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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
2. Does your protocol include software usage? (Y/N) Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. 
Steps 2.5, 2.6 and 2.7 to emphasize the technique for localizing the astrocyte cultures upside down, and the careful handling of the membranes.
Step 6.4 to show how to detach and cut the membranes with minimal damage of the cell layers to guarantee the quality of microscopy imaging.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. 
Step 2.7: not a difficulty per se, but making sure that the astrocytes have adhered on the brain side, therefore not to revert the inserts too soon. As the observation of the adhesion on the membrane is virtually impossible to see under a microscope with the inserts being upside down, maybe we can add a note suggesting to seed a regular cell culture vessel with the same cell suspension to follow the adhesion over time under the microscope.
5. Will the filming need to take place in multiple locations? (Y/N) Y
If yes, how far apart are the locations? Same building, different floor.


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.1. Pirjo Laakkonen: During the development of novel drugs and compounds to target tumors of the central nervous system, the accessibility and the passage through the blood-brain barrier is highly important [1].

1.1.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

1.2. Pirjo Laakkonen: Athough cytotoxicity can easily be measured by incubating cells with therapeutic molecules, it does not tell anything about the actual delivery to the tumor site. To address this issue, the following protocol describes how to recreate a blood-brain tumor-barrier in vitro on a dish [1].

1.2.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

1.3. Pirjo Laakkonen: The usage of immortalised cells of murine or human origin, makes this assay very flexible. It can be easily scaled up to screen dozens of compounds with high reproducibility. In addition, this method allows both quantification and visualisation of the passage and targeting ability of the compounds before proceeding with preclinical test in animal models. Therefore, our method also partially replaces animal models by using pre-established cells lines [1]. 

1.3.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

OPTIONAL Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

1.4. Vadim Le Joncour: Inclusion of patient-derived brain tumor cells assays the  patient heterogeneity, while the use of immortalized cells to produce the blood brain barrier ensures the reproducibility of the results. Altogether, this assay provides a useful tool that can be used for screening different drugs and delivery vehicles [1].

1.4.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

1.5. [bookmark: _Hlk534298467]Vadim Le Joncour: Visual demonstration of this method is critical because establishing the barrier by seeding the cells on opposite sides of the inserts requires manipulation that is not described by most of the protocols using a similar setup. For instance, obtaining the adhesion of astrocytes when the insert is in an upside down position benefits from visual explanations [1].

1.5.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.6. The animal experiments were approved by the Committee for Animal Experiments of the District of Southern Finland (ESAVI/6285/04.10.07/2014).
1.1. [bookmark: _GoBack]

Section - Protocol
2. Preparation of Astrocytes
2.1. Under a sterile cell culture hood, carefully wash the cultured astrocytes with 5 milliliters of sterile PBS [1-TXT]. Use a vacuum pump to gently discard the PBS [2] and add 2 milliliters of cell dissociation reagent for 5 minutes to detach the cells [3-TXT].
2.1.1. MED: Talent approaches a cell culture hood and begins washing the astrocytes with PBS. TEXT: See text for details on culturing the astrocytes.
2.1.2. MED: Talent uses a vacuum pump to discard the PBS.
2.1.3. MED: Talent adds cell dissociation reagent to the cells. TEXT: Avoid using aggressive cell dissociation reagents such as trypsin-EDTA.
2.2. Then, add 10 milliliters of sterile complete astrocyte cell culture medium to the vessel to inhibit the activity of the cell dissociation reagent [1-TXT]. Use a sterile serological pipette to transfer the detached cells from the vessel to a sterile 15 milliliter tube [2]. Centrifuge at 250 x g for 3 minutes at room temperature [3-TXT].
2.2.1. MED: Talent adds sterile complete astrocyte cell culture medium to the vessel. TEXT: ABM+: Astrocyte cell culture medium.
2.2.2. MED: Talent uses a pipette to transfer the detached cells to a sterile tube.
2.2.3. MED: Talent closes the centrifuge lid and turns the centrifuge on. TEXT: Acceleration: 9 rcf/s; Deceleration: 5 rcf/s. Videographer: Please capture a few takes of this action. It will be used again. Ensure the tube and its contents are not clearly visible in this shot so that it can be reused for different steps.
2.3. Meanwhile, set out the inserts [1]. Use sterile forceps to place the inserts with the brain side up on the lid of a sterile 6-well plate [2].
2.3.1. MED: Talent sets out the inserts.
2.3.2. CU: Talent uses sterile forceps to place the inserts with the brain side up on the lid of a sterile 6-well plate.
2.4. When the centrifugation is complete, carefully discard the supernatant from the cell suspension and re-suspend the astrocyte pellet in 1 milliliter of ABM+ (“A-B-M-plus”) by gently pipetting the pellet on the tube’s wall up to 5 times [1-TXT]. Then, count the cells and adjust the cell suspension density to 150 thousand cells in 400 microliters of ABM+/insert [2].
2.4.1. CU: Close up of the tube as the talent re-suspends the pellet. The supernatant can be removed prior to this shot. TEXT: Avoid excessively pipetting the cells. 
2.4.2. MED: Talent adjusts the cell density. Any action in this process can be filmed for this shot.
2.5. Place this cell suspension into the middle of the brain-side of the insert’s membrane [1-TXT] and carefully spread it using capillary force with a sterile pipette tip [2].
2.5.1. MED: Talent places the cell suspension in the middle of the brain-side of the insert’s membrane. TEXT: Avoid direct contact as the membrane is fragile. Video Editor: Keep this text overlay up for all of 2.5.
2.5.2. CU: Close up as the talent spreads the cell suspension.
2.6. With the brain side of the insets still up, place the 6-well plate back on the inserts [1]. Place the plate and inserts, with the brain side up, into an incubator at 37 degrees Celsius with 5 percent carbon dioxide to allow for cell adhesion [2-TXT].
2.6.1. MED: Talent places the 6-well plate back on the inserts.
2.6.2. MED: Talent transfers the plate and inserts into an incubator. TEXT: Murine immortalized astrocytes: Incubate ≥2 h; Human primary astrocytes ≤6 h.
2.7. After this, revert the 6-well plate back to its regular position – with the inserts now blood side up [1]. Add medium and continue the incubation as outlined in the text protocol [2].
2.7.1. CU: Close up as the talent reverts the plate back to its original position.
2.7.2. MED: Talent returns the plate to the incubator. Alternatively, any action in this process (adding medium and continuing the incubation) can be filmed for this shot.

3. Preparation of Endothelial Cells
3.1. Under a sterile cell culture hood, carefully wash the cultured endothelial cells with 5 milliliters of sterile PBS [1-TXT]. Use a vacuum pump to gently discard the PBS [2] and add 2 milliliters of cell dissociation reagent for 5 minutes to detach the cells [3-TXT].
3.1.1. MED: Talent, at a sterile culture hood, washes the cultured endothelial cells with PBS. TEXT: See text for details on culturing the endothelial cells.
3.1.2. MED: Talent uses a vacuum pump to gently discard the PBS.
3.1.3. MED: Talent adds cell dissociation reagent to the cells. TEXT: Avoid using aggressive cell dissociation reagents such as trypsin-EDTA
3.2. Then, add 10 milliliters of sterile complete endothelial cell culture medium to the vessel to inhibit the activity of the cell dissociation reagent [1-TXT]. Use a sterile serological pipette to transfer the detached cells from the vessel to a sterile 15 milliliter tube [2]. Centrifuge at 250 x g for 3 minutes at room temperature [3-TXT].
3.2.1. MED: Talent adds complete endothelial cell culture medium to the vessel. TEXT: EBM+: Endothelial cell culture medium.
3.2.2. MED: Talent uses a pipette to transfer the detached cells to a sterile tube.
3.2.3. Use a take from 2.2.3. TEXT: Acceleration: 9 rcf/s; Deceleration: 5 rcf/s.
3.3. After this, discard the supernatant and re-suspend the endothelial cell pellet in 1 milliliter of EBM+ (“E-B-M-plus”) by slowly pipetting the cell suspension on the tube’s wall up to 5 times [1-TXT]. Count the cells and adjust the cell suspension density to 200 thousand cells in 2.5 milliliters of endothelial cell culture, devoid of serum and vascular endothelial growth factor-A, per insert [2].
3.3.1. CU: Talent re-suspends the cells in EBM+. TEXT: Avoid excessively pipetting the cells.
3.3.2. MED: Talent adjusts the cell density. Any action in this process can be filmed for this shot.
3.4. Retrieve the plate containing the inserts [1]. Carefully discard the medium from the blood side and replace it with the 2.5 milliliters of endothelial cell suspension [2]. Then, return the plate to the incubator and leave it overnight to allow the endothelial cells to adhere to the membrane [3-TXT].
3.4.1. MED: Talent retrieves the plate containing the inserts.
3.4.2. MED: Talent replaces the medium with endothelial cell suspension.
3.4.3. MED: Talent places the plate into an incubator. TEXT: 37 °C; 5% CO2.
3.5. The next day, prepare a 6-well plate by transferring 3 milliliters of pre-warmed ABM- (“A-B-M-minus”) to each well [1-TXT]. Using sterile forceps, handle the inserts to carefully discard the endothelial complete medium from the blood side [2], and place the insert into the new plate containing ABM- [3]. Then, add 2.5 milliliters of EBM- (“E-B-M-minus”) [4-TXT].
3.5.1. MED: Talent transfers pre-warmed ABM- to each well of a 6-well plate. TEXT: ABM-: Serum-free astrocyte medium.
3.5.2. MED: Talent uses forceps to handle the inserts and carefully discard the endothelial complete medium from the blood side.
3.5.3. MED: Talent places the insert into the new plate.
3.5.4. MED: Talent adds EBM- to the new plate. TEXT: EBM-: Serum-free endothelial medium.
3.6. Leave the inserts in the incubator with minimal physical disturbance or temperature variation for 5 days [1-TXT]. On the day of the transfer, replace the medium [2].
3.6.1. MED: Talent transfers the plate with the inserts into an incubator. TEXT: 37 °C; 5% CO2.
3.6.2. MED: Talent replaces the medium in the plate.
4. Preparation of Glioma Cells
4.1. For immunofluorescence imaging, place up to four round sterile borosilicate coverslips into each well of a 6-well plate containing 2 milliliters of poly-D-lysine [1]. Incubate at room temperature for 30 minutes [2].
4.1.1. CU: Close up as the talent places round sterile borosilicate coverslips into each well of a 6-well plate.
4.1.2. MED: Talent sets the 6-well plate aside to incubate at room temperature.
4.2. Meanwhile, use a sterile serological pipette to carefully transfer the tumor spheres from the cell culture vessel to a 15 milliliter sterile tube [1]. Centrifuge the tumor spheres at 250 x g for 3 minutes [2].
4.2.1. MED: Talent uses a pipette to transfer the tumor spheres into a sterile tube.
4.2.2. Use a take from 2.2.3.
4.3. Discard the supernatant and gently re-suspend the spheres in 1 milliliters of GBM- (“G-B-M-minus”) [1-TXT]. Count the cells and adjust the cell density to approximately 10,000 spheres, or 100,000 cells, per milliliter of GBM- [2].
4.3.1. MED: Talent re-suspends the spheres in GBM-. The supernatant can be discarded prior to this shot. TEXT: GBM-: bFGF/EGF-free glioma cell medium.
4.3.2. MED: Talent adjusts the cell density. Any action in this process can be filmed for this shot. Use a take from 2.4.2 or 3.3.2 (Author Comment: Please reuse one of the several shots taken during steps 2.4.2. or 3.3.2.)
4.4. Next, discard the poly-D-lysine from the wells and rinse the wells three times with sterile PBS [1]. Seed each well of the plate with 3 milliliters of the tumor spheroid suspension [2] and transfer the inserts with the BBB mimic onto the tumor cell suspension [3].
4.4.1. MED: Talent rinses the wells of the 6-well plate with PBS. The poly-D-lysine can be discarded prior to this shot.
4.4.2. MED: Talent seeds the wells with the tumor spheroid suspension.
4.4.3. MED: Talent transfers the inserts with the mimic onto the tumor cell suspension.
4.5. Incubate overnight at 37 degrees Celsius with 5 percent carbon dioxide to allow the blood and brain tumor sides of the assay to come to equilibrium [1]. The next day, replace the media in the blood side with EBM- supplemented with the molecules, drugs, or nanoparticles of interest [2].
4.5.1. MED: Talent transfers the plate to an incubator.
4.5.2. MED: Talent replaces the media from the blood side with supplemented EBM-.
4.6. Collect the samples over time for direct quantification as previously described [1].
4.6.1. MED: Talent collects a sample from one of the sides of the insert.

5. Measurement of the BBTB Mimic Permeability (Optional)
5.1. First, collect 100 microliters of the medium from both the blood and the brain sides of the BBTB (“B-B-T-B”) mimic [1-TXT] and transfer each to a separate flat-bottomed, black 96-well plate for subsequent fluorescence measurements [2].
5.1.1. MED: Talent collects medium from both the blood side and the brain side of the mimic. TEXT: Blood-brain tumor-barrier. [Shots 5.1.1 and 5.1.2 combined]
5.1.2. MED: Talent transfers the medium to separate flat-bottomed, black 96-well plates.
5.2. Next, prepare a 50 micromolar solution of sodium fluorescein in EBM-, making sure to prepare 2.5 milliliters per well [1]. Pre-warm this solution to 37 degrees Celsius [2], and replace the media from the blood side of the inserts with media containing this sodium fluorescein solution [3]. Start a timer as soon as the medium is replaced [4].
5.2.1. MED: Talent prepares a solution of sodium fluorescein in EBM-.
5.2.2. MED: Talent places the vessel of sodium fluorescein in EBM- into a water bath or incubator to pre-warm.
5.2.3. MED: Talent replaces the media from the blood side of the insert with media containing sodium fluorescein.
5.2.4. MED: Talent starts a timer.
5.3. Carefully collect 100 microliters of media from both the blood and brain sides of the inserts at 5 minutes, 30 minutes, 60 minutes, and 120 minutes [1-TXT]. Transfer each sample to separate wells of the appropriate black 96-well plate [2]. 
5.3.1. MED: Talent collects media from both sides of the insert.. TEXT: Replace the medium and incubate in between collections as outlined in the text protol. [Shots 5.3.1 and 5.3.2 combined]
5.3.2. MED: Talent transfers a collected sample into wells of a black 96-well plate.
5.4. Use a plate reader to quantify the fluorescence from the collected samples [1-TXT].
5.4.1. MED: Talent approaches a plate reader with the 96-well plate in hand and behinds to quantify the fluorescence. TEXT: Excitation: 480 nm; Emission 560 nm.
6. BBTB Fluorescence Staining to Detect Nanoparticle Transcytosis 
6.1. First, dilute the lysosome fluorescent dye to the appropriate working concentration in pre-warmed medium [1-TXT]. Add this to the cells and incubate at 37 degrees Celsius with 5 percent carbon dioxide for 45 minutes [2]. Then, rinse the cells three times with ice cold PBS [3].
6.1.1. MED: Talent dilutes the dye. Any action in this process can be filmed for this shot. TEXT: Endothelial cells: 50 nM in pre-warmed EBM-; Astrocytes: 75 mM in pre-warmed ABM-.
6.1.2. MED: Talent transfers the plate to an incubator.
6.1.3. MED: Talent rinses the plate with PBS.
6.2. Discard the PBS and add 3 milliliters of ice-cold 4 percent paraformaldehyde to the wells [1] and 2.5 milliliters to the insert [2]. Incubate on ice for 10 minutes [3]. After this, discard the paraformaldehyde and rinse the cells three times with PBS [4]. TEXT: Caution: Paraformeadehyde is harmful, proceed under a chemical fume hood.
6.2.1. MED: Talent adds paraformaldehyde to the wells of the plate.
6.2.2. MED: Talent adds paraformaldehyde to the insert.
6.2.3. MED: Talent places the plate on ice.
6.2.4. MED: Talent rinses the cells with PBS.
6.3. Remove the PBS and counterstain the cell nuclei using a DAPI solution at a final concentration of 1 microgram per milliliter in distilled water [1]. Incubate at room temperature for 7 minutes [2]. Then, remove the DAPI and wash the membranes three times with distilled water [3].
6.3.1. MED: Talent counterstains the cell nuclei with DAPI.
6.3.2. MED: Talent sets the plate aside to incubate at room temperature.
6.3.3. MED: Talent washes the membranes with distilled water.
6.4. Carefully cut the membrane [1], remove the excess distilled water [2], and place it on a drop of mounting medium on a glass microscope slide [3]. Add another drop of mounting medium on the other side of the membrane [4], and carefully cover it with a borosilicate cover glass [5].
6.4.1. MED: Talent cuts the membrane.
6.4.2. MED: Talent removes the excess distilled water.
6.4.3. CU: Talent places the cut membrane on a drop of mounting medium on a glass microscope slide.
6.4.4. CU: Talent adds another drop of mounting medium to the other side of the membrane.
6.4.5. CU: Talent covers the membrane with a borosilicate cover glass.







Section – Results
7. Results: Analysis of In Vivo Payload Delivery using the Blood-brain Tumor-barrier
7.1. In this study, endothelial wells are cocultured with astrocytes to form a blood-brain tumor-barrier-like interface in an in vitro setup [1]. Confocal imaging of the murine BBTB mimic shows the expression and cellular localization of the tight junction proteins zonula occludens-1 (“zoh-new-lah occ-lu-dense-one”) and claudin-5 (“claw-dinn-five”) in bEND3 (“B-end-three”) [2].
7.1.1. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1D.
7.1.2. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1D.
7.2. Contacts between the endothelial cells and astrocytes clearly induces the relocation of these two proteins to the endothelial cell-cell contacts compared to the bEND3 monocultures [1].
7.2.1. LAB MEDIA: Figure 1. Video Editor: Still show only Figure 1D. Emphasize the right-hand images (under the header “bEND3+HIFko astrocytes”).
7.3. Using immunofluorescence staining to visualize the GFAP-expressing astrocytes at the brain-side of the membrane, it is possible to observe and study the astrocytic processes and end-feet contacting the endothelial cells through the membrane [1].
7.3.1. LAB MEDIA: Figure 1. Video Editor: Show only Figure 1E.
7.4. To compare the permeability values of the in vitro BBTB mimics with the in vitro blood-brain barrier, the real-time diffusion of sodium fluorescein is imaged through a cranial window implanted in nude mice [1]. Using a fluorescence stereomicroscope, sodium fluorescein diffusion from the blood vessel capillaries deriving from the main pial blood vessels is recorded before, during, and after systemic injection of the probe [2].
7.4.1. LAB MEDIA: Figure 2. Video Editor: Show only Figure 2C.
7.4.2. LAB MEDIA: Figure 2. Video Editor: Show only Figure 2C.
7.5. The transcytosis of nanoparticles that target patient-derived glioblastoma spheres is then compared to illustrate how this BBTB mimic can be used to visualize the passage of compounds from the blood side to the brain side [1].
7.5.1. LAB MEDIA: Figure 3. Video Editor: Show only Figure 3A.
7.6. The NP110-associated fluorescent signal colocalizes with the lysosomes in the endothelial cells, astrocytes, and tumor cells [1-TXT]. In addition, NP110s are detected in-between the endothelial cells and astrocytes, passing through the membrane pores of the insert [2].
7.6.1. LAB MEDIA: Figure 3. TEXT: NP110: 110 nm nanoparticles. Video Editor: Still show only Figure 3A. Emphasize the images numbered 1, 3, and 4 (which represent the endothelial cells, the astrocytes, and the tumor cells).
7.6.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3A. Emphasize the red in the image numbered 2 (which represents the NP100s detected in the membrane pores).
7.7. The passage of NP110s is quantified by measuring the fluorescence from samples collected from both the blood and brain side, and these values are compared to those determined nanoparticles that are 350 nm [1]. As can be seen, only NP110 are able to cross the BBTB mimics [2], while NP350 remained on the blood-side, resulting in lower permeability values for these nanoparticles [3].
7.7.1. LAB MEDIA: Figure 3. Video Editor: Show only Figure 3B.
7.7.2. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3B. Emphasize the black data column (for 110 nm nanoparticles).
7.7.3. LAB MEDIA: Figure 3. Video Editor: Still show only Figure 3B. Emphasize the grey data column (for 350 nm nanoparticles).



Section - Conclusion
8. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
8.1. Vadim Le Joncour: Handle the inserts with care and cautiously spread the astrocyte cell suspension on the brain side without direct contact with the membrane. Any damage of the membrane will result in leaks [1] [2].

8.1.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.

8.1.2. Use parts of shot 2.5.2
8.2. Vadim Le Joncour: This method can be adapted to answer the question of the brain delivery of peripherally administered payloads. Using inserts with larger pores, it also makes it possible to study cell extravasation [1].

8.2.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
8.3. Vadim Le Joncour: This technique can be modified with different cell types to mimic other types of cellular barriers. It also paves the way to more responsible and ethical research aiming to reduce the number of laboratory animals used for anti-cancer drug validation [1].

8.3.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
8.4. Vadim Le Joncour: Please remember that paraformaldhehyde is a very toxic chemical, and should be handled accordingly. Also, be careful when using a sharp scalpel to extract the membranes from the inserts [1].

8.4.1. INTERVIEW: Named author says the statement above while looking slightly off-camera.
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