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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)
No. The protocol involves pipetting cells into the microfluidic chip. The procedure is not done under a microscope, but the assessment of successful seeding is done under the microscope.
Can you record movies/images using your own microscope camera? (Y/N) 
Yes

2. Does your protocol include software usage? (Y/N)
No

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. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.1
2.3
3.3
4.2
4.9	
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. (Please do not list entire sections.)
2.3 and 3.3
5. Will the filming need to take place in multiple locations? (Y/N) 
If yes, how far apart are the locations? 
NO


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

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

1.1. Gad Vatine: This protocol will demonstrate how differentiated induced pluripotent stem cells can be seeded on an Organ-on-Chip to generate a fully human, personalized microfluidic BBB, which can be used to predict central nervous system-drug permeability and to study neurological disorders [1].
1.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.2. Gad Vatine: Using a commercially available Organ-on-Chip, we will demonstrate how any biologically oriented lab can use this technology to generate a personalized microfluidic BBB-on-Chip [1].
1.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

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

1.3. Srikanth Jagadeesan: Accumulating evidences suggest that the BBB plays a role in neurological diseases. By generating personalized BBB-Chips derived from iPSCs of individuals with genetic neurological diseases it will be possible to study the role of the BBB in health and disease [1].
1.4. 
1.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.

1.5. Srikanth Jagadeesan: This method can also be useful for pharma companies which can use this human BBB platform to screen for the penetrability of candidate neurological drugs into the human brain [1].
1.5.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


1.6. Gad Vatine: The application of organ on chip technologies usually requires specialized engineering skills. Using commercially available platforms enable the application of this technology in any biologically oriented lab [1].
1.6.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.


Section - Protocol
2. Seeding the “Brain Side” Channel and Differentiating EZ Spheres into Mixed Neural Cultures
2.1. To begin, bring the dish containing the prepared chips to the biosafety cabinet [1]. Using a P200 pipette, gently wash both channels by adding 200 microliters of neural differentiation medium into the inlet, and pulling the liquid from the outlet [2].  
2.1.1. WIDE: Talent brings a dish into a cabinet.
2.1.2. CU: Talent washes the channels. Important Step
2.1.3. [Added Shot]: CU: Last part of the shooting of 2.1.2 (Editor: I’m unsure of what’s in this shot exactly, but try to include it during the VO for 2.1.2 if possible)
2.2. Avoiding contact with the ports, carefully aspirate excess media droplets from the surface of the chip [1]. Gently agitate the cell suspension to ensure a homogeneous cell suspension [2].
2.2.1. CU: Talent removes media from the surface.
2.2.2. Talent agitates the cell suspension.
2.3. To seed the iPSC (pronounce as eye-P-S-C)-derived neural progenitor cells into the top channel to generate the “brain side”, add a P200 (pronounce as P-two-hundred) tip containing 30–100 microliters of cell suspension, at the concentration of 1 x 106 cells per milliliter, to the top channel inlet [1] and gently release the tip from the pipette [2].
2.3.1. CU: Talent adds cell suspension into the top channel. Important Step [Shots 2.3.1 – 2.4.2 combined]
2.3.2. CU: Talent releases the tip.
2.4. Take an empty P200 pipette, depress the plunger [1], insert into the top channel outlet and carefully pull the single cell suspension through the chip [2].
2.4.1. CU: Talent uses an empty pipette, and depress the plunger. Focus on the plunger of the pipette.
2.4.2. CU: Talent inserts into the top channel outlet to pull the cell suspension.
2.5. Cover the dish and transfer it to the microscope to check the seeding density and homogenous distribution of cells within the top channel [1]. [2].
2.5.1. Talent covers the dish, and transfers the chip to a microscope.
2.5.2. Talent removes the two pipet tips.
2.6. After confirming the cell density at 20% coverage [1], immediately place the chips in the incubator for 2 hours at 37 degrees Celsius [2]. 
2.6.1. SCOPE: Shot of 20% coverage.
2.6.2. Talent places the chip into an incubator.
2.7. After that [1], wash away the cells that do not attach by adding fresh neural differentiation medium into the inlet, and pulling the liquid by a pipette from the outlet [2]. Keep the cells under static conditions at 37 degrees Celsius with a daily neural differentiation medium replacement [3] [4].
2.7.1. Talent takes out the chip from the incubator.
2.7.2. CU: Talent adds medium into the chip inlet to wash, and pulls the liquid from the outlet.
2.7.3. Talent places the chip back into the incubator.
2.7.4. Talent takes the chip from the incubator adds medium into the chip inlet.
3. Seeding iBMECs (iPSC-Derived Brain Microvascular Endothelial Cells) into the Bottom Channel to Generate the “Blood Side”
3.1. After iNPCs (pronounce as eye-N-P-sees) have attached [1], or on a subsequent day following seeding, bring the dish containing the prepared chips to the biosafety cabinet [2]. Gently wash the bottom channel with 200 microliters of endothelial cell medium [3].
3.1.1. Talent shows the iNPCs have attached. LAB MEDIA: iNPCs 10x.PNG
3.1.2. Talent brings the dish with chips to the cabinet.
3.1.3. Talent adds medium into the channel.
3.2. Avoiding contact with the ports, carefully aspirate droplets of excess endothelial cell medium from the surface of the chip, making sure to leave medium in both channels [1]. Gently agitate the cell suspension to ensure a homogeneous cell suspension [2].
3.2.1. CU: Talent removes droplets of medium.
3.2.2. Talent agitates the cell suspension.
3.3. Using a P200 pipette, draw up 30–100 microliters of the iPSC-derived brain microvascular endothelial cell suspension at the concentration of 14–20 x 106 cells per milliliter [1], and place the tip into the bottom channel inlet. Gently disconnect the tip from the pipette, leaving the cell-containing tip in the inlet port [2]. 
3.3.1. CU: Talent draws up cell suspension. Important Step
3.3.2. CU: Talent places the tip into the inlet, and disconnects the tip from the pipette. Important Step
3.4. Srikanth Jagadeesan: The most critical step to achieve functional barrier properties is the seeding of BMECs. It is crucial seed cells at proper density, to avoid bubble formation to verify homogenous distribution within the Organ-Chip.
3.4.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
3.5. Depress the plunger on a P200 pipette with an empty tip [1], insert into the bottom channel outlet, and slowly release the pipette plunger [2] to carefully pull the single cell suspension through the bottom channel [3].
3.5.1. CU: Talent depresses the plunger on a pipette with a tip.
3.5.2. CU: Talent inserts the tip into the channel outlet, and releases the pipette plunger. [Shots 3.5.2 – 3.5.3 combined]
3.5.3. CU: Shot of the solution pulled through the bottom channel.
3.6. Aspirate the excess cell suspension from the surface of the chip. Avoid direct contact with the inlet and outlet ports to ensure that no cell suspension is aspirated out of the channels [1].
3.6.1. CU: Talent removes excess liquid from the surface.
3.7. Cover the chip and transfer it to the microscope to observe seeding density [1]. The bottom channel is filled with cells with no observable gaps in between [2].
3.7.1. Talent covers the chip and places it under a microscope.
3.7.2. LAB MEDIA: Figure 4A
3.8. After confirming the correct cell density, seed the cells in the remaining chips [1]. To attach the cells onto the porous membrane [3.8.1.1], which is located on the top of the bottom channel, invert each chip and let them rest in a chip cradle [2].
3.8.1. Talent adds cell suspension into chips. 
3.8.1.1 [Added Shot]: Talent removes tips from chips [Shots 3.8.1.1 and 3.8.2 combined]
3.8.2. Talent inverts chips and places them in a chip cradle.
3.9. Place a small reservoir containing sterile DPBS inside the 150-millimeter dish to provide humidity for the cells [1]. Incubate the chips at 37 degrees Celsius for approximately 3 hours [2], or until cells in the bottom channel have attached [3]. 
3.9.1. Talent places a tube cup with water in the dish.
3.9.2. Talent places the chips into an incubator.
3.9.3. SCOPE: Shot of the cells attached. LAB MEDIA: Figure 4B
3.10. Once the iPSC-derived brain microvascular endothelial cells have attached, flip the chips back to an upright position to allow cell attachment to the bottom portion of the bottom channel [1].
3.10.1. Talent flips the chips.
4. Initiation of Flow
4.1. Forty-eight hours post-seeding of the iPSC-derived brain microvascular endothelial cells, equilibrate the temperature of the endothelial cell medium by warming in a 37-degree Celsius water bath for 1 hour [1]. Then, degas the medium by incubation under a vacuum-driven filtration system for 15 minutes [2]. 
4.1.1. Talent places the endothelial cell medium into a water bath.
4.1.2. Talent places the endothelial cell medium into a filtration system.
4.2. Next, sanitize the exterior of the portable module packaging and trays with 70% ethanol, wipe, and transfer them to the biosafety cabinet [1]. Open the package and place the modules into the tray. Orient them with the reservoirs toward the back of the tray [2].
4.2.1. Talent sprays ethanol to sanitize the module, wipes and transfers to the cabinet. 
4.2.2. Talent opens the package, and places the modules into the tray. 
4.3. Pipette 3 milliliters of the pre-equilibrated, warm media to each inlet reservoir [1]. Add endothelial cell culture medium to the inlet reservoir of the bottom channel [2] and neural differentiation medium to the top channel inlet reservoir of the top channel [3].
4.3.1. Talent adds media into inlet.
4.3.2. LAB MEDIA: Figure 5 – Video editor: emphasize the dark pink part.
4.3.3. LAB MEDIA: Figure 5 – Video editor: emphasize the dark blue part.
4.4. Then, pipette 300 microliters of the pre-equilibrated, warm media to each outlet reservoir, directly over each outlet port [1].
4.4.1. CU: Talent adds media to each outlet reservoir.
4.5. Place up to six portable modules on each tray [1]. Bring trays to the incubator and slide completely into the culture module with the tray handle facing outward [2].
4.5.1. Talent places modules on each tray.
4.5.2. Talent places the trays into the incubator.
4.6. Select and run the “Prime” cycle on the culture module. Close the incubator door and allow the culture module to prime the portable modules for about 1 minute [1]. The priming cycle is completed when the status bar reads “Ready”. Remove the tray from the culture module and bring it to the biosafety cabinet [2].
4.6.1. Talent runs the cycle on the module, and closes the incubator door. Videographer: Take multiple shots, as this will be used later.
4.6.2. Shot of the status bar showing “Ready”, and the talent transfers the tray into the cabinet.
4.7. Inspect the underside of each portable module in the biosafety cabinet to verify that the portable modules were successfully primed [1]. Look for the presence of small droplets at all four ports [2]. 
4.7.1. Talent inspects the under side of each module.
4.7.2. CU: Talent shows the four ports with droplets. (Author Comment: This part was shot again to show better closeup)
4.8. If any portable module does not show droplets [1], rerun the prime cycle on those modules [2]. If any media dripped onto the tray, which occurs more often by the outlet ports, clean the tray with 70% ethanol [3].
4.8.1. CU: Talent shows one port without droplet.
4.8.2. Use 4.6.1.
4.8.3. Talent shows the media dripped onto the tray, and uses ethanol to clean the tray.
4.9. Next, gently wash both channels of each chip with warm, equilibrated cell-specific culture medium to remove any possible bubbles in the channel [1] and place small droplets of media on the top of each inlet and outlet port [2].
4.9.1. Talent washes both channels. Important Step
4.9.2. CU: Talent places the small droplets on top of each port. Important Step
4.10. Insert the chips with carriers into the portable modules, and place up to six on each tray [1]. Insert the trays into the culture module [2]. Program the appropriate organ chip culture conditions, such as flow rate and stretch, on the culture module [3].
4.10.1. Talent inserts the chips into modules and places the modules on each tray.
4.10.2. Talent inserts the trays into the module.
4.10.3. Talent adjusts settings on the module.
4.11. As soon as the “Regulate” cycle is complete, which takes approximately 2 hours, the programmed conditions start [1]. After that, the culture module begins flow at the preset organ chip culture conditions [2].
4.11.1. Talent shows the regulate cycle is complete, and the programmed conditions start.
4.11.2. Shot of the flow.



Section – Results
5. Results: Immunocytochemistry and Permeability of the iPSC-base Blood-Brain Barrier Chip
5.1. Immunocytochemistry on the iPSC (pronounce as eye-P-S-C) based blood-brain barrier chip 7 days post-seeding shows the EZ-spheres differentiated into a mixed neural cell population in the top brain side channel [1], including S100β+ (pronounce as S-one-hundred-beta-positive) astrocytes [2], Nestin+ (pronounce as nestin-positive) neural progenitor cells [3] as well as GFAP+ (pronounce as G-F-A-P-positive) astrocytes [4] and βIII-tubulin+ (pronounce as beta-three-tubulin-positive) neurons [5]. 
5.1.1. LAB MEDIA: Figure 6A-C
5.1.2. LAB MEDIA: Figure 6A-C – Video editor: Emphasize the green part in Figure 6A.
5.1.3. LAB MEDIA: Figure 6A-C – Video editor: Emphasize the red part in Figure 6A.
5.1.4. LAB MEDIA: Figure 6A-C – Video editor: Emphasize the green part in Figure 6B.
5.2. iPSC-derived brain microvascular endothelial cells seeded in the bottom “blood side” channel [1] expressed GLUT-1 (pronounce as Glut-one) [2] and PECAM-1 [3]. 
5.2.1. LAB MEDIA: Figure 6A-C – Video editor: Emphasize Figure 6C.
5.2.2. LAB MEDIA: Figure 6A-C – Video editor: Emphasize the green part in Figure 6C.
5.2.3. LAB MEDIA: Figure 6A-C – Video editor: Emphasize the red part in Figure 6C.
5.3. Evaluation of the blood-brain barrier chip permeability [1] demonstrates that the organ chips seeded with iPSC-derived brain microvascular endothelial cells and EZ-spheres had a tight barrier [2] compared to organ chips seeded with iPSC-derived brain microvascular endothelial Cells alone [3]. Organ chips seeded with EZ-spheres alone did not display any barrier properties [4].
5.3.1. LAB MEDIA: Figure 6D
5.3.2. LAB MEDIA: Figure 6D – Video editor: Emphasize the first bar.
5.3.3. LAB MEDIA: Figure 6D – Video editor: Emphasize the second bar.
5.3.4. LAB MEDIA: Figure 6D – Video editor: Emphasize the third bar.




Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Srikanth Jagadessan: From the initial surface treatment of the channels to the medium switching each day, avoid bubble formation in the channel. Throughout the steps in the protocol in which surface activation reagents, extracellular matrix or cell containing medium needs to be inserted through the channels, it is extremely important to carefully verify that no bubbles were formed [1]. 
6.1.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.2. Srikanth Jagadessan: Permeability assays can be performed to assess the human brain penetrability of candidate drugs. This approach can serve for testing potential therapeutics [1].
6.2.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
6.3. [bookmark: _GoBack]Srikanth Jagadessan Gad Vatine: The application of the iPSC-based BBB-Chip, allows studying the role of the BBB in various neurological diseases. In the future, such platform may be useful for predictive personalized medicine applications [1].
6.3.1. INTERVIEW: Named author says the statement above in an interview-style shot while looking slightly off-camera.
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