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Author Questionnaire 

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique?  No  

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

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


Introduction

1. Introductory Interview Statements


[bookmark: _Hlk38545853]REQUIRED: 
1.1. [bookmark: _Hlk38545822][bookmark: _Hlk38545812]Brandon J. Kim: This protocol demonstrates the usage of iPSC-derived brain endothelial cells to examine host-pathogen interactions at the blood-brain barriers, such as the meningeal blood-CSF barriers, in a model that can better mimic brain endothelial cells in vivo. 

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

1.2. [bookmark: _Hlk38545834]Leo M. Endres: In vitro examination of brain endothelial cell barrier properties and interactions with human specific pathogens can be challenging due to limitations in modeling. iPSC-derived brain endothelial cells are particularly useful for these applications as they possess superior barrier phenotypes and are of human origin.

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


1.3. 

Protocol

2. IMR90-4 Cell Culture Maintenance
2.1. Maintain the induced pluripotent stem-cells, or iPSCs, at 37 degrees Celsius and 5% carbon dioxide in 6-well plates with 2 milliliters of stem cell maintenance medium [1]. 
2.1.1. WIDE: Establishing shot of talent walking to the incubator and taking out the plate with cells.
2.2. To passage the cells, aspirate the medium from a well that is not confluent [1] and add 1 milliliter of non-enzymatic cell dissociation reagent [2], then incubate the plate at 37 degrees Celsius for 7 minutes [3]. Meanwhile, replace the matrix gel solution on a new 6-well plate with 2 milliliters of fresh stem-cell maintenance medium per well [4].
2.2.1. LAB MEDIA: Image 1.jpg. 
2.2.2. Talent aspirating media from a well and adding dissociation reagent, with the dissociation reagent container in the shot.
2.2.3. Talent putting the plate in the incubator and closing the door. 
2.2.4. Talent aspirating the matrix gel solution from the wells in a new plate and adding medium.
2.3. Aspirate the cell dissociation reagent, taking care to not aspirate cells that are still attached to the plate [1]. Rinse the bottom of the well with 6 milliliters of stem-cell maintenance medium until all cells are completely detached [2].
2.3.1. Talent aspirating the cell dissociation reagent. 
2.3.2. Talent rinsing the well with medium. 
2.4. Seed the new 6-well plate with varying densities, typically 1 to 6 or 1 to 12, for normal maintenance [1]. Shake the plate back and forth and left to right, pausing in between alternating shaking motions until the medium has settled [2], then put it in the incubator [3]. 
2.4.1. Talent seeding cells in the new plate. 
2.4.2. Talent shaking the plate. 
2.4.3. Talent putting the plate in the incubator.
3. Differentiation of Brain Endothelial Cells from Human iPSCs
3.1. Add 1 milliliter of enzymatic cell dissociation reagent into each well and incubate the plate at 37 degrees Celsius for 7 minutes [1-TXT]. To deactivate the cell dissociation reagent, transfer 1 milliliter of the cell suspension into a 15-milliliter tube with at least 2 milliliters of fresh stem-cell maintenance medium [2]. Videographer: This step is difficult and important!
3.1.1. Talent adding dissociation reagent to the cells. TEXT: Day -3 of differentiation
3.1.2. Talent transferring the cell suspension to a 15mL tube with media.
3.2. Spin down the cell suspension at 1,500 x g for 5 minutes [1], then resuspend the cell pellet in 1 milliliter of stem-cell maintenance medium [2] and count the cells with a hemocytometer [3]. Videographer: This step is difficult and important!
3.2.1. Talent putting the cells in the centrifuge and closing the lid.
3.2.2. Talent resuspending the cell pellet.
3.2.3. Talent counting the cells. Videographer: Obtain multiple usable takes of this because it will be reused in 3.8.3.
3.3. Resuspend 7.5 x 105 cells in 12 milliliters of stem-cell maintenance medium and 10 micromolar ROCK inhibitor [1]. Aspirate matrix from a T75 flask and transfer the cell suspension to the flask [2]. Shake the flask to distribute the cells and place it in the incubator [3]. Videographer: This step is difficult and important!
3.3.1. Talent resuspending the cells in the medium, with the medium container in the shot.
3.3.2. Talent adding the cells to the flask.
3.3.3. Talent shaking the flask, then placing it in the incubator.
3.4. Refresh the media every day for the next two days to remove ROCK inhibitor [1] and support growth of stem cell colonies [2-TXT]. On the third day [3-TXT], begin differentiation by changing the media to unconditioned medium [4]. Change the medium daily for the next 5 days [5-TXT].
3.4.1. Talent removing media from the cells.
3.4.2. LAB MEDIA:  Image 2.jpg. TEXT: Day -2
3.4.3. LAB MEDIA:  Image 3.jpg. TEXT: Day 0
3.4.4. Talent adding UM to the cells, with the UM container in the shot.
3.4.5. LAB MEDIA:  Image 4.jpg. TEXT: confluence after 2-3 days in UM
3.5. Six days after starting differentiation [1-TXT], selectively expand the endothelial cell population by switching to EC medium with 20 nanograms per milliliter bFGF and 10 micromolar retinoic acid [2]. Incubate the cells [3] for 2 days [4].
3.5.1. LAB MEDIA:  Image 5.jpg. TEXT: Day 6
3.5.2. Talent adding medium to the cells, with the medium container in the shot.
3.5.3. Talent putting the flask in the incubator and closing the door. Videographer: Obtain multiple usable takes of this because it will be reused in 3.6.3.
3.5.4. LAB MEDIA:  Image 6.jpg. TEXT: Day 8
3.6. Prepare collagen four and fibronectin solution according to manuscript directions and use it to coat cell culture plates and membrane inserts [1]. Aspirate the EC medium from the cells and add 12 milliliters of cell dissociation reagent [2]. Incubate the flask at 37 degrees Celsius until 90% of cells have detached [3]. Videographer: This step is difficult and important!
3.6.1. Talent coating the plate and inserts with the collagen IV solution. 
3.6.2. Talent adding dissociation reagent to the cells. 
3.6.3. Use 3.5.2.
3.7. During the incubation time, remove the coating solution from the previously prepared plates and inserts [1] and let them dry in a sterile hood [2-TXT]. Videographer: This step is difficult and important!
3.7.1. Talent removing the coating solution from the plates and inserts. 
3.7.2. Plate drying in the sterile hood. TEXT: ~ 20 minutes 
3.8. Once the cells have detached, use a 10-milliliter pipette to create a single cell suspension [1]. Transfer the cells to a 50-milliliter tube and dilute them with an equal volume of human endothelial serum free medium [2], then count the cells with a hemocytometer [3]. Videographer: This step is difficult and important!
3.8.1. Talent pipetting the cells up and down.
3.8.2. Talent transferring the cells to the 50mL tube and adding medium.
3.8.3. Use 3.2.3.
3.9. Pellet the cells at 1,500 x g for 10 minutes [1], then resuspend them in freshly prepared EC medium with bFGF and retinoic acid for a concentration of 2 million cells per milliliter [2]. Add 500 microliters of the cell suspension to the top of a 12-well insert [3] and 1.5 milliliters of medium to the bottom [4]. Videographer: This step is difficult and important!
3.9.1. Talent putting the cells in the centrifuge and closing the lid.
3.9.2. Talent resuspending the cells, with the medium container in the shot. 
3.9.3. Talent adding cells to the top of the insert.
3.9.4. Talent adding media to the bottom of the insert.
3.10. Distribute the cells evenly across the insert and incubate [1] the plate at 37 degrees Celsius and 5% carbon dioxide [2-TXT]. On the next day, change the media [3] to EC without bFGF or retinoic acid [4-TXT]. Videographer: This step is difficult and important!
3.10.1. Talent shaking the plate and then putting it in the incubator.
3.10.2. LAB MEDIA:  Image 7.jpg. TEXT: Day 9
3.10.3. Talent changing the media in the plate.
3.10.4. LAB MEDIA:  Image 8.jpg. TEXT: Day 10

4. Transendothelial Electrical Resistance (TEER) as a Measure of Barrier Tightness
4.1. Place the epithelial volt-ohm meter in the biosafety hood and connect the electrodes [1]. Disinfect the electrodes by submerging them in 70% ethanol for at least 5 minutes, then let them dry completely [2].
4.1.1. Talent placing the volt-ohm meter into the hood and connecting the electrodes.
4.1.2. Talent submerging the electrodes in ethanol.
4.2. Remove the cells from the incubator and immediately measure the transendothelial electrical resistance, or TEER, by placing the shorter electrode on top of the insert and the longer electrode into the medium surrounding the insert [1].
4.2.1. Talent measuring TEER.

5. Preparation of Bacteria and Infection of iPSC-BECs
5.1. On the day before the infection experiment, start an overnight culture of the bacteria from frozen stock. Streak Neisseria meningitidis onto Columbia agar with 5% sheep blood [1] and incubate it at 37 degrees Celsius and 5% carbon dioxide overnight [2].
5.1.1. Talent streaking bacteria onto a plate.
5.1.2. Talent putting the plate in the incubator and closing the door.

5.2. Alexandra Schubert-Unkmeir: Pathogenic bacteria such as Neisseria meningitidis have the potential to cause disease in humans. It is important to properly train individuals working with such microorganisms and always use best practices and wear proper PPE.

INTERVIEW: Named talent says the statement above in an interview-style shot. Videographer: Have talent look more directly at the camera compared to other interview statements because this is a warning.
5.3. On the next day, prepare fresh PPM-plus media according to manuscript directions and inoculate 10 milliliters of the media with the bacteria [1-TXT]. Incubate the culture at 37 degrees Celsius for 90 minutes while shaking at 200 rpm [2].  
5.3.1. Talent inoculating the PPM with bacteria. TEXT: PPM: Proteose Peptone Media
5.4. While the bacteria are incubating, replace the medium in the iPSC-derived brain endothelial cells [1]. Then, centrifuge the bacterial culture at 4000 x g for 10 minutes [2], aspirate the media [3], and resuspend the pellet in 250 microliters of PBS [4].
5.4.1. Talent replacing media in the iPSC-BEC plate.
5.4.2. Talent putting the tube with bacteria in the centrifuge and closing the lid.
5.4.3. Talent aspirating the media.
5.4.4. Talent resuspending the bacteria in PBS.
5.5. Adjust to an OD600 of approximately 0.4, which is roughly 1 x 108 colony forming units per milliliter. Dilute the bacteria to the desired multiplicity of infection with EC medium [1] and infect the cells with 100 microliters of the prepared bacterial suspension per well [2], then incubate the cells for the desired time of infection [3].
5.5.1. Talent diluting the bacteria with EC medium.
5.5.2. Talent adding bacteria to the wells with the BECs.
5.5.3. Talent putting the plate in the incubator and closing the door.



Results
6. Results: Upregulation of Cytokines by iPSC-BECs upon Infection with Neisseria meningitidis
6.1. When differentiated properly, the iPSC-derived brain endothelial cells exhibit tight barrier properties that are often greater than 2000-ohm centimeter squared [1] and endothelial markers such as VE-cadherin and CD31 [2].
6.1.1. LAB MEDIA: Figure 1 A.
6.1.2. LAB MEDIA: Figure 1 B and C.
6.2. Additionally, they express and localize the tight junction markers Claudin-5, Occludin, and ZO-1 (pronounce ‘zoh-one’) [1] as well as transporters such as Glut-1 [2]. 
6.2.1. LAB MEDIA: Figure 1 D – F.
6.2.2. LAB MEDIA: Figure 1 G.
6.3. Upon infection with Neisseria meningitidis, the cells upregulate neutrophilic proinflammatory cytokines such as CXCL8, CXCL1, CXCL2, CCL20, and IL6 [1].
6.3.1. LAB MEDIA: Figure 2.



Conclusion
7. [bookmark: _Hlk27388131]Conclusion Interview Statements

7.1. Leo M. Endres: When performing cell differentiation, daily maintenance and achieving the initial optimal seeding density when splitting the cells is critical.
 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.3.1. 

7.2. Brandon J. Kim or Leo M. Endres: Following the steps outlined here, researchers can collect a variety of samples to investigate many aspects of host-pathogen interaction from inflammatory responses to brain endothelial cell dysfunction. 	Comment by Anastasia Gomez: Authors: Please indicate in your post shoot notes who made this and the next statement. Also, please keep in mind that you will have to memorize them, so it is beneficial to decide in advance.

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

7.3. Brandon J. Kim or Leo M. Endres: The advent of brain endothelial cells derived from iPSCs has opened the doors for the brain barriers field to investigate a wide range of diseases where endothelial cells are compromised. As certain CNS pathogens are human specific, we demonstrate the use of a human based system with the human specific pathogen Neisseria meningitidis. 

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