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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. Does your protocol include software usage? 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.)
3.1.1.	Talent cutting the culture insert. 
3.1.2.	Talent placing the insert in the center of the dish and fixing it to the surface by pressing on it. 
3.2.1.	Talent turning the dish upside down and marking it with the marker. 
4.1.2 Talent seeding cells in the one-well culture insert.
4.3.1    Talent using the microscope to check cells. 
4.4.1    Talent removing insert with Tweezers
5. Will the filming need to take place in multiple locations? No 
If yes, how far apart are the locations? 


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. Debkanya Datta: This protocol describes three in-vitro assays that collectively assess the functions of human periventricular endothelial cells and their interaction with human GABAergic interneurons. Results from these assays will provide critical insight into the link between periventricular endothelial cells and brain disorders.

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

1.2. Debkanya Datta: These assays are simple, low cost and allow measurement of cell migration in the range of centimeters, which is not achieved by other existing assays. 

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


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


1.1. Debkanya Datta: Defects in migration and distribution of GABAergic interneurons are associated with psychiatric disorders such as autism, epilepsy, schizophrenia and depression. Therefore, it is critical to study the interaction of periventricular endothelial cells with GABAergic interneurons in human context to address the pathogenesis of these disorders.

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



Section - Protocol
2. Preparation of Human Cells for Assay  
2.1. Begin by preparing human cells for the assay [1]. Allow human periventricular endothelial cells to reach 70 to 80% confluency [2], then dissociate them according to manuscript directions and count them using the trypan blue exclusion method [3]. 
2.1.1. WIDE: Establishing shot of talent walking to the cell incubator.
2.1.2. Talent taking cells out of incubator and inspecting them. 
2.1.3. Talent counting cells. Videographer: Obtain multiple reusable takes of this shot because it will be reused. 
2.2. To prepare human GABAergic (pronounce ‘gaba-ergic’) interneurons, warm cell dissociation solution and an aliquot of neuronal medium at 37 C for 10 minutes [1]. Then, aspirate medium from each well containing the cells [2] and wash them with 1 milliliter of PBS per well [3]. 
2.2.1. Cell dissociation solution and neuronal medium warming in a 37°C water bath . Videographer: Obtain multiple reusable takes of this shot because it will be reused. This step will be repeated with different cell media, so please avoid focusing on tube/bottle labels. 
2.2.2. Talent aspirating medium from a few wells. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.2.3. Talent adding PBS to a few wells. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.3. Detach the cells by adding 0.5 milliliters of pre-warmed dissociation solution per well [1] and incubating them at 37 C for 5 minutes [2]. After the incubation, add 1 milliliter of neuronal medium per well [3] and transfer the cell solution into a 15-milliliter conical tube, gently triturating to dissociate cell lumps [4]. 
2.3.1. Talent adding dissociation medium to cells. 
2.3.2. Talent putting plate in the incubator. 
2.3.3. Talent adding neuronal medium to a few wells. 
2.3.4. Talent transferring the cell solution to the conical tube and triturating the cells. Author comment: This shot was taken two ways.1): I DO NOT wash the wells with cell solution before  transfering to conical tube. 2) I WASH the wells with cell solution during transfering to conical tube. Please take the shot #2) in which I WASH the wells during transfer.  

2.4. Centrifuge the cells at 380 x g for 5 minutes at room temperature [1], aspirate the supernatant [2], and resuspend the cell pellet in 1 milliliter of neuronal medium [3]. Then, count the live cells using trypan blue exclusion [4]. 

2.4.1. Talent putting tube in the centrifuge and starting it. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.4.2. Talent aspirating the supernatant. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.4.3. Talent resuspending the cell pellet. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
2.4.4. Use 2.1.3. 

2.5. Prepare control human endothelial cells by warming the cell dissociation solution and an aliquot of endothelial medium at 37 C 10 minutes prior to use [1]. Aspirate medium from each well [2] and wash them with 1 milliliter of PBS per well [3].

2.5.1. Use 2.2.1. 
2.5.2. Use 2.2.2.
2.5.3. Use 2.2.3.

2.6. Detach the cells by adding 0.5 milliliters of the pre-warmed dissociation solution to each well and incubating the plate at room temperature for 5 minutes [1]. Then, add 1 milliliter of endothelial cell medium per well to neutralize the dissociation solution [2] and transfer the cells to a 15-milliliter conical tube [3]. 

2.6.1. Talent adding dissociation solution to a few wells and leaving the plate to incubate at room temperature. 
2.6.2. Talent adding endothelial cell medium to a few wells. 
2.6.3. Talent transferring cells into conical tube. 

2.7. Centrifuge the cells at 200 x g for 5 minutes [1], aspirate the supernatant [2], and resuspend the cells in 1 milliliter of endothelial cell medium [3]. Then, use the trypan exclusion method to count the cells [4]. 

2.7.1. Use 2.4.1.
2.7.2. Use 2.4.2.
2.7.3. Use 2.4.3.
2.7.4. Use 2.1.3.

3. Preparation of One-Well Culture Inserts 
3.1. Prepare one-well culture inserts by cutting three sides of one well of a two-well silicone culture insert with a sterile blade [1]. Remove the insert with sterile tweezers and place it in the center of a poly-L-ornithine and Laminin coated dish, then use the tweezers to press along the edge of the insert to fix it to the surface [2]. Videographer: This step is important!
3.1.1. Talent cutting the culture insert. 
3.1.2. Talent placing the insert in the center of the dish and fixing it to the surface by pressing on it. 
3.2. Carefully turn the dish upside down to verify that the insert is firmly adhered and mark the boundary of the insert compartment using a permanent black marker with an ultra-fine tip [1]. Videographer: This step is important!
3.2.1. Talent turning the dish upside down and marking it with the marker.
3.2.2. [Added shot]: Talent holding the dish upside down to show the final marked boundary.    

4. Long Distance Migration Assay
4.1. Suspend human GABAergic interneurons in neuronal medium and human periventricular endothelial cells in endothelial cell medium at a concentration of 30 thousand per 70 microliters [1], then seed 70 microliters of the cell solution inside each one-well culture insert [2]. Videographer: This step is important!
4.1.1. Talent resuspending cells. 
4.1.2. Talent seeding cells in the one-well culture insert.
4.2. Add 1 milliliter of neuronal medium to the neuron dish to fill the area around the insert and prevent the coating from drying [1]. Similarly, add 1 milliliter of endothelial cell medium to the periventricular endothelial cell dish [2]. 
4.2.1. Talent adding medium to neuron dish. 
4.2.2. Talent adding medium to periventricular endothelial cell dish. 
4.3. Check the cells under a microscope to verify that they are not leaking from the insert compartment [1], then incubate them at 37 C and 5% carbon dioxide for 24 hours [2]. After the incubation, check the cells again under the microscope to verify that they have properly attached [3]. Videographer: This step is important!
4.3.1. Talent using the microscope to check cells. 
4.3.2. Talent putting cells in the incubator. 
4.3.3. Talent bringing the cells to the microscope. Videographer: Obtain multiple reusable takes of this shot because it will be reused.

4.4. Forty-eight hours after seeding, gently remove the insert with sterile tweezers [1] and check the cells under the microscope to verify that the cell layer remains undisturbed [2]. Remove the medium from both the neuron and the periventricular endothelial cell dishes [3] and add 1 milliliter of fresh medium to each dish [4]. Videographer: This step is important!

4.4.1. Talent removing insert with tweezers. 
4.4.2. Use 4.3.3. 
4.4.3. Talent removing medium from one dish. 
4.4.4. Talent adding fresh medium to the dish.  

4.5. Incubate the cells at 37 C and 5% carbon dioxide for 5 days [1]. Then, remove the medium [2], fix the cells with 4% PFA for 10 minutes [3], and wash them 3 times with PBS [4].

4.5.1. Cells incubating. 
4.5.2. Talent removing medium. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
4.5.3. Talent adding PFA to cells. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
4.5.4. Talent washing cells with PBS. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
5. Co-culture Migration and Chemo-Attraction Assays

5.1. To perform the co-culture assay, suspend 30 thousand GABAergic interneurons and 30 thousand human periventricular endothelial cells in 70 microliters of co-culture medium [1], then seed this cell solution inside a one-well insert compartment [2]. 

5.1.1. Talent resuspending the two types of cells in the same tube. 
5.1.2. Talent seeding the cells in the one-well insert compartment. 

5.2. After forty-eight hours, remove the insert . Incubate the co-culture at 37 C and 5% carbon dioxide for 5 days [1]. After the incubation, remove the medium [2], fix the cells with 4% PFA [3], and wash them 3 times with PBS [4].
Author comment: 5.2: Mentioning the removal of the insert is necessary here. But this additional voice-over statement is not clubbed with an action shot. I think its OK, as we have shown the action of removing the insert in  4.4.1 Let me know what you think.
5.2.1. Talent putting the cells into the incubator. Videographer: Obtain multiple reusable takes of this shot because it will be reused.
5.2.2. Use 4.5.2. 
5.2.3. Use 4.5.3. 
5.2.4. Use 4.5.4.

5.3. To perform the chemo-attraction assay, place a three-well culture insert in the center of a poly-L-ornithine and Laminin coated 35-millimter dish [1], turn the dish upside down, and mark the boundary around the middle compartment of the insert  using a permanent marker with an ultra-fine tip [2]. 

5.3.1. Talent placing the three-well culture insert in the dish.
5.3.2. Talent turning the dish upside down and marking it.
5.3.3. [Added shot]: Talent holding the dish upside down to show the final marked boundary.  

5.4. Seed 30 thousand GABAergic interneurons in 70 microliters of neuronal medium in the middle compartment [1], then seed 10 thousand periventricular endothelial cells and 10 thousand control endothelial cells in 70 microliters of their respective medium in the two outer compartments [2].  

5.4.1. Talent seeding cells into the middle compartment. 
5.4.2. Talent seeding cells into the two outer compartments. 
[bookmark: _GoBack]
5.5. After forty-eight hours, remove the insert. Add 1 milliliter of co-culture medium along the side of the dish to prevent the coating on the dish from drying [1] and incubate the cells at 37 C and 5% carbon dioxide for 36 hours [2]. After the incubation, remove the medium, fix the cells [3], and wash them 3 times with PBS [4].
Author comment: 5.5: Mentioning the removal of the insert is necessary here. But this additional voice-over statement is not clubbed with an action shot. I think its OK, as we have shown the action of removing the insert in  4.4.1 Let me know what you think.
5.5.1. Talent adding co-culture medium to dish. 
5.5.2. Use 5.2.1. 
5.5.3. Use 4.5.3. 
5.5.4. Use 4.5.4. 


Section – Results
6. Results: Migration and Chemo-Attraction Assays  
6.1. Long distance and co-culture migration assays were used to investigate the interactions between periventricular endothelial cells and GABAergic neurons [1]. In the long-distance migration assay, cells started out as a rectangular patch on Day 0 [2], but by 48 hours they had migrated out into the cell free space [3]. 
6.1.1. Figure 2.
6.1.2. Figure 2. Video Editor: Zoom in on C and D and emphasize C. 
6.1.3. Figure 2 C and D. Video Editor: Emphasize D. 
6.2. Immunocytochemical staining with anti-active Caspase 3 antibody, a marker of apoptosis, showed no apoptotic signal in the seeded neurons [1-TXT].
6.2.1. Figure 2 E. TEXT: β-tubulin = red; active Caspase 3 = green
6.3. In the co-culture migration assay, when interneurons were co-seeded with human periventricular endothelial cells [1], neurons travelled farther distances compared to when interneurons were seeded alone [2] or when co-seeded with control endothelial cells [3]. 
6.3.1. Figure 2 F. Video Editor: Emphasize the red bars when VO says ‘interneurons were co-seeded with human periventricular endothelial cells’.
6.3.2. Figure 2 F. Video Editpor: Emphasize the light grey bars when VO says ‘when interneurons were seeded alone’.
6.3.3. Figure 2 F. Video Editor: Emphasize the dark grey bars. 

6.4. In the chemo-attraction assay, a significantly higher number of interneurons migrated towards periventricular endothelial cells compared to control endothelial cells, confirming that GABAergic interneurons respond selectively to chemo-attractive cues secreted by periventricular endothelial cells [1].

6.4.1. Figure 3 B and C. Video Editor: Emphasize the right-hand image in B (towards PV ECs) and the brown bar in C when VO says ‘towards periventricular endothelial cells’ and the left hand image in B (towards control ECs) and yellow bar in C when VO says ‘control endothelial cells’. 




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

7.1. Debkanya Datta: When attempting this procedure, it is important to fix the insert firmly on the dish and keep it undisturbed throughout the assay. Otherwise, it may lead to cell leakage, cell detachment, or misalignment of the insert with the drawn boundary. 

7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera. Suggested B-roll: 3.1.2; 3.2.1
7.2. Debkanya Datta: These assays can be modified using ligands, inhibitors or siRNAs to gain mechanistic insights into interaction of human periventricular endothelial cells with human interneurons. They can also be used to study the interaction of human perivenitricular endothelial cells with other neural cells, as reported by our group and others. 

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

7.3. Debkanya Datta: Our work has indicated cell autonomous role of human periventricular endothelial cells in pathogenesis of psychiatric disorders like schizophrenia, epilepsy and autism. These assays will allow assessment of ‘diseased” periventricular endothelial cells derived from patients with these disorders. 

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




 2019, Journal of Visualized Experiments	Page 10 of 10
image1.png




