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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
B.   Software Usage: Does your protocol include detailed descriptions of software usage? N

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 4.4-4.9
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  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.) Steps 4.6 and 4.8 are the most difficult. These steps are crucial to the formation of the 3D culture and preventing dislodging and damaging the gel.
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? N

1. Introduction (Experimental Goal and Author Interviews)
A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this 3D cell culture protocol is to model the glial scar event of the central nervous system using key indicator cells; microglia, astrocytes, and oligodendrocytes (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kyle Koss: This method can help answer key questions in the neuroinflammation field, such as the potential for glial cells to enhance regenerative strategies and unravel the glial scar.
1.2. Kyle Koss: The main advantage of this technique is that glial biology can be rapidly characterized in a 3D micro-environment with systematic and high-throughput manipulations.   
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) or the University Animal Policy and Welfare Committee (UAPWC) at the University of Alberta.
Protocol: (read by voice talent at JoVE)
2. Coverslip and Mold Preparation
2.1. To prepare coverslips for seeding, begin by adding 1 -milliliter of 3-tri-methoxy-silyl-propyl methacrylate to 49-milliliters of distilled water to make a 2% solution [1-MED]. 
2.1.1. Using a 1-milliliter syringe, talent removes 1-millilter of 3-(Trimethoxysilyl)propyl methacrylate from the source bottle and transfers it to a 50 mL centrifuge tube containing 49 mL water.  
2.2. Then place 18-millimeter glass coverslips into the solution [1-CU-TXT] and rock for 1 hour at room temperature [2-MED-over the shoulder-TXT]. 
2.2.1. Coverslips are placed into the tube containing the solution. TEXT: Up to 50 coverslips can be added at once.
2.2.2. Talent places the tube on a rocker and turns it on. 
2.3. After one-hour, rinse the coverslips by serially dipping each coverslip in three beakers of 100-milliliters deionized water [1-MED]. Then dry the coverslips in a vacuum with a desiccator and oven at 40 °C overnight [2-MED-over the shoulder]. 
2.3.1. Three beakers of water are in the hood/on the bench. Talent dips a cover slip in each of the beakers in turn and then places it on a tray (or whatever the lab usually uses). 
2.3.2. The tray/coverslip holder (with multiple cover slips visible) is placed in the vacuum dessicator.
2.4. The next day, use forceps to quickly immerse individual coverslips in 70% ethanol [1-MED].  Then, without drying, drop each coverslip into a well of a 12-well plate [2-CU].
2.4.1. Talent immerses a coverslip in a tray labeled 70% ethanol. 
2.4.2. The lid of the 12-well plate is lifted and the coverslip is placed in a well. 
2.5. Next, wash each well with 1-milliliter of sterile deionized water [1-MED-over the shoulder]. Then add 1-milliliter of sterile poly-L-lysine to each well [2-CU-TXT] and incubate at room temperature for a minimum of 2 hours [3-MED]. 
2.5.1. Talent at TC hood adding water to the wells of the 12-well plate and then aspirating the water from the wells. Shot will be edited for length. 
2.5.2. *film as written. TEXT: 2 µg /mL PLL. 
2.5.3. Talent places the lid on the plate and then gets up from the hood and walks out of shot. 
2.6. Following the incubation, aspirate the PLL solution and allow the coverslips to air dry [1-MED-over the shoulder].
2.6.1. Talent aspirates the solution from the wells of the plate and then leaves the lid ajar to dry the wells. 
2.7. Prepare PDMS molds by casting the premix reagents in a 10:1 ratio in a flat-bottomed polystyrene dish [1-MED-TXT] to yield a sheet approximately 1-millimeter thick [2-CU]. To form wells in the PDMS, cut the sheets with a circle punch with an inner diameter of 10 [3-ECU].
2.7.1. Talent stirs the premixed PDMS regents and then pours the liquid into the flat-bottomed polystyrene dish. TEXT: PDMS - Polydimethyl siloxane. 
2.7.2. The sheet is lifted from the dish. Video Editor may want to fade from 2.7.1. to this shot. 
2.7.3. The circle punch punches one or two holes in the PDMS sheet. 
2.8. Immerse the PDMS molds in 70% ethanol [1-MED]. Then place one mold on the center of each coverslip [2-MED-over the shoulder] and allow to air dry and create a seal between the mold and glass [3-CU].
2.8.1. Talent immerses the molds in a labeled container of 70% ethanol. 
2.8.2. Talent removing the molds from the ethanol one-by-one and placing them onto the coverslips. 
2.8.3. Shot of a mold in the well on the coverslip when dry. 
3. Preparation of Cells for Encapsulation
3.1. 24 hours before cell encapsulation, aspirate the medium from 2-week primary cultures [1-MED-over the shoulder-TXT] and add 1-milliliter of fresh medium to each well [2-CU]. 
3.1.1. Talent aspirating all of the medium from the wells of a 12-well plate. TEXT: See written protocol for details of primary culture and media formulations. 
3.2. On the day of cell encapsulation, prepare 12.5-milliliters of dilute trypsin, and 25-milliliters of medium for each 12-well plate [1-MED-TXT] and warm to 37 °C in a water bath [2-MED-over the shoulder].
3.2.1. Talent (wearing something different to show that a day has passed) adds medium to a labeled tube containing trypsin and to an empty 50 mL tube.  TEXT: 0.25% trypsin-EDTA diluted 30% with DMEM/F12 media. 
3.2.2. Talent places both tubes in the water bath.  
3.3. Then use a 10-milliliter serological pipette to add around 1-milliliter of dilute trypsin each well of the 12-well plate [1-MED-TXT]. Incubate for 20 to 30 minutes at 37 °C and 5% CO2 until the confluent cell layer detaches from the plate [2-MED-over the shoulder].
3.3.1. Talent at the TC hood pipettes 12-mL from the warmed tube of diluted trypsin and then adds 1 mL to each well of the 12-well plate. TEXT: 0.075% trypsin-EDTA. 
3.3.2. Talent opens the door of the TC incubator, places the 12-well plate inside and closes the door. 
3.4. After the incubation, use a 1-milliliter pipette to recover the detached cells, which should appear as a single, floating piece [1-CU], and transfer to a 15-milliliter conical centrifuge tube [2-MED]. Dilute with an equivalent volume of medium [3-CU], and centrifuge at 200 x g for 2 minutes at room temperature [4-MED-over the shoulder/MED]. 
3.4.1. A single, floating piece is aspirated from one well of the 12-well plate. 
3.4.2. Talent pipettes the cells into a 15 mL tube. 
3.4.3. Talent pipettes medium into the 15 mL tube which now contains all cells from the 12-well plate.  
3.4.4. Talent loads the 15 mL tube containing cells into the centrifuge (opposite a balance tube), closes the lid and starts the spin. Multiple takes, part of shot will be reused once. 
3.5. Following centrifugation, discard the supernatant [1-MED-over the shoulder] and resuspend the cell pellet in 10-milliliters of warm medium. Triturate the cells 5 times with the pipette [2-MED]. Then centrifuge again at 200 x g for 2 minutes [3-MED].
3.5.1. Talent aspirates supernatant. 
3.5.2. Talent pipettes from the bottle/tube of medium, dispenses the volume onto the cell pellet and then pipettes up and down 5 times. 
3.5.3. Use 3.4.4. Talent closing lid of centrifuge and starting the spin. 
3.6. After the spin, decant the supernatant [1-MED], re-suspend the cells in 5-milliliters of warm medium and transfer the cells to a 50-milliliter conical centrifuge tube [2-MED-over the shoulder]. 
3.6.1. Talent at TC hood decanting the supernatant. 
3.6.2. Talent pipettes from a labeled bottle/tube of medium, adds the medium to the cell pellet in the tube, resuspends the cells and then transfers the volume to a waiting 50 mL tube. 
3.7. Then, using a 10-milliliter syringe with an 18-gauge needle, triturate the cell solution 3 times [1-MED], and filter the suspension through a 40-micron cell sieve into a new conical centrifuge tube [2-CU]. 
3.7.1. Talent inserts the 18G needle attached to the 10 mL syringe into the cell suspension and then triturates the cell suspension three times.
3.7.2. Talent ejects the cell suspension onto a cell sieve over a conical tube. 
3.8. Next, collect 10-microliters of cell suspension, and dilute 1:100 in warm medium [1-MED], and count cells with an automated cell counter [2-MED-over the shoulder]. Incubate the remaining cells in a 37 °C water bath until the encapsulation step [3-MED].
3.8.1. Talent removes a 10-microliter aliquot of cell suspension and dispenses it into a tube containing medium to dilute. 
3.8.2. Talent at the cell counter operating the machine (can be filmed in mock, detail not required). 

3.8.3. Talent places the tube of cells in the water bath. 
4. Cell Encapsulation
4.1. Warm 12.5-milliliters of naïve medium and 12.5-milliliters of conditioned medium for each planned 12-well plate of 3D hydrogels [1-MED-over the shoulder-TXT].
4.1.1. Talent walks into show carrying two tubes of medium and places them both in the water bath next to the tube of cell suspension. TEXT: Collected during cell preparation 
4.2. Then weigh 7 milligrams of HAMA (pronounced as: hama (ham - mah)) per planned 12-well plate [1-MED], and add to sterile filtered PBS for a concentration of 2% weight for volume [2-CU-TXT]. Sonicate the solution for 60 minutes at 20 kH until HAMA is fully dissolved [3-MED]. 
4.2.1. Talent weighing the HAMA. TEXT: Methacrylated hyaluronic acid. 
4.2.2. Talent adds the powder to a pre-aliquoted volume of PBS. TEXT: 12-well plate = ~ 350 μL PBS with 7 mg HAMA. 
4.2.3. Talent places the tube into the sonicator bath (in an appropriate tube holder) and turns it on. 
4.3. While sonicating, prepare individual 10% solutions of both TEA and NVP [1-MED-TXT]. Also, prepare a 1-millimolar solution of Eosin in 1-milliliter aliquots of sterile PBS [2-MED-over the shoulder]. 
4.3.1. Talent at the hood with the containers of the chemicals with the labels visible. Talent is weighing Eosin one of the chemicals. TEXT: Triethanolamine and 1-vinyl-2-pyrrolidinone. 
4.3.2. Talent adding Eosin to an aliquot of sterile PBS. The PBS turns vivid red. 
4.4. Then, for each 12-well plate, make a final 1.4 milliliter mixture of 1x107 cells, 0.5% HAMA, 0.1% TEA, 0.1% NVP, 0.01 mM Eosin Y, and 20% basal lamina mixture in PBS [1-BROLL].
4.4.1. Talent at the TC hood with all of the components required for the solution in view. Talent adds the cell suspension to a tube containing PBS and then adds some of the other solutions. 
4.5. After gently mixing the solution [1-MED], use a pipette fitted with a 1-milliliter tip to dispense 100-microliters into each PDMS mold [2-CU].
4.5.1. Talent finishes gently mixing the solution. 
4.5.2. Talent draws up the solution from 4.4.1 into a pipette fitted with a 1 mL tip and then pipettes the volume into a mold. 
4.6. Then expose the samples to a high intensity green LED light in an enclosed box for 5 minutes at room temperature [1-MED-over the shoulder-TXT].
4.6.1. Talent places the samples into a box, closes it and starts the light exposure. TEXT: ~520 nm, 60 mW. 

4.7. Kyle Koss: The five-minute green LED exposure is essential to form the 3D gel. The red color introduced by the Eosin Y will become transparent and indicate the termination of the reaction [1-INT].
4.7.1. Named Talent speaks the above text to camera. 

4.8. Next, add 1-milliliter of warm conditioned DMEM/F12 to each well of a 12-well plate [1-BROLL].
4.8.1. Talent pipetting from a bottle of DMEM/F12 medium and dispensing 1 mL volumes into a 12-well plate. Please also get some footage where the empty wells of the plate cannot be seen as footage will also be used to cover 4.11.1. 
4.9. Grasp each coverslip between thumb and forefinger [1-CU], and use curved tweezers to slowly peel off the PDMS mold without displacing the gel [2-ECU]. Place the mold into a well with conditioned medium [3-CU].
4.9.1. *film as written. 
4.9.2. *film as written. 
4.9.3. *film as written. 

4.10. Kyle Koss: Removing the mold is the most challenging step. It should be done with utmost care to prevent dislodging the gel and fracturing the coverslip. This may take practice [1-INT].
4.10.1. Named Talent speaks the above text to camera. 
4.11. After all molds have been transferred to the wells of the plate, add an additional 1-milliliter of warm DMEM/F12 medium to each well [1-BROLL].
4.11.1. Use 4.81. Talent adding medium to the plate. 
4.12. Incubate plates at 37 °C with 5% CO2 for 2 weeks before imaging [1-WIDE-TXT]. 
4.12.1. Talent places the plate into the TC incubator, closes the door and walks out of shot. TEXT: Each week remove 1 mL of medium and replace with 1 mL fresh DMEM/F12. 
5. Results: Confocal Microscopy of 2D and 3D Mixed Cultures 
5.1. In 2D adherent culture, as on PLL-coated glass coverslips, oligodendrocytes, shown in green, typically appear round and form small networks usually connecting with lightly labeled GFAP processes [1-LM]. 
5.1.1. LAB MEDIA: 56616_Todd_Figure3_Aii. Show figure. 
5.2. In the 3D HAMA culture, oligodendrocytes appear in clusters having branched off into smaller spheres [1-LM]. 
5.2.1. LAB MEDIA: 56616_Todd_Figure3_Bii. Show figure. 
5.3. Microglia, shown in red, are smaller than other cells and have small branching processes that do not extend far from their cell bodies as shown in this 2D culture [1-LM]. 
5.3.1. LAB MEDIA: 56616_Todd_Figure3_Ai. Show figure. 
5.4. Astrocytes, shown in yellow, were more diversely shaped, some having a radial morphology with smaller cell bodies and extensive thin, branching processes, while others were fibrous with a flattened appearance and few broad processes that coat the surface [1-LM]. 
5.4.1. LAB MEDIA: 56616_Todd_Figure3_Aii. Show figure. 
5.5. In 3D culture, microglia were round with few processes, and astrocytes were either rounded or branched off radially into networks from a single cluster [1-LM].
5.5.1. LAB MEDIA: 56616_Todd_Figure3_Bi. Show figure. 
5.6.  Generally, these cells appeared to have outgrown from single points or remain in areas of the HAMA without contacting other cells, which is suggestive of limited mobility through the matrix [1-LM]. 
5.6.1. LAB MEDIA: 56616_Todd_Figure3_Bii. Show figure. 
5.7. When basal lamina was added to the photo-polymerization mixture, all glial subtypes integrated with the 3D platform, and formed more extensive, interactive branched structures [1-LM]. 
5.7.1. LAB MEDIA: 56616_Todd_Figure3_Ci. Show figure. 
5.8. Green oligodendrocytes extended processes radially, and additionally appeared to extend processes along the thin interconnected networks of yellow astrocyte processes branching throughout the scaffold. Red microglia were dispersed among these cell networks, having spread out with thin processes more consistent with their morphology in tissue [1-LM]
5.8.1. LAB MEDIA: 56616_Todd_Figure3_Cii. Show figure unless possible to enhance the colors of the cells as mentioned in time with the narration. 
6. Conclusion (said by authors on camera)
6.1. Kyle Koss: While attempting this procedure, it’s important to remember to prepare coverslips and PDMS molds, synthesize HAMA, culture glia cells, and collect conditioned medium before the day of polymerization.
6.2. Kyle Koss: Following this procedure, other methods like biomaterial insertion can be performed in order to answer additional questions related to the biocompatibility of implantable devices.
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, .eps, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions are included in the email accompanying the finalized script.
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