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A.  Will you require JoVE to record video microscopy through a microscope? N
B.   Does your protocol include descriptions of software usage? N 

C.  Which individual steps (not sections) of your protocol will viewers benefit most from having filmed? 2.1.-2.5., 3.1.-3.13.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  2.2 (2.2.1 & 2.2.2)

E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to culture thymic medullary epithelial cells, or mTECs (Pronounce: em-tecks), in a three-dimensional organotypic culture, or OTC (Pronounce: O-T-C), system. (Intro) This is accomplished by first placing the fibrous scaffold material into a 12-well filter insert, (P1) followed by the layering of a freshly-prepared fibrin gel containing human skin fibroblasts. (P2) After 4-5 days of pre-culture, the mTECs are seeded onto the scaffold and cultured under submerged culture conditions. (P3) Ultimately, immunohistochemistry, RNA isolation and FACS can be performed on the co-cultures to assess the development of the seeded mTECs. (P4)
From JoVE Graphic figure.ai
(P1) show well and insert, then have fibers (“Scaffold” from schematic) enter filter (like second insert image)
(P2) have yellow/orange cells appear and enter insert (like 3rd scaffold image)
(P3) have medium fill well and insert (like 4th scaffold image), then layer mTECs on top of cell/fiber scaffold (like 5th scaffold image)
(P4) Pinto Fig3.pdf

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Sheena Pinto: The main advantage of this technique over existing methods, like using 2D culture systems, is that 3D OTCs are superior in recapitulating mTEC proliferation, differentiation and maintenance of promiscuous gene expression.   

1.2. Sheena Pinto: Demonstrating the procedure will be Iris Martin, a technician from our collaborator laboratory. 

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. 3D Organotypic co-cultures (OTCs)
2.1. When the human dermal fibroblasts reach confluency [2.1.1.-LM], prepare the scaffold fibers by boiling, drying and ironing the 0.4-0.6 mm thick pieces of viscose, non-woven fibrous material [2.1.2-MED]. When the fibers have cooled, use a metal hole punch to cut them into 11 mm circles [2.1.3.-CU]. Place the cut fibrous material between two slides [2.1.4.-MED], wrap the slides in foil, and autoclave them [2.1.5.-CU].

2.1.1. Human Skin Fibis.tif

2.1.2. Shot of fibers being ironed

2.1.3. Shot of one circle being cut 
2.1.4. Talent placing at least one piece of fiber between 2 slides 
2.1.5. Few seconds Talent wrapping at least one fiber/slide “sandwich”

2.2. Once sterilized, place inserts into wells of a sterile 12-well plate [2.2.1.-CU] and then each scaffold into a corresponding insert [2.2.2.-CU].

2.2.1 and 2.2.2 switched order
2.2.1. Shot of one scaffold being placed into insert
2.2.2. Shot of one filter being placed into one well of 12 well plate

2.3. Next, mix 2.7x105 fibroblasts in 100 microliters of fetal calf serum into 100 microliters of freshly diluted thrombin per scaffold [2.3.1.-CU-TXT].
2.3.1. Fibroblast being dispensed then mixed 1-2 times, with fibroblast and thrombin container labels visible in frame if possible (TEXT: See text for all media/reagent preparation details)

2.4. Dispense the thrombin-fibroblast mixture onto each of the scaffolds [2.4.1.-CU], followed by 200 microliters of freshly diluted fibrinogen [2.4.2.-CU]. Then mix the cell mixture within each well, distributing the solution evenly over the whole scaffold with gentle pipetting [2.4.3.-CU-TXT].
2.4.1. Thrombin-fibroblasts being dispensed onto at least one scaffold

2.4.2. Fibrinogen being dispensed onto at least one scaffold, with fibrinogen container label visible in frame if possible 
2.5. [moved to 2.4] Then mix the cell mixture within each well, distributing the solution evenly over the whole scaffold with gentle pipetting [2.5.1.-CU-TXT].

2.5.1. [Now 2.4.3] Few seconds Talent mixing gel in one well and few seconds solution being evenly distributed (TEXT: Day 1)
2.6. [Now 2.5] Prepare a test gel in a control well without a scaffold to track the time and formation of the clots at this time as well [2.5.1.-LM]. Assess the clot formation using a pipette tip or by inverting the plate [2.5.2.-CU/MED].
2.6.1. [Now 2.5.1] Human Skin Fibis in fibrin gel.tif. 

2.6.2. [Now 2.5.2] *Film as written

3. mTEC co-culture
3.1. After the fibroblasts have clotted, submerge the organ cultures in medium supplemented with L-ascorbic acid and TGF-beta1 (Pronounce: T-G-F-beta-one) for four to five days [3.1.1.-WIDE-TXT]. 

3.1.1. Talent adding medium to at least one well (TEXT: Change medium every other day)

3.2. On the day of the mTEC seeding, replace this medium with rFAD (Pronounce: R-F-A-D) medium containing 500 units/ml aprotinin to prevent precocious fibrinolysis [3.2.2.-CU-TXT].

3.2.1. rFAD being added to at least one well, with rFAD container label visible in frame if possible (TEXT: Day 5-6)

3.3. Seven to eight hours later, seed 2.5x105 mTECs suspended in 100 microliters of rFAD onto the top of each scaffold [3.3.1.-CU] and incubate the co-cultures for 24 hours [3.3.2.-MED].

3.3.1. mTECs being added to at least one well, with mTEC container label visible in frame if possible

3.3.2. Talent placing culture into incubator

3.4. The next day, replace the medium with fresh medium containing 250 units/ml of aprotinin for 4-7 more days of culture [3.4.1.-MED-TXT].

3.4.1. Talent adding medium to at least one well, with medium container label visible in frame if possible (TEXT: Day 8-12)

3.5. To assess the development of the mTECs by immunohistochemistry, at the end of the culture, use a pair of forceps to separate the scaffold-dermal equivalent from the filter of each well insert [3.5.1.-CU] and embed the OTCs in OCT compound [3.5.2.-CU].
3.5.1. Few seconds scaffold being separated from filter

3.5.2. *Film as written 

3.6. Then freeze the embedded OTCs in liquid nitrogen [3.6.1.-CU].

3.6.1. One OTC being frozen in LN2
3.7. To isolate the OTC RNA, after separating the scaffold tissue from the filters [3.7.1.-MED], use a scalpel to cut the OTCs into pieces [3.7.2.-CU] and transfer the pieces into a 2 ml RNase free tube containing 1 ml of denaturing solution [3.7.3.-CU].
3.7.1. Shot Talent separating scaffold from filter

3.7.2. Few seconds tissue being cut into pieces

3.7.3. At least one tissue being placed into tube containing denaturing solution.
3.8. Using a FastPrep instrument, mechanically shred the OTCs twice at a speed of 6.0 for 30 seconds each time [3.8.1.-CU/MED], with a 2 minute rest period on ice between each shredding [3.8.2.-MED].
3.8.1. Few seconds OTC being shredded OR Talent loading tube onto FastPrep

3.8.2. Talent placing tube on ice
3.9. Then isolate the RNA using acid guanidinium thiocyanate-phenol-chloroform extraction as described by the manufacturer [3.9.1.-MED].
3.9.1. Talent taking a few reagents, then opening/reading directions
3.10. To analyze the OTCs by flow cytometry, remove the membrane and separate the scaffold from the fibrin/fibroblast/mTEC gel [3.10.1.-MED] and then finely cut the gel with a scalpel as just demonstrated [3.10.2.-MED-over the shoulder]. 
3.10.1. Shot Talent removing membrane and separating scaffold from filter and fibrous membrane fibrin/fibroblast/mTEC gel. 
3.10.2. Few seconds Talent cutting tissue
3.11. Transfer the tissue into a FACS tube containing 2 ml of collagenase-dispase [3.11.1.-MED]. Then place the tube in 37°C in a water bath with magnetic stirring for 20 minutes [3.11.2.-CU], agitating by Pasteur pipette once every 5 minutes [3.11.3.-CU].
3.11.1. A Talent adding at least one piece into tube
3.11.1.B [added] Talent adding 1 ml of Collagenase/Dispase to the tube

3.11..C [added] Talent rinsing the Petri plate where the gel was cut, with an additional 1 ml of Collagenase/Dispase.
3.11.2. Few seconds tissue being stirred by magnet in bath
3.11.3. Few seconds tissue being agitated by pipette (Bruno: different shot values to choose from)
3.12. When the tissue is completely digested, filter the resulting cell suspension through a 70 micrometer strainer [3.12.1.-CU] and stain the cells using the appropriate antibodies [3.12.2.-MED-TXT].
3.12.1. Above shot cells/tissue being strained
3.12.2. Talent adding at least one antibody to at least one tube, with antibody container labels visible in frame if possible (TEXT: See text for antibody staining protocol details)
4. Results: Growth patterns and proliferation of mTECs within the OTCs
4.1. As illustrated, the mTECs can be identified by their keratin 14 expression [4.1.1.-LM], making them easily distinguished from the vimentin-positive fibroblasts [4.1.2.-LM]. 

4.1.1. Figure 3 a and b.ai: Please indicate some red staining in both images

4.1.2. Figure 3 a and b.ai: Please indicate some green staining in both images
4.2. Interestingly, the immature and mature mTECs exhibit different, but highly reproducible, growing patterns in culture. The immature CD80lo mTECs, for example, typically form bi-layers in close contact with the fibroblasts [4.2.1.-LM], while the CD80hi mTECs tend to form compact cell aggregates delimited by the fibroblasts [4.2.2.-LM].

4.2.1. Figure 3 a and b.ai: please highlight the left image and indicate the two layers of red staining and the green staining in between

4.2.2. Figure 3 a and b.ai: please highlight the right image and indicate/outline the area of red staining
4.3. The mTEC subsets do not just survive but proliferate under the demonstrated 3D OTC conditions, as evidenced by their EdU incorporation [4.3.1.-LM]. Interestingly, the CD80lo mTECs proliferate at a higher rate in the presence of RANKL (Pronounce: rankle) [4.3.2.-LM], while the reverse is true for CD80hi mTECs [4.3.3.-LM].

4.3.1. Fig 3 c and d.ai: please indicate some red staining in both images

4.3.2. Fig 3 c and d.ai: please indicate left image (TEXT: RANKL: Receptor activator of nuclear factor kappa-B ligand), 
4.3.3. Fig 3 c and d.ai: please indicate right image

5. Conclusion (said by authors on camera)
5.1. Iris Martin: After watching this video, you should have a good understanding of how to culture mTECs using 3D OTCs, a far superior method to using 2D culture systems in terms of TEC differentiation and pGE maintenance and induction, with the potential for studying or manipulating several TEC parameters.
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.  

Pinto Fig2.pdf

Pinto Fig3.pdf

Figure 3 a and b.ai

Figure 3 c and d.ai

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, as well as an introduction to your videographer, closer to your filming date.
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