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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.) _2.2, 2.3, 2.4, 3.2, 4.1, 4.2.__________________________________________
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.) __3.2, (_not mixing the cells well in suspension before seeding on constructs will lead to cells clumping and contraction of the ECM, this can be avoided by ensuring proper homogenous cell mixing. 4.1(__not allowing at least 24hrs before initiation will not ensure proper growth of the Neuroblastoma cells on top of the HCF assembled ECM._____________________
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 protocol is to investigate the cellular interactions between human corneal stromal cells and neuronal cells in their natural extracellular matrix. The protocol can be expanded to study corneal diseases and dystrophies such as Keratoconus, Diabetic keratopathy, and Fuchs dystrophy (Intro). 
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Dimitrios Karamichos: This method can help answer key questions in the human cornea biology field, by identifying the underlying mechanisms and defects in the stromal-nerve interactions, during a specific corneal disease or dystrophy. 
1.2. Dimitrios Karamichos: The main advantage of this technique is that cells are allowed to secrete their own extracellular matrix, in vitro, that provides a better and more accurate model of the actual human corneal tissue in vivo.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Rabab Sharif: The implications of this technique extend toward therapy of corneal diseases because assessment of cell-cell and cell-ECM interactions will ensure accurate representation of the corneal tissue and allow a more targeted drug development.  

1.4. Tyler G Rowsey: Though this method can provide insight into corneal nerve damage and regeneration, it can also be applied to other systems, such as drug screening and development.

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at (University of Oklahoma Health Sciences center). All parts of this protocol met the tenets of the declaration of Helsinki.
Protocol: (read by voice talent at JoVE)
2. Isolation of Primary Cells

2.1. Upon receipt of human cornea tissue samples [1-WIDE], transfer the tissues into a 21.5 square centimeter dish containing 2-milliliters of sterile Dulbecco’s phosphate-buffered saline [2-MED]. 
2.1.1. Talent enters shot carrying the cornea samples in a suitably marked box or ice bucket (human sample stickers etc.) and approaches/sits down at the TC hood. 
2.1.2. Working in the TC hood, the samples are transferred from the carrying vessel to the TC dish containing DPBS. 
2.2. Position the cornea dome face-up [1-ECU]. Then and use a razor blade at a 45° angle to scrape off the epithelial layer [2-CU]. 
2.2.1. A cornea is flipped so that the dome is face up. 
2.2.2. *film as written. 
2.3. Next, flip the cornea dome face-down [1-CU] and thoroughly scrape off the endothelium from the stroma [2-MED]. Wash the stromal tissue with DPBS [3-MED-over the shoulder]. 
2.3.1. The scraped cornea is flipped so that the dome is face down. 
2.3.2. The endothelium is scraped using a razor blade at a 45° angle. 
2.3.3. Talent pipettes DPBS into the dish of tissue (washes the tissue with DPBS in the usual manner). 
2.4. Keep the stromal pieces wet with DPBS [1-CU] and use a number 10 surgical blade to cut the stromal tissues into small pieces [2-CU]. Use sterile forceps to transfer the stromal pieces into a T25 culture flask without media [3-MED-over the shoulder-TXT]. Allow the explants to adhere to the bottom of the flask at 37 °C for about 30 to 40 minutes [4-MED]. 
2.4.1. Some DPBS is aspirated from the dish leaving a little to wet the tissue. Alternatively, a little DPBS is added to the tissue samples. 
2.4.2. The tissue pieces are cut as described. Videographer please film the whole process and shot can be edited for length (Video editor – a time lapse showing the beginning and end of the cutting would be ideal).
2.4.3. Talent picks up sterile forceps and then repeatedly transfers tissue from the dish to a T25 culture flask. TEXT: 4 or 5 pieces of 2 x 2 mm tissue per flask. 
2.4.4. Talent puts the flask/flasks into the TC incubator and closes the doors. 
2.5. Rabab Sharif: After precisely cutting the stromal tissue, carefully transfer the flasks to the incubator. It is important to allow 30 to 40 minutes and then add media slowly, this step is critical to allow complete adherence of the explants and prevent their detachment [1-INT].
2.5.1. Named Talent speaks the text to camera. 
2.6. Once adhered, slowly add Eagle’s minimum essential medium containing 10% fetal bovine serum and 1% Antibiotic/Antimycotic [1-MED-over the shoulder] to the flask without disturbing the explants [2-CU]. 
2.6.1. Talent pipettes from the clearly labeled bottle/tube containing the medium and moves the pipette containing the medium to the neck of the flask. 
2.6.2. The medium is pipetted into the flask. No explants are disturbed in the process. 
2.7. Gently place the flask in the incubator at 37 °C and 5% CO2. Leave the explants undisturbed until the cells begin isolating and migrating in the flask [1-MED].  
2.7.1. Talent opens door of incubator, gently places the flasks inside and then closes the door of the incubator. 
2.8. After approximately 2 to 4 weeks, cells should reach 100% confluence [1-LM]. Upon 100% confluence, passage the cells by removing the tissue culture medium [2-MED] and washing the cells with DPBS [3-MED-over the shoulder].
2.8.1. LAB MEDIA: 56308_Karamichos_2.8.1
2.8.2. Talent aspirates the medium from the flask/flasks. 
2.8.3. Talent dispenses DPBS into a flask. 
2.9. Add trypsin to the cells [1-CU] and then incubate at 37 °C [2-MED]. After approximately 5 minutes, view the cells under light microscopy to confirm that they have detached [3-MED-over the shoulder]. 
2.9.1. Trypsin is pipetted onto a cell sheet. 
2.9.2. Shot of the flask/flasks in the incubator. 
2.9.3. Talent places a flask on the stage of an inverted microscope, looks through the oculars and adjusts the focus. 
2.10. Halt proteolysis by adding fresh medium and transfer the cell suspension into a 15-milliliter conical tube. Centrifuge the tubes at 1,000 x g to pellet the cells [1-MED]. 
2.10.1. Talent at TC hood pipettes medium from the bottle, dispenses the volume into the flask, pipettes up and down and then transfers the cell suspension to a 15 mL tube. 
2.11. Remove the supernatant carefully without disturbing the pellet [1-CU] and suspend the cells in fresh medium [2-MED]. 
2.11.1. The supernatant is aspirated from the tube without disturbing the pellet. 
2.11.2. Talent adds medium to the cell pellet and pipettes up and down. 
2.12. After performing a cell count [1-MED-over the shoulder/MED], seed approximately 1 x 106 cells in T75 culture flask with fresh medium for further expansion [2-MED].  
2.12.1. Talent at the inverted microscope with a hemocytometer on the stage and performing a cell count. Alternatively, BROLL of Talent at an automated cell counter. Multiple takes, shot will be reused once. If possible, please get cell count shot without specific identifiers as it would be nice to convey that 3.1.1. occurs on a different day. 
2.12.2. Talent adds a specific volume of cell suspension to a T75 flask.    
3. Primary HCF Culture and 3D Construct Assembly
3.1. To assemble 3D constructs first passage and count human corneal fibroblasts [1-MED]. Then seed approximately 1 x 106 primary HCFs onto a polycarbonate membrane insert with 0.4-micron pores [2-CU].  
3.1.1. Use 2.12.1. Talent performing a cell count. 
3.1.2. Shot of the membrane insert as cell suspension is pipetted onto the insert. 
3.2. Add 1.5-milliliters of fresh medium to the top of the construct [1-MED]. Then pipette another 1.5-milliliters of the same media to the bottom of each construct [2-CU].
3.2.1. Talent pipettes from a labeled tube of medium and adds it to the top of the filter. 
3.2.2. Medium is pipetted underneath the construct. 
3.3. After 24 hours [1-MED] add 1.5 milliliters of medium supplemented with 0.5 millimolar vitamin C to the top and bottom of each construct [2-MED-over-the shoulder-TXT].
3.3.1. Talent (wearing something different to indicate that a day has passed) brings the plate to the TC hood and sits down. 
3.4. Talent pipettes from a labeled bottle/tube and pipettes a volume onto the top of the construct and then another volume onto the bottom of the construct. TEXT:  Culture at 37 °C, 5 % CO2 for 3 weeks with fresh media every other day. No further passage required.
4.  Cell Differentiation and Co-Culture
4.1. After 3 weeks, add 8 x 103 SH-SY5Y human neuroblastoma cells on the top of the previously assembled 3D constructs [1-MED]. 
4.1.1. Talent pipettes from a labeled tube of SH-SY5Y cell suspension and dispenses the volume onto the constructs in the wells of the plate. 
4.2. Rabab Sharif:  It is critical to calculate exact cell number in this step and allow 24 hours before initiating cell differentiation [1-INT]. 

4.2.1. Named Talent speaks the above text to camera. 

4.3. After 24-hours of incubation, initiate SH-SY5Y cell differentiation by stimulating the cells with 1.5-milliliters of EMEM with 10% FBS and 10-micromolar Retinoic Acid [1-MED]. Then add 1.5-milliliters of the medium containing vitamin C to the bottom of the construct [2-CU-TXT]. 
4.3.1. Talent pipettes from a labeled bottle/tube and dispenses volume the onto the top of the constructs. 
4.3.2. Use 3.2.2. Medium is pipetted underneath the construct. TEXT: Continue culture for 5 days.
4.4. After 5 days, when the cells reach the differentiation phase, add 1.5-milliliters of serum-free medium containing 2-nanomolar BDNF and 1% Antibiotic/Antimycotic to the top of the construct [1-MED-over the shoulder-TXT]. Add fresh vitamin C-supplemented medium to the bottom of the construct [2-MED]. 
4.4.1. Talent pipettes from a labeled bottle/tube and dispenses volumes the onto the top of the constructs. TEXT: BDNF – Brain Derived Neurotrophic Factors
4.4.2. Talent pipettes from a labeled bottle/tube and dispenses a volume underneath one of the constructs
4.5. Culture the cells for 2 additional days before processing for further analysis [1-WIDE-TXT]. 
4.5.1. Shot of the incubator as Talent walks into the shot with the plate, opens the incubator and carefully places the plate inside. TEXT: See Table 1 for details of additional analyses. 
5. Results: Transmission Electron Microscopy of the 3D Self-Assembled Construct
5.1. This is a high magnification transmission electron microscopy image of the 3D self-assembled construct showing the polycarbonate membrane and the corneal stromal cells seeded on top [1-LM]. 
5.1.1. LAB MEDIA: 56308_Karamichos_Figure 2A. Video Editor please show the image without any arrow or labels and add in the single arrow with legend ‘Polycarbonate membrane’ when “the polycarbonate membrane” is narrated and the rest of the arrows and the ‘corneal stromal cells’ label when “corneal stromal cells seeded on top” is narrated. 
5.2. This image shows the differentiated neuronal cells seeded on top which are exhibiting a stromal neuronal cell arrangement. The arrows in the image show the neuronal cells [1-LM]. 
5.2.1. LAB MEDIA: 56308_Karamichos_Figure 2B. Show image. 
6. Conclusion (said by authors on camera)
6.1. Rabab Sharif: While attempting this procedure, it’s important to remember to keep corneal tissue wet at all times when cutting explants, and maintain surgical blades/instruments sterile.

6.2. Rabab Sharif: After watching this video, you should have a good understanding of how to setup/ use this in vitro model to investigate the cellular interactions between human corneal stromal cells and neuronal cells in their natural extracellular matrix. 
6.3. Tyler G Rowsey: Don't forget that working with BDNF, retinoic acid and surgical blades can be extremely hazardous and precautions such as wearing suitable protective clothing should always be taken while performing this procedure.      
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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