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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____Y_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: 
 EVOS inverted fluorescent microscope; Olympus BX40 microscope; Nikon Diaphot inverted microscope; dissecting stereo microscope Leica S6E   _____________________________________________

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

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;

 2.5-2.6;  4.1-4.2;  4.4; 5.5; 5.8 ___________________________________________

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.) 2.2, 2.4: to ensure complete debridement use Trypan blue dye that stains naked surface of the wound and dead cells____ _____________________

E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this experimental protocol is to describe molecular alterations in human diabetic corneas and demonstrate how they can be alleviated by adenoviral gene therapy in organ-cultured corneas (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Mehrnoosh Saghizadeh: This method can help answer key questions in the diabetic corneal field, such as what molecular alterations underlie delayed diabetic epithelial wound healing and abnormal expression of epithelial stem cell markers. 

1.2. Andrei Kramerov: The main advantage of this technique is that it allows testing of gene therapy approaches targeting various mediators of corneal epithelial wound healing and stem cell function in organ-cultured corneas.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Alexander Ljubimov: The implications of this technique extend toward therapy of other corneal diseases related to stem cell dysfunction, because we have demonstrated the validity of the method for normalizing altered diabetic corneal stem cells.  

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.9. Procedures in this protocol are associated with IRB exempt protocol EX-1055
Protocol (read by voice talent at JoVE):

2. Corneal Epithelium Wound Healing
2.1. To perform an epithelial debridement of the central cornea [2.1.1-MED], first soak a 5-mm filter paper disc in n-heptanol [2.1.2-CU-TXT], and place on the central corneal anterior surface for 75 seconds [2.1.3-CU-TXT]. 
2.1.1. Talent places the cultured cornea into the TC hood. 
2.1.2. *film as written. TEXT: Use 8.5 mm disks for epithelial debridement involving the limbal region. 
2.1.3. *film as written. TEXT: 75 seconds. 
2.2. Remove the filter [2.2.1-CU] and wash the corneas in full medium [2.2.2-MED-TXT]. 
2.2.1. *film as written. 
2.2.2. *film as written. TEXT: See the written protocol for media formulations. 

2.3. After debridement, the epithelial cells usually die and slough off leaving behind microscopically intact basement membrane [2.3.1-SCOPE]. 
2.3.1. Show the cornea after debridement.  Upon request, author can provide still images in addition to scope shots
2.4. Next, place the corneas epithelial side down in sterile 60-mm dishes [2.4.1-LM], and fill the concavity with 0.5 milliliters of agar-collagen mixture [2.4.2-LM]. The mixture solidifies on the corneas within 2 minutes [2.4.3-LM-TXT].
2.4.1. Use 00004.mts (00.00 – 00.07)
2.4.2. Use 00004.mts (00.08 - 00.20)
2.4.3. Use 00004.mts (00:50 – 01:02) TEXT: ~ 2 minutes 
2.5. Once solidified, place the corneas agar side down in sterile 60-mm dishes containing enough full supplemented medium to reach the level of the limbus for air-liquid interface culture [2.5.1-LM-TXT]. 
2.5.1. Use 00004.mts (01:23 – 01:45) TEXT: 7 - 8 milliliter per dish. See written protocol for formulation.
2.6. Then place the dishes containing the corneas into a 5% CO2 incubator humidified with a water pan at 35 0C [2.6.1-MED-over the shoulder].
2.6.1. *film as written. 
2.7. Add 100 (L of medium to the epithelium daily to moisten the corneas [2.7.1-CU]. 
2.7.1. 100ul is added to a cornea. Only one take
2.8. Monitor the corneal healing microscopically [2.8.1-MED]. Take photographs at 4x and 10x every day until the epithelial defect is completely healed [2.8.2-MED-over the shoulder-TXT]. 
2.8.1. Talent places the culture dish on the microscope stage. 

2.8.2. Talent taking pictures at microscope. TEXT: Healing time 2-15 days depending on wound size and diabetic status. 
2.9. During the healing process, black spider-like cells are observed at the top focal plane. These cells are apoptotic stromal keratocytes that died after the epithelial removal. Healing is complete when these dead cells are overgrown by the healing epithelium and are no longer visible [2.9.1-LM].  

2.9.1. LAB MEDIA: 54058_Ljubimov_Figure2_panel5*

3. Adenoviral Transduction of Organ-Cultured Corneas
3.1. Prepare transduction medium by supplementing full medium with 75 micrograms per milliliter sildenafil citrate [3.1.1-MED]. Add adenovirus expressing the c-met gene (pronounced“see-met”) or vector at 0.8 to 1.25 x 108 plaque-forming units per cornea [3.1.2-MED]. 
3.1.1. Talent adds sildenafil citrate to media. 
3.1.2. Adenovirus is added to an aliquot of the media. Ensure that tube is appropriately labeled and that label is visible. 
3.2. Transfer the corneas to a 24-well plate [3.2.1-CU]. Add the appropriate volume of virus-containing media [3.2.2-MED], and ensure that the corneas are under the medium surface [3.3.3-CU]. Incubate for 48 hours at 37 0C [3.2.4-MED-TXT]. 
3.2.1. Show one or two corneas being added to one or two wells of the plate. 
3.2.2. Talent adds media to plate. 
3.2.3. Either show corneas under surface or ideally, one of the corneas being moved so that it is under the surface. 
3.2.4. Talent places plate in incubator. TEXT: 48 hours. 
3.3. To transduce only the limbal cells, incubate the corneas with virus at the air-liquid interface with medium at the level of the limbus [3.3.1-CU/SCOPE]. 

3.3.1. Show the corneas in the plate with the medium at the limbus. Most likely film from side of plate at an angle to capture media level. 
3.4. As sildenafil has a short half-life in aqueous solutions, 4 to 5 hours later, replenish by adding sildenafil citrate to the medium [3.4.1-MED]. 
3.4.1. Talent at the hood with the plate and the sildenafil citrate. Talent adds sildenafil citrate to the wells of the plate. 
3.5. Following the incubation, use a round-end sterile spatula to transfer corneas to new dishes containing medium without adenovirus [3.5.1-MED – over the shoulder], and culture keeping the medium level at the limbus [3.5.2-CU/SCOPE]. 
3.5.1. *film as written. 

3.5.2.  A final cornea is placed. The media is seen to be level with the limbus. 

3.5.3. [added] SCOPE Fluorescent cells transduced by virus in limbal area
3.6. During culture, routinely moisten the corneas by adding 100 microliters of medium on top of the cornea [3.6.1-CU]. 

3.6.1. *film as written. 
3.7. After an additional 4 to 8-days of incubation, process the adenovirus-treated corneas for various analyses, or test for epithelial wound healing as before [3.7.1-WIDE]. 

3.7.1. Talent removes the plate of corneas from the incubator and takes it to the lab bench.  

4. Isolation of Limbal Cells and Maintenance of Stem Cell-Enriched Cultures
4.1. If whole corneas or globes are used, first isolate the limbal areas. To do this, place the cornea on a sterile plastic dish with the epithelial side up [4.1.1-MED], and use a 9-mm trephine to remove the central area and discard [4.1.2-CU]. 
4.1.1. *film as written. 

4.1.2. *film as written. 4.1.1 and 4.1.2 were already filmed (see 00005.mts file)
Note to the authors: The actions in 00005.mts will need to be re-filmed, either by you or on the film date as the demonstrator’s hands block all of the actions.
4.2. Then excise the limbal zone using a 13-mm trephine or surgical scissors [4.2.1-CU], and discard the outer conjunctival part [4.2.2-CU]. 
4.2.1. *film as written. 

4.2.2. Show the outer conjunctival part being separated from the rest. 
4.3. Prepare 1.5 milliliters of keratinocyte serum-free medium containing 2.4 Units per milliliter of Dispase-two per corneoscleral rim [4.3.1-MED-TXT]. Immerse the corneoscleral rims in this solution [4.3.2-CU] and incubate at 37 °C for 2 hours [4.3.3-MED-TXT]. 
4.3.1. Talent adds dispase to medium. TEXT: KSFM – see protocol for composition. 

4.3.2. *film as written. 
Note to the authors: “Two” is for the voice talent so they know the pronunciation. This document will not be published as is, so we often write out the numbers to assist the voice talent.
4.3.3. Show the rims in the dishes in the incubator. The incubator door is closed. TEXT: 2 hours. 
4.4. Then, under a dissecting stereomicroscope [4.4.1-MED], use forceps to gently ease the limbal epithelial cell sheet off the rim [4.4.2-SCOPE]. Dissociate the cells in 1 milliliter of 0.25% trypsin – 0.02% EDTA solution for 30 minutes at room temperature [4.4.3-CU-TXT].
4.4.1. Talent places the corneoscleral rim in appropriate dissection dish on the stage of the microscope. 

4.4.2. *film as written. 

4.4.3. Tissue seen in the trypsin-EDTA solution. TEXT: 30 minutes. 
4.5. After dissociation, wash the cells in 10 milliliters of medium [4.5.1-MED], and pellet them at 300 x g in a table-top centrifuge for 5 minutes at room temperature [4.5.2-MED-over-the-shoulder-TXT]. 
4.5.1. Talent adds 10 ml of medium to the tube containing the tissue. Only one take; same as 4.5.1
4.5.2. Talent places the tubes in the centrifuge, closes the lid and starts it. TEXT: 5 minutes. 
4.6. Re-suspend the cells in supplemented culture medium [4.6.1-MED-TXT] and seed cells in KSFM medium at 10,000 cells per milliliter into coated 60-mm dishes [4.6.2-CU-TXT]. 
4.6.1. Talent pipettes from a bottle of media labeled with “+N2, + B27, +HKGS + EGF”, deposits the media in the tube, and re-suspends the cells. (TEXT: Supplemented with N2, B27 and human keratinocyte growth supplements, and 10 ng/ml EGF)
4.6.2. Cell suspension is pipetted into a 60-mm dish coated with fibronectin, type IV collagen, and laminin. TEXT: Coating: human basement membrane proteins including fibronectin, type IV collagen, and laminin.
4.7. Culture the cells in a humidified CO2 incubator at 37 0C until they form fully confluent monolayers. This may take 1 to 2 weeks [4.8.1-MED-TXT].
4.7.1. Talent places the flasks and plates into the TC incubator. TEXT: 1 – 2 weeks with media changes. 

4.8. Passage the confluent cells according to standard techniques [4.8.1-MED-TXT], and plate the cells onto a 24-well plate at 2x104 cells per milliliter [4.8.2-CU]. 
4.8.1. Show Talent pipetting trypsin into the flask. TEXT: See written protocol for details. 

4.8.2. Cell suspension is pipetted into the wells of a chamber slide. 
5. Adenoviral Transduction of Cultured Limbal Cells 
5.1. Prepare transduction medium containing 2 nanograms per milliliter of EGF [5.1.1.-MED], and a polycation enhancer (TEXT: Polylysine or Polybrene) to facilitate adenovirus binding to the cell surface [5.1.2-MED-TXT].  Text may be eliminated, consult with author
5.1.1. Talent at TC hood. Talent pipettes EGF into a tube containing media. 

5.1.2. Talent pipettes from a tube of polybrene. Please make sure tube is labeled appropriately and label is visible. 
5.2. Add the required volume of adenovirus expressing green fluorescent protein [5.2.1-CU], or scrambled shRNA-GFP [5.2.2-CU] to transduce cells at a multiplicity of infection of 1 to 300 plaque-forming units per cell [5.2.3-MED-TXT]. 
5.2.1. A volume is pipetted from a tube labeled ‘Ad-GFP’. 

5.2.2. A volume is pipetted from a tube labeled ‘Ad-sc-shRNA-GFP’
5.2.3. The volume is pipetted into the tube containing the enhancer supplemented media from 5.1 Use 5.1.1-5.1.2 TEXT: MOI: 1 - 300 pfu/cell in 0.2 ml of medium. 70 - 80% confluency. 
5.3. Add the virus-containing media to the cells [5.3.1-MED-over the shoulder], and incubate in the humidified incubator for 24 hours at 37 0C [5.3.2-MED-TXT]. 
5.3.1. *film as written. 
5.3.2. Talent places the dishes and/or 24-well plate into the TC incubator. TEXT: Add additional media after 4 hours. 
5.4. After 24 hours, replace the adenovirus-containing media with fresh media without adenovirus [5.4.1-MED]. Return to the incubator for 4 days [5.4.2-WIDE-TXT]. 

5.4.1. *film as written. 

5.4.2. *film as written. 

5.5. After 4 days evaluate the GFP expression level using an inverted fluorescent microscope [5.5.1-MED].
5.5.1. Talent places the 24-well plate on the stage of the inverted microscope and looks through the eyepiece. 
5.6. Then make scratch wounds in the monolayer by scratching the cells in a straight linear motion with a 200 microliter pipette tip [5.6.1-CU]. After wounding, change the medium to remove the detached cells [5.6.2-MED]. 
5.6.1. *film as written. Talent makes scratch wounds in multiple wells of the 24-well plate. *film as written. 

5.7. Photograph the wounds every day with a digital camera attached to an inverted microscope at 4x magnification [5.8.1-MED]. Record the time when the wound edges come into contact along the entire wound and the healing is complete [5.8.2-MED]. 
5.7.1. Talent at the inverted microscope with camera. The carousel is turned to select the 4X magnification. 

5.7.2. Talent looks up from the microscope and writes in a notebook. 
6. Results: Effects on Wound Healing and Stem Cell Marker Expression
6.1. As seen here, c-Met gene transduction leads to a significant decrease of corneal epithelial wound healing time [6.1.1-LM]. Moreover, combined gene therapy with adenovirus harboring the c-met gene and shRNAs to MMP-10 and cathepsin F genes completely normalizes epithelial wound healing time [6.1.2-LM]. Significance was established by paired Student’s t-test in comparison with respective vector treatments. The bars represent the standard error of the mean [6.1.3-LM].

6.1.1. 54058_Ljubimov_Figure1. Video editor please emphasize the red column labeled ‘c-Met’. 

6.1.2. 54058_Ljubimov_Figure1. Video editor please emphasize the coral-colored column labeled ‘combo’. 

6.1.3. 54058_Ljubimov_Figure1. Show whole figure no highlight. 
6.2. This series of images shows healing of 8.5-mm epithelial wounds in a pair of diabetic corneas [6.2.1-LM]. The arrows show the wound edge [6.2.2-LM], and the asterisk the non-healed part [6.2.3-LM]. For vector-transduced cornea, healing is complete in 8 days [6.2.4-LM], whereas for the adenovirus-cmet transduced cornea, healing is complete in 5 days [6.2.5-LM]. 
6.2.1. 54058_Ljubimov_Figure2. Show all images. 

6.2.2. 54058_Ljubimov_Figure2_top. Show the first two panels with arrows. 

6.2.3. 54058_Ljubimov_Figure2_top. Show the third panel. 

6.2.4. 54058_Ljubimov_Figure2. Show all images. Place a black border around the 
6.2.5. 54058_Ljubimov_Figure2. Place a black border around the third panel of the bottom layer. 

MOVE 6.4 ABOVE 6.3
6.3. The following images show immunostaining of diabetic corneal sections for various markers after limbal gene therapy [6.3.1-LM]. C-met expression and combination treatments result in markedly increased limbal staining for the diabetic markers integrin alpha-3-beta-1 and nidogen-1, and the putative stem cell markers Keratin 15 and delta-Np63-alpha [6.3.2-LM]. 
6.3.1. 54058_Ljubimov_Figure3. Show whole image. 

6.3.2. 54058_Ljubimov_Figure3. Show whole image. Highlight the headings ‘Integrin α3β1’, ‘Nidogen-1’, ‘Keratin 15’ and ‘ΔNp63α’ in time with the narration. 
6.4. The level of GFP-expression in transduced limbal epithelial cells depends on the multiplicity of infection of adenovirus-GFP.  Here cells were transduced with 30 plaque forming units per cell for 3 days [6.4.1-LM].  This is the result with 120 pfu per cell…[6.4.2-LM] …and finally with 300 pfu/cell at 3 days of transduction [6.4.3-LM]. 
6.4.1. 54058_Ljubimov_Figure5_panel_a
6.4.2. 54058_Ljubimov_Figure5_panel_b 
6.4.3. 54058_Ljubimov_Figure5_panel_c. 

6.5. It is worth noting that cell migration is adversely affected by increasing concentration of adenovirus, as revealed by the scratch wound test. This image shows live un-transduced cells [6.5.1-LM]. Here cells are transduced with 20 pfu per cell…[6.5.2-LM] …80 pfu per cell…[6.5.3-LM]…and finally 120 pfu per cell [6.5.4-LM]. 
6.5.1. 54058_Ljubimov_Figure6_panel_a
6.5.2. 54058_Ljubimov_Figure6_panel_b
6.5.3. 54058_Ljubimov_Figure6_panel_c. 
6.5.4. 54058_Ljubimov_Figure5_panel_d. 

Authors this image still needs to be uploaded as a single panel. 

7. Conclusion (said by authors on camera)
7.1. Andrei Kramerov: While attempting this procedure, it’s important to remember to keep corneas sterile, to optimize the viral titers, to moisten the corneal surface after gene transduction at least once a day, and to document the healing process daily. 

7.2. Mehrnoosh Saghizadeh: After watching this video, you should have a good understanding of how to prepare corneal organ cultures, corneal stem cell cultures, make wounds, and apply viral gene therapy to accelerate wound healing in diseased corneal tissue in an in vitro setting. 

Provided Media

Insert your media filenames here.
6.2 –  0123_Ljubimov_Figure1.pptx - multiple color graph of wound healing after treatments

6.2 –  0123_Ljubimov_Figure2.pptx – B&W imaging of corneal wounds over time after treatments

6.2 –  0123_Ljubimov_Figure3.pptx - dual color imaging of studied molecular markers’ changes after treatments

6.2 –  0123_Ljubimov_Figure4.pptx - dual color imaging of stem cell marker keratin 15 expression in normal and diabetic stem cell-enriched cultures 

6.2 –  0123_Ljubimov_Figure5.pptx - single color imaging of GFP expression with different adenoviral loads

6.2 –  0123_Ljubimov_Figure6.pptx - B&W imaging of corneal cell culture wound healing with different adenoviral loads 

6.2 –  0123_Ljubimov_Figure7.pptx - single color (one panel, B&W) imaging of GFP expression in cells after viral transduction with different boosters. Bottom right panel – B&W phase contrast of dyong cells after ViraDuctin use. 

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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