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Authors, general notes to you are provided in these grey boxes.  Notes specific to your protocol will appear as highlighted text.  Please begin by filling out this brief questionnaire below.   Type your answers below each question.
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  

B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? 

C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 

D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  

E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) 
Schematic Overview (read by a voice talent at JoVE)
An illustrated overview begins the video.  For this section:

1. First READ the instructions in the attached document that accompanied this script.  

2. Then, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. You may reword the phrases, but please do not add additional steps. 

3. Insert an image of your finished graphic overview below the narrative.

4. Upload the original schematic file through your online submission on the JoVE website.  It should be Adobe Illustrator (preferred) or Powerpoint.  Please keep all layers in the file (do not flatten the file).

NOTE: The schematic should NOT be a flow-chart of text bubbles.  The schematic should also NOT be photographs.  The schematic should be made up of simple cartoons and drawings.  Thanks.
Procedural Narrative:
The overall goal of this procedure is to _understand mechanisms responsible for corneal graft failure and to test potential strategies that could improve success of corneal grafts._ (Intro)

This is accomplished by first _by mastering the technique of corneal transplantation in the murine model._ (P1)
The second step of the procedure is to _evaluate those factors that are responsible for rejection of corneal allografts._ (P2)
The third step is determine which factors might be used to improve the success of corneal allografts based on those determinants known to be involved in rejection. (P3)
The final step is _test those factors for their ability to reduce corneal allograft rejection. (P4)
Ultimately, results can show _what therapeutic strategies are most likely to improve the outcome of corneal transplantation in humans through _an evaluation of those strategies using the murine model of corneal transplantation. (P5)
Conceptual Narrative:
The overall goal of the following experiment is to _establish the technical ability to perform corneal transplantation in mice._(e.g. observe the effect of your treatment on cell migration using wound healing assays)____. (Intro)
This is achieved by (1st step of protocol e.g. add NGF to cells) to _(goal of 1st step - e.g. induce cell differentiation)__. (P1)
As a second step, _(insert 2nd step)__, which __(insert goal of 2nd step)_________ . (P2)  

Next, __(insert 3rd step)_____in order to___(insert goal of 3rd step)_________. (P3)
Results are obtained that show _(effect of treatment - e.g.  differences in protein expression in NGF treated cells_ based on  ___(method of analysis - e.g. Western blotting analysis)__. (P4)
Please insert an image of your graphical overview file here
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.    Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.  **If individuals will be doing the demonstrations but not speaking in the introduction, please use statement 1.8 to introduce these demonstrators (e.g. PI introducing students).   
1.1. Author name _________: The main advantage of this technique over existing methods, like __________, is that ___________.   

1.2. Author name ________: This method can help answer key questions in the _________ field, such as _________________.  

1.3. Author name _________: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  

1.4. Author name ________: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.

1.5. Author name _______: Generally, individuals new to this method will struggle because ______________.
1.6.  Author name ________: I/We first had the idea for this method, when I/we ___________.

1.7. Author name _________: Visual demonstration of this method is critical, as the ______________ steps are difficult to learn, because _______________.   

1.8. **Author name ________: Demonstrating the procedure will be ________ a _______ (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
Protocol Chapters (read by a voice talent at JoVE):
2. Corneal Grafting: Obtaining the Graft
2.1. After anesthetizing the donor and recipient mice (TEXT: 86.98 mg Ket + 13.04 mg Xyz / kg, i.p.) and confirming their anesthetized states by a toe pinch, apply puralube ointment to the eyes not undergoing surgery.

2.1.1. WID: talent anesthetizing mice, using injections

2.1.2. MED: performing toe pinches on the mice

2.1.3. MED: applying ointment to an eye of one of the mice

2.2. To achieve mydriases, administer a couple of drops of 1% tropicamide and 2.5 % phenyphrine hydrochloride to the donor eye.

2.2.1. CU: taking dropper from 1% tropicamide vial, then replaceing it, then taking dropper from 2.5% phenyphrine vial

2.2.2. CU: applying drops to the donor eye NOTE: Due to removal of 2.2, all subsequent numbers reflect that change and are consistent with the “slate”.
2.2  Then, secure the head with the donor eye horizontal to a sturdy, moveable support, using a strip of tape across the neck.

2.2.1 MED: setting mouse up against support

2.2.2 CU: taping the mouse to the support across the neck
2.3. Now, using a 2 mm diameter trephine whose tip was dyed with methyl blue, outline the central cornea graft site.

2.3.1. CU: dip trephine tip into methyl blue.

2.3.2. ECU/SCOPE: outlining the cornea graft site (scope shot could be helpful to capture details, here and going forward)

2.4. Then, with a 15 degree ophthalmic knife blade penetrate the cornea.  

2.4.1. ECU/SCOPE: inserting blade through the cornea into the anterior chamber.
2.5. To help avoid damage to the underlying lens, inject the viscoelastic solution into the anterior chamber so the chamber becomes deeper.

2.5.1. CU: loading syringe with viscoelastic solution  ECU/SCOPE: injecting viscoelastic solution into anterior chamber
2.6. Now, excise the donor graft with vannas scissors and transfer the graft to a dish of HBSS on ice until use. Be sure to cut a smooth circular graft with no edges.  

2.6.1. ECU/SCOPE: removing the graft tissue

2.6.2. ECU: setting the cornea graft into a dish of HBSS

3. Corneal Grafting: Transplanting the Graft
3.1. To achieve mydriases, administer a couple of drops of 1% tropicamide and 2.5 % phenyphrine hydrochloride to the recipient eye. 
3.1.1. MED: adding drops of solution to the recipient's eyes, like 2.2.1 added drops to the recipient eye from 1% tropicamide vial and from 2.5% phenyphrine vial. 
3.2. Then, using a 1.5 mm trephine, outline the graft site as described earlier.
3.2.1. ECU/SCOPE: outlining the recipient's graft site

3.3. Using a 15 degree ophthalmic knife blade, penetrate the cornea and inject a viscoelastic solution into the anterior chamber to deepen it in order to maintain space between the donor cornea and the lens. This reduces the chance of damage to the underlying lens and to the donor endothelium.

3.3.1. ECU: repeating the procedure shown in 2.5 2.6 and 2.7, a wider angle is okay now, puncturing the eye with the ophthalmic knife.
3.3.2. MED: loading the syringe

3.3.3. ECU: making the inject viscoelastic solution.
3.4. With vannas scissors, remove the outlined central corneal button from the recipient and discard. Add viscoelastic medium to the area vacated by removal of the corneal button to protect the corneal endothelial cells from damage by direct contact with the lens.
3.4.1. ECU/SCOPE: we are back to needing a tight scope-quality shot again, now, cutting out the central corneal button
3.4.2. CU: discarding the tissue and then preparing to lift up graft tissue add Healon solution on top of lens   
3.5. Now, place the donor cornea over the graft bed.
3.5.1. ECU: lifting graft tissue from dish

3.5.2. ECU/SCOPE: setting graft tissue into place on recipient eye

3.6. Using super fine-tipped micro-forceps, place the first bite of 11-0 nylon suture into the donor side, through the donor cornea to approximately 90% of full thickness, then to the recipient’s side at the same depth, then tie off.
3.6.1. ECU/SCOPE: sewing in the cornea on both sides, then tie off.
3.7. Continue securing the transplanted cornea using midcardinal interrupted sutures.  A total of eight to ten sutures are all that are needed.

3.7.1. ECU/SCOPE: keeps adding more and more thread loops (8-10 in all)

3.8. Now, reform and wash the anterior chamber with an injection of saline.

3.8.1. CU: loading syringe with saline (or preparing to use if it is expected to be ready in advance)

3.8.2. ECU/SCOPE: injecting saline– anterior chamber should form

3.9. Alternatively, inject air into the anterior chamber to reform it. 
3.9.1. CU: loading syringe with air. HBSS   (or preparing to use if it is expected to be ready in advance)

3.9.2. ECU/SCOPE: injecting the air. HBSS 
3.10. After the injection, gently test the integrity of the graft using a cellulose sponge.  

3.10.1. ECU/SCOPE: testing the graft with a sponge

3.11. Finally, evaluate the eye.  Determine if the pupil round and if the anterior chamber appear normal. 

3.11.1. ECU: checking out the eye – show the shape from a side angle

3.11.2. ECU: checking out the eye – show the shape from a top angle

3.12. If the graft appears good, apply antibiotic ointment and, optionally, close the eye lid with running 7-0 silk suture.

3.12.1. CU: applying ointment to the eye

3.12.2. CU: sewing the eye lid closed

3.13. Post operatively, monitor the mouse until it is fully awake and, then, continue observing it in its home cage for two days.  Remove the sutures from the anaesthetized mouse between 4 and 7 days following the operation.
3.13.1. WID: talent observing the mouse in the recovery cage, it has come to wakefulness, so the talent moves it to its home cage

3.13.2. CU: observe alert post-operative mouse in home cage – be sure that eyes are seen in shot.
          3.13.3 CU/SCOPE: remove sutures from mouse. Optional scene without scope.
3.14. After removing the sutures, observe the mouse for several days. 
3.14.1. CU: similar lighting/angle to previous shot: alert, several days post-op (no sutures on eye) mouse, in home cage – be sure eyes are seen in shot
4. Evaluating Corneal Grafts
4.1. Using an opacity scale, evaluate every cornea with a score from 0 to 5.  A zero indicates no opacity.  NOTE: Can use 3.11 to visualize this.
4.1.1. WID: talent preparing to handle a mouse, to evaluate its cornea

4.1.2. CU: technique of holding mouse to evaluate cornea

4.1.3. LAB MEDIA / ECU: cornea which scores a zero

4.2. A score of one corresponds to minimal, superficial opacity.

4.2.1. LAB MEDIA / ECU: cornea which scores a one

4.3. A score of two indicates mild to deeper opacity with a discernible underlying pupil and iris. 

4.3.1. LAB MEDIA / ECU: cornea which scores a two
4.4. Assign a score of three to corneas with stromal opacity wherein the iris cannot be seen in detail, with the exception of the pupil margins. 
4.4.1. LAB MEDIA / ECU: cornea which scores a three
4.5. If there is dense stromal opacity and no underlying structures can be seen, give the graft a score of four.
4.5.1. LAB MEDIA / ECU: cornea which scores a four
4.6. If there is complete opacity with intensive stromal edema and both the pupil and iris are completely obscured, then score the graft a five.
4.6.1. LAB MEDIA / ECU: cornea which scores a five
4.7. The text protocol also suggests a zero to eight scale on blood vessel infiltration.

4.7.1. MED: talent returning mouse to home cage then writing down cornea evaluation score in a lab notebook
5. Manipulating the Protocol: Injecting Spleen Cells into the Anterior Chamber
5.1. A wide variety of manipulations can be made using the graft model.  For instance, spleen cells can be added to the anterior chamber from the donor mouse.

5.1.1. WID: talent preparing mouse for a surgery to collect the spleen

5.1.2. WID: talent preforming the surgery to collect a spleen (these two shots can be mocked up, if its helpful)

5.2. After the donor is euthanized, remove the spleen and transfer it to a cell strainer.

5.2.1. MED: transferring tissue from a surgical site (dead mouse can be obscured/omitted) to a cell strainer

5.3. Using a 3 ml syringe, disrupt the spleen.

5.3.1. CU: breaking up spleen in strainer with syringe

5.4. Then, wash the spleen cells in 10 milliliters of HBSS.  (TEXT: 1500 r.p.m., 5 min)

5.4.1. MED: adding solution to the strainer transfer cells to centrifuge tube and centrifuge. 
5.4.2. MED: loading the strainer into centrifuge

5.5. Re-suspend the washed cells in 10 milliliters of HBSS and count the cells with a hemocytometer.  Keep the cells at room temperature until they are used.

5.5.1. MED: removing supernatant from tube, discarding it, then adding 10 ml HBSS to tube

5.5.2a MED: add cells to hemocytometer.
           5.5.2b WID: talent arrives at scope with hemocytometer sample and begins taking measurements from it, using a clicker to count the cells 

5.6. Later, prior to performing the corneal transplantation, inject the cells into the anterior chamber.

5.6.1. MED: talent loading a syringe with cells, recipient mouse at ready

5.6.2. MED: preparing to inject the cells, talent gets situated using scope

5.7. Using a dissection microscope, inject one million spleen cells in 5 µL of HBSS from a 33 Gauge needle.

5.7.1. CU: SCOPE: injecting cells into anterior chamber
6. Testing Delayed-type Hypersensitivity (DTH) 
6.1. The model was used to test whether systemic alloantigen T cell tolerance to alloantigens expressed by the donor corneal allograft might improve graft survival.  BALB/c mice were tolerized to C57-BLACK/10 alloantigens by an injection of B10 spleen cells into the anterior chamber.  This did not improve corneal allograft acceptance.

6.1.1. LAB MEDIA: Figure 1 

6.2. A similar study showed that when DTH tolerance was established in BALB/c mice towards B10 alloantigens, skin grafts bearing some or all of B10 alloantigens did not increase survival.  Thus, BALB/c with established antigen-specific DTH did not measurably benefit from corneal or skin allografts.

6.2.1. LAB MEDIA: Fig. 2 
7. Conclusion Interview (spoken by you on camera)
Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line.
7.1. Author name ________: Once mastered, this technique can be done in ____________ (hours/min) if it is performed properly.

7.2. Author name ________: While attempting this procedure, it’s important to remember to ___________.

7.3. Author name ________: Following this procedure, other methods like _____________ can be performed in order to answer additional questions like _____________.

7.4. Author name ________: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).

7.5. Author name _________: After watching this video, you should have a good understanding of how to _____________ (restate overall goal of the procedure mention specific steps).

7.6. Author name _________: Don't forget that working with _____________(reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ should always be taken while performing this procedure.  
List of Provided Media Filenames and Descriptions (fill this in)

In this space, 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 .tif files at dimensions of at least 720X480 pixels and 300 dpi.  Higher  resolutions are better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  
Please 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.
 2014, Journal of Visualized Experiments


