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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. 3.5., 4.3., 4.4., 4.5.
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. 3.5
E.  Will the filming need to take place in multiple locations? Y. We will perform the method in two locations in our lab premises. These are a regular lab space and another, very small room, where we can close all room lights. These two are located in the same floor, only 15 meters apart. In addition, we might want to use a third location for filming the introductory interviews. This can be done in the same floor as well.
2.1. will be performed in a separate room with a calibrated scale. This room in general is spacious, but the scale is located in the corner of the room, where maximum two people will fit. Unfortunately, the scale cannot be moved as it is calibrated.

2.2 will be performed in a regular, open lab space.
3.-5. will be performed in a closed mouse room, where all illumination can be closed. This room is smaller, but will fit 3(-4) people at the same time. Two researchers will have to fit inside the room to perform the experiment. 

6. will be performed in a regular, open lab space.

All these rooms are in the same floor, only 15 meters away from each other. We will have these premises only for our use during the filming day. It is also possible to organize a quiet office or seminar room for the interview part. This room might be located in a different floor, but with an easy access via elevator.
1. Introduction (Experimental Goal and Author Interviews) 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Frederic Michon: This method can help answer key questions related to the cellular and molecular mechanisms involved during corneal wound healing. 
1.1.1. Named author states the above, looking slightly off frame, interview style.
1.2. Frederic Michon: An advantage of this technique is that it reflects the situation seen in the emergency room in case of corneal insult, meaning a scratch, or abrasion of the eye surface.   
1.2.1. Named author states the above, looking slightly off frame, interview style.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Solja Kalha: I first had the idea for this method, when I was studying corneal epithelial progenitor cells and their behavior in a situation that challenges homeostatic maintenance of the cornea.
1.3.1. Named author states the above, looking slightly off frame, interview style.
1.4. Alison Kuony: Visual demonstration of this method is critical, because performing the corneal abrasion is difficult and requires practice.   
1.4.1. Named author states the above, looking slightly off frame, interview style.
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 Finnish National Animal Experiment Board at the Laboratory Animals Center of the University of Helsinki. 
Protocol: (read by voice talent at JoVE)
2. Preparation
2.1. First prepare a 0.1% fluorescein solution for visualizing the abrasion under the Cobalt blue light by measuring 10-milligrams of fluorescein salt with a fine scale [1-MED]. Then add the salt to 10-milliliters of phosphate-buffered saline solution [2-MED-over the shoulder]. 
2.1.1. Talent at the balance in the small room. Talent lifts a small amount of fluorescein salt from the vial with a spatula and places it onto a piece of weigh paper. The action is then repeated with a smaller amount of fluorescein salt. 
2.1.2. Talent adds the fluorescein salt to a tube containing PBS. 
2.2. Protect the fluorescein solution from light and shake for 5 minutes [1-MED]. 
2.2.1. Talent covers the tube with an aluminum foil and places it on a shaker in the lab. 
2.3. Sterile filter the solution into an eye-dropper bottle [1-CU] and protect from light [2-CU]. The fluorescein solution can be stored at 4 °C for 2 to 3 days [3-MED-over the shoulder].
2.3.1. The solution is expelled from a syringe filter into into an eye dropper bottle. 
2.3.2. The bottle is wrapped with aluminum foil. 
2.3.3. Talent places the fluorescein solution onto a shelf in the fridge. 
2.4. Clean the ocular burr tip before and after use [1-MED]; first with PBS and then with 70% EtOH [2-MED]. 
2.4.1. Talent removes the burr tip from its container. 
2.4.2. The burr tip is immersed in PBS and then 70% ethanol. 
3. Corneal Abrasion 
3.1. Begin by placing the anesthetized mouse onto a paper towel on a warming plate heated to 37 degrees Celcius [1-MED-TXT].
3.1.1. Location change to mouse room. The already anesthetized mouse is placed on the warm plate as described. TEXT: Ketamine-medetomidine is used here. Anesthesia expected to last 20-25 minutes.
3.2. Check the level of anesthesia by administering a tail pinch and a toe pinch. The level of anesthesia is good if the tail reflex is absent, but the toe reflex is present [1-MED-over the shoulder-TXT]. 
3.2.1. The tail and a toe are pinched in turn with fingers. There is no reaction to the tail pinch and a slight reaction to the toe pinch. TEXT: Deeper anesthesia is not necessary for this protocol.
3.3. Rotate the base of the burr to turn on the vibration [1-MED]. 
3.3.1. Talent turns the base of the burr and it begins to vibrate. 
3.4. Open the eye to be abraded by holding the eyelids apart with fingers [1-CU]. 
3.4.1. Shot of the eye of the anesthetized mouse as Talent’s fingers move in and hold both eyelids open. 
3.5. Then firmly touch the burr to the cornea and move the instrument back and forth and sideways on the ocular surface without lifting the burr. The burr vibration will perform the scratch; do not press, shake or tear the cornea. In the central cornea, 20 abrading movements on the surface are sufficient to induce the wound [1-ECU]. 
3.5.1. The burr is firmly touched to the cornea and begins to move back and forth. The burr continues to move around the central cornea until ~20 abrading movements are made. 
3.6. Alison Kuony: Making the corneal abrasion is challenging and requires practice. Make sure to pay attention to correct pressure and try to perform the abrasion in one attempt [1-INT]. 
3.6.1. Named Talent speaks the above text to camera. 

4. Imaging the Abrasion
4.1. Administer one drop of fluorescein solution to the abraded eye from the dropper bottle [1-CU]. Then wash the eye once with 0.9% saline to reduce background of the fluorescein [2-MED]. 
4.1.1. The mouse is now in a small room containing the equipment for imaging the abrasion. One drop of fluorescein is administered to the eye. 
4.1.2. Saline is added to the eye from a dropper bottle or a pipette. 
4.2. Absorb the excess liquid with a soft wipe, and clean the eyelashes, if needed [1-CU-TXT].
4.2.1. The excess liquid is absorbed from the nasal border of the eye, close to the opening of the tear canal. Then the eyelashes are gently wiped. TEXT: Avoid touching the cornea while cleaning as minor abrasions might be induced. 
4.3. To image the abrasion, position a table lamp with an attached cobalt blue pen light just above the mouse eye [1-MED-TXT]. The button of the pen light can be taped down to keep the light on when working alone [2-CU]. 
4.3.1. Talent maneuvers the table lamp with attached pen light into position. The pen lamp is seen to be attached to the lamp stand with a cable tie. 
4.3.2. A rubber band Tape is placed over the button of the light to keep it depressed. 
4.4. Focus an SLR camera on the eye in room light [1-MED-over the shoulder-TXT]. Then turn off all other lights except the Cobalt blue pen light [2-WIDE]. 
4.4.1. Talent positions and focuses the camera. TEXT: Replicate the positioning of the lamp and camera for all animals in the groups for reproducible imaging of the eye. 
4.4.2. Talent turns off the room light and the room goes dark. 
4.5. When illuminated with the Cobalt blue pen light, the abraded region fluoresces green due to fluorescein molecules trapped in the uneven surface [1-CU]. Use the SLR camera to take pictures of the eye [2-MED]. 
4.5.1. The abrasion on the eye is seen to fluoresce green. 
4.5.2. Talent uses the camera to take pics of the eye (dim light may be required to catch this on videographer’s camera).
5. Post Corneal Abrasion Procedures
5.1. After imaging the eye, return the mouse to the warmed plate [1-MED]. 
5.1.1. Talent in back in the original room with the mouse. Talent observes the mouse places the mouse back on the warmer. (Author Comment: It is not necessary to include this shot.) (Editor: Since the author hasn’t removed the VO, I’ve left the shot)
5.2. Place a drop of antibacterial, fucidin acid eye ointment into both abraded and non-abraded eyes to moisturize and keep the ocular surface clean from bacteria after anesthesia [1-CU-TXT]. 
5.2.1. Ophthalmic ointment is administered to one eye and then the other. TEXT: Administer injectable analgesic and antibiotic. 
5.3. Observe the mouse on the heated plate for the 5 to 20-minute post-anesthetic wake-up period [1-MED]. When it becomes mobile, single-house the mouse in a clean cage [2-MED-over the shoulder]. 
5.3.1. Talent observing the immobile mouse. 
5.3.2. Talent places the freely-moving mouse into a clean cage. 
6. Cornea Collection 
6.1. After euthanizing the animal using an approved method, collect the eyeball by first cutting an opening in the skin to the side of the eye with dissection scissors [1-CU]. 
6.1.1. Location change to lab for this section. Dissection scissors cut the opening in the skin of the eye. 
6.2. Then place the scissors under the eyeball and cut the ocular nerve to pop the eyeball out of the orbit [1-ECU]. Place the eye in a dish containing PBS [2-MED-over the shoulder]. 
6.2.1. *film as written. 
6.3. Use a 26-gauge needle [1-MED] to make a hole on the back of the eye, on the retinal side, to allow free penetration of solutions inside the eye [2-ECU]. 
6.3.1. Talent unsheathes a 26G needle. 
6.3.2. The hole is made as described. 
6.4. Transfer the eye to a 2-milliliter tube containing PBS [1-CU]. 
6.4.1. The eye is dropped into a 2 mL tube containing PBS. 
6.5. Then remove the PBS [1-MED-over the shoulder] add 4% paraformaldehyde [2-CU] and fix the eye at 4 °C for 4 to 5 hours [3-MED-over the shoulder].
6.5.1. Talent aspirates the PBS with a disposable transfer pipette or similar. 
6.5.2. Talent places the tube containing the eye into a tube rack in the fridge that contains other tubes of eyes. 
7. Results: Detection and Localization of the Corneal Abrasion
7.1. This image shows a mouse eye immediately after abrasion. The fluorescein signal marks the abraded region in bright green, whereas all other regions in the epithelium remain dark. The dashed line marks the borders of the wound [1-LM]. 

7.1.1. LAB MEDIA: 58071_Michon_Figure3A_0_wounded. The image can be shown as is, or it could be shown without the dashed line with the dashed line being added as the final sentence is narrated. 
7.2. The image shows the uninjured bilateral eye that serves as a control. The white spot is the reflection from the camera [1-LM]. 
7.2.1. LAB MEDIA: 58071_Michon_Figure3A_0_bilateral. Show image. 
7.3. Eighteen hours after abrasion the corneal epithelium has largely closed over the exposed region, with only a small abrasion remaining [1-LM]. 
7.3.1. LAB MEDIA: 58071_Michon_Figure3A_18_wounded. Show image. 
7.4. At 72 hours post-abrasion, no green signal is visible. This indicates that the corneal epithelium was fully re-epithelialized by 72 hours after the abrasion [1-LM]. 
7.4.1. LAB MEDIA: 58071_Michon_Figure3A_72_wounded. Show image. 
7.5. The abrasion is focused on the corneal epithelium, shown here in the intact eye, so that deeper layers of the cornea remained intact [1-LM]. 
7.5.1. LAB MEDIA: 58071_Michon_Figure3B_0_bilateral. Show image. 
7.6. Immediately after abrasion, H & E staining reveals the edge of the abrasion, indicated by this asterisk, as a narrow, acellular ledge that is continuous from a regular, 4 to 5 cell layer-thick corneal epithelium [1-LM]. 
7.6.1.  LAB MEDIA: 58071_Michon_Figure3B_0_Abraded. Video editor, the image can be shown without the asterisk with the asterisk being added in when mentioned. 
7.7. At 18 hours post-injury, the healing process is active and re-epithelialization is ongoing. This is suggested by the appearance of a leading edge of one to two epithelial cell layers that covers the exposed region [1-LM].
7.7.1.  LAB MEDIA: 58071_Michon_Figure3B_18_Abraded. Show image. 
7.8. The surface appears fully re-epithelialized by 72 hours, as the migrating fronts cover the wound and all the epithelial layers are again present [1-LM]. 
7.8.1.  LAB MEDIA: 58071_Michon_Figure3B_72_Abraded. Show image. 
8. Conclusion (said by authors on camera)
8.1. Alison Kuony: Once mastered, this technique can be done in 2 hours if it is performed properly by two researchers.

8.2. Solja Kalha: While planning and attempting this procedure, it’s important to remember to follow your local animal welfare guidelines and keep a good and sterile laboratory practice.

8.3. Solja Kalha: Following this protocol, other methods like lineage tracing can be performed in order to answer additional questions on corneal wound healing, re-epithelialization and recovery of tissue homeostasis in the cornea.   
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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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