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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____YES_____  
Can you record movies/images using your own microscope camera? (Y/N)___NO______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: ___Zeiss OPMI 6-CFC XY
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__NO______ 
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.) 
Answer: Trocars insertion, Subretinal injection, Assistant injection, OCT position of the rabbit and how to tilt the head__
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.) __
Answer: Trocars insertion and subretinal injection
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? (Y/N) __Yes_____ If yes, how far apart are the locations? _Three different locations in the same building 1 to 2 floors apart each.

1. Introduction (Experimental Goal and Author Interviews) 

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

The overall goal of this procedure is to create a large-eyed animal model of geographic atrophy, to transplant human embryonic-derived retinal pigment epithelial cells into the eye, and assess donor cell integration using optical coherence tomography.

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hammurabi Bartuma: This method can help answer key questions in the field of regenerative medicine, such as cell treatments using stem cells. 
1.2. Hammurabi Bartuma: The main advantage of this technique is the unlimited source of healthy cells and the surgical setting used for transplantation, which has many similarities with the procedure intended for patients. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Sandra Petrus-Reurer: The implications of this technique extend towards therapy of age-related macular degeneration through transplantation of retinal pigment epithelial cells derived from human embryonic stem cells.

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Hammurabi Bartuma: Our animal-technician, Monica Aronsson is holding and positioning the rabbit so that we can visualize the retina with optical coherence tomography.
1.4.1. Interview style: Author saying the above 
1.4.2. The named technician looks up from workbench or desk or microscope and acknowledges the camera.

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 regional animal ethics committee (Stockholms Norra Djurförsöksetiska Nämnd) (permit: dnr 56/15).  The use of hESC (dnr 2011/745-31/3) and the transfer and manipulation of hESC-RPE (dnr 2013/813-31/2) is also in accordance with the Swedish legislation and Karolinska Institutet regulations, and has been approved by the regional human ethics committee (Regionala Etikprövningsnämnden i Stockholm).

Protocol: (read by voice talent at JoVE)


2. Subretinal Injection of Sodium iodate into a Large-eyed Animal Model
2.1. After anesthetizing a rabbit according to the text protocol [1-WIDE], place the rabbit under the surgical microscope with the head facing the surgeon [2-MED]. Then use a lid retractor to remove the eyelids [3-SCOPE] and a sterile cloth to remove the nictitans membrane [4-SCOPE]. 
2.1.1. Talent picks up anesthetized rabbit
2.1.2. Talent places rabbit under surgical scope with head facing surgeon
2.1.3. Talent removes eyelids with lid retractor Author’s note: Not filmed as a scope shot. Filmed with regular camera. 
2.1.4. Talent uses sterile cloth to remove nictitans membrane Author’s note: Not filmed as a scope shot. Filmed with regular camera.
2.2. For microsurgery, use a 2-port, or optional 3-port 25-gauge transvitreal pars plana technique with non-valved trocars for the insertion of microsurgical instruments [1-LM].
2.2.1. LAB MEDIA Figure 1B
2.3. The multifunction vitrectomy machine has ports to connect [1-WIDE/MED] an infusion cannula, endoillumination, a vitrector, and an endolaser [2-CU]. For subretinal injections, only the endoillumination is mandatory, which makes a 2-port set-up sufficient [3-CU/ECU].
2.3.1. Shot of vitrectomy machine
2.3.2. Shot of ports for infusion cannula, endoillumination, vitrector, and endolaser 
2.3.3. Re-center in on the endoillumination port and zoom in slightly
2.4. Using clawed forceps to grab and displace the conjunctiva overlying the insertion site [1-SCOPE], transsclerally insert one of the two upper trocars 1 - 2 mm from the limbus, at a 30 – 45 ˚ limbus-parallel angle.  Proceed to insert the trocar to the middle of the tip [2-SCOPE].
2.4.1. Talent uses forceps to grab and displace conjunctiva overlying trocar insertion site
2.4.2. Talent finishes inserting first upper trocar transsclerally then inserts second upper trocar at 30 -  45-degree limbus parallel angle then inserts to middle of tip of trocar
Author’s note: 2.4.1 and 2.4.2 were filmed in one shot. 
2.5. Then turn the trocar 90 ˚ and advance it into the eye, aiming at the posterior pole. This will prevent post-surgical leakage from the sclerotomy, and also decrease the risk of endophthalmitis.  Repeat with the second upper trocar [1-SCOPE-TXT].
2.5.1. Talent turns trocar 90 degrees and advances into eye, aiming at posterior pole.  Then talent starts to insert the second upper trocar (i.e., Bacterial infection in the eye)
2.6. Hammurabi Bartuma: Step 2.4 – 2.5:  Trocars setting; When inserting the trocars it’s important to be 1-2 mm from the limbus, to tunnel the insertion and to aim at the posterior pole with the instruments to minimize the risk for infection, vitreous bleeding, retinal detachment or lens touch [1-INTERVIEW].
2.6.1. Talent recites the above statement looking off camera
2.7. Apply synthetic tears as a contact gel to the cornea [1-SCOPE], then position a single-use flat contact lens on the cornea to visualize the retina [2-SCOPE].
2.7.1. Talent applies synthetic tears as a contact gel cornea 
2.7.2. Talent positions a single use flat contact lens on the cornea to visualize the retina 
2.8. Next, draw 500 µL of NaIO3 into a 1 mL syringe connected to an extension tube, operated by an assistant [1-CU], and a 38G polytip cannula, operated by the surgeon [2-CU].
2.8.1. Talent draws 500 L of NaIO3 into 1 mL syringe connected to an extension tube and a 38G polytip cannula
2.8.2. Added shot: Surgeon operates the 38G polytip cannula
2.9. Insert the endoillumination probe through the upper left trocar [1-SCOPE]. Then insert the injection cannula through the upper right trocar, and advance the cannula through the vitreous space towards the retina, aiming for the area just below the optic nerve head [2-SCOPE].
2.9.1. Talent inserts endoillumination probe through upper left trocar
2.9.2. Talent inserts injection cannula through upper right trocar and advances cannula through vitreous space towards retina aiming just below optic nerve head Author’s note: We had issues with scope shooting. We did not get good resolution for this shot. We can film this part ourselves and send it to you. 
2.10. Allow the tip of the cannula to slowly touch the retina until a focal whitening is visible. Do not let the cannula penetrate the retina, since this may cause hemorrhaging [1-SCOPE].	
2.10.1. Talent allows tip of cannula to slowly touch tip of retina until focal whitening is visible but doesn’t allow cannula to penetrate retina Author’s note: We had issues with scope shooting. We did not get good resolution for this shot. We can film this part ourselves and send it to you.
2.11. Now, penetrating the retina with the needle, inject 50 μL of NaIO3 subretinally over a 5 second period. Since there is a natural cleavage plane between the retina and the underlying choroid, a clearly visible semitransparent bleb should gradually form during the injection [1-SCOPE].
2.11.1. Talent penetrates retina with needle and injects NaIO3, then a semitransparent bleb gradually forms and is visible Author’s note: We had issues with scope shooting. We did not get good resolution for this shot. We can film this part ourselves and send it to you.
2.12. While injecting, slowly retract the needle, but make sure the tip is maintained within the bleb to minimize reflux [1-SCOPE].
2.12.1. Talent slowly retracts the needle with the tip maintained within the bleb
Author’s note: 2.11.1 and 2.12.1 are filmed in one shot. Slating number is 2.11.1. Author’s note2: We had issues with scope shooting. We did not get good resolution for this shot. We can film this part ourselves and send it to you.
2.13. Following removal of the endoillumation and injection cannula, use clawed forceps to remove the trocars [1-SCOPE], then use the blunt end of the forceps to apply light pressure for 30 s to the self-sealing suture-less sclerotomy [2-SCOPE].  During recovery, attend to the animal according to the text protocol and wait seven days for transplantation [3-MED].
2.13.1. Talent removes trocars with clawed forceps
2.13.2. Talent uses blunt end of forceps to apply light pressure 
2.13.3. Animal recovering and talent attending to it
Author’s note: 2.13.1 – 2.13.3 are combined in one shot
3. Subretinal Transplantation of hESC-RPE Cells in Treated Animals
3.1. Seven days after injection of NaIO3 and following administration of intravitreal triamcinolone according to the text protocol [1-MED], remove the cell differentiation medium from a 24-well confluent hESC-RPE monolayer and use 500 L of PBS without Ca2+ and Mg2+ to wash each well [2-MED/CU]. 
3.1.1. Talent sits down at hood with plate of cells
3.1.2. Talent finishes removing cell differentiation medium and washes wells with PBS
3.2. After trypsinizing the cells, tilt the plate and carefully remove the trypsin to allow the cells to remain attached to the plate [1-CU-TXT].
3.2.1. Talent tilts plate and removes trypsin (TEXT: 500 L/well, 37 C for 12 min)
3.3. Collect the cells in 800 µL of fresh 37 °C prewarmed differentiation medium by gentlly pipetting, or even scraping if needed, to obtain a single cell suspension [1-CU-TXT].
3.3.1. Talent collects cells in differentiation medium by gently pipetting or scraping (TEXT: Use a 40 μm cell strainer if cell clumps are observed) 
Author’s note: 3.2.1 and 3.3.1 were filmed in one shot.
3.4. Using 0.2% Trypan Blue, count the cells in a hemocytometer chamber, according to the manufacturer’s instructions [1-MED/CU]. Then add 5 mL of differentiation medium to the cell suspension [2-CU] and centrifuge the cells, at 300 x g and room temperature for 5 min [3-MED].
3.4.1. Talent adds cells with Trypan blue to hemocytometer and places on stage of microscope
3.4.2. Talent adds differentiation medium to cells suspension
3.4.3. Talent places cells into centrifuge and sets speed and time
3.5. Discard the supernatant and resuspend the pellet in freshly filter-sterilized PBS at a final concentration of 1,000 cells/μL [1-CU-TXT]. Aliquot the previous cell suspension into 600 μL aliquots and keep them on ice until and during surgery [2-MED/CU].
3.5.1. Talent finishes discarding supernatant and resuspends pellet in freshly sterilized PBS (TEXT: Passed through a 25-mm syringe filter)
3.5.2. Talent finishes aliquoting cell suspension and places on ice
3.6. After anesthetizing the rabbit and dilating the pupils according to the text protocol, place the rabbit with the head facing the surgeon [1-MED]. Use a lid retractor to remove the eyelids and a sterile cloth to remove the nictitans membrane [2-SCOPE].
3.6.1. Talent places anesthetized animal with head facing surgeon
3.6.2. Talent finishes removing eyelids and uses sterile cloth to remove nictitans membrane
3.7. For microsurgery, use a 2-port, or optional 3-port, 25-gauge transvitreal pars plana technique with trocars placed in the same positions as demonstrated earlier in this video [1-LM].
3.7.1. LAB MEDIA Figure 1B  
3.8. If the previous sclerotomies are visible, perform trocar insertion just adjacent to, but not through these insertion sites, to minimize the risk of postoperative leakage [1-SCOPE].
3.8.1. Talent inserts trocars adjacent to previous sclerotomies
3.9. Apply synthetic tears to the eye as before and place a single use flat contact lens over the solution on the cornea to visualize the retina [1-SCOPE].
3.9.1. Talent finishes applying tears and places flat contact lens over solution 
3.10. After properly positioning the tip, and aiming for the center of the NaIO3 pretreated area distinguished by a characteristic “metallic” endo-illumination reflex, subretinally inject 50 μL of a gently-mixed hESC-RPE suspension [1-SCOPE-TXT].
3.10.1. Talent properly positions the tip and aims for NaIO3 pretreated area then subretinally injects hESC-RPE suspension (TEXT: 50,000 cells). Author’s note: We had issues with scope shooting. We did not get good resolution for this shot. We can film this part ourselves and send it to you.
3.11. The neurosensory retina should separate easily creating a clearly visible bleb.  During the injection, slowly retract the needle but make sure the tip is maintained within the bleb to minimize reflux [1-SCOPE-TXT].
3.11.1. [bookmark: _GoBack]Retina is seen separating and bleb is visible.  Then talent slowly retracts the needle but makes sure tip is maintained within bleb (TEXT: Refer to text protocol for cleaning needle between animals to avoid clogging) Author’s note: We had issues with scope shooting. We did not get good resolution for this shot. We can film this part ourselves and send it to you.
3.12. After removal of the endoillumation and injection cannula, use clawed forceps to remove the trocars, and use the blunt end of the forceps to apply light pressure for 30 s as before [1-SCOPE].
3.12.1. Talent finishes removing trocars and applies pressure with blunt end of forceps
4. In Vivo Retinal and Subretinal Imaging
4.1. Use a spectral domain optical coherence tomography, or SD-OCT device with the accompanying software to obtain cross-sectional b-scans of the treated animals, according to manufacturer’s instructions [1-WIDE-TXT].
4.1.1. B-roll of SD-OCT machine (TEXT:  See Table of Materials)
4.2. Place the anesthetized and pupil-dilated animal in an adjustable mount to obtain an unobstructed path from the instrument light source to the rabbit retina [1-CU]. To avoid image blurring, keep the cornea moist by flushing with topical saline every 30-60 s [2-CU/ECU]. 
4.2.1. Talent places anesthetized animal in adjustable mount on machine with unobstructed path from instrument light source to rabbit retina
4.2.2. Talent flushes cornea with saline
4.3. Obtain at least 3 OCT scans with simultaneous infrared-confocal scanning laser ophthalmoscopy, or cSLO reflectance reference images representing the upper, central, and lower portion of the injected area [1-LM].
4.3.1. LAB MEDIA Figure 2, IR-cSLO and SD-OCT panels
4.4. Obtain multiple simultaneous laser colors of en-face fundus images with cSLO blue, green, infrared, and multicolor laser reflectance. Capture blue light autofluorescence images using the blue-light laser capability of the SD-OCT device [1-LM].
4.4.1. LAB MEDIA Figure 3A, MC and BAF panels without the white arrowheads and green lines.

5. Results: Transplantation of Human Embryonic Stem Cell Derived-Retinal Pigment Epithelial Cells 
5.1. Representative in vivo images of BAF, IR-cSLO, and SD-OCT of a normal albino rabbit retina are shown here. A blow up of the SD-OCT image illustrates the different retinal layers with their distinctive levels of light reflection captured by the SD-OCT instrument [1-LM].
5.1.1. LAB MEDIA Figure 2, Editor, add in the top three panels for the first sentence, beginning with the BAF panel and then adding in the IR-cSLO and SD-OCT panels when they are mentioned.  For the second sentence, add in the bottom, blown up SD-OCT panel and then add in the labels and black lines on the right.  Continue with this bottom panel for the next step.
5.2. As shown in this SD-OCT image taken three months after injection of 50 µL of 1 mM NaIO3 solution, a bleb is created that resolved and progressively degenerated the outer retina. Thinning of the outermost neuroretinal layers in the SD-OCT and the hypo-BAF areas can be observed, corresponding to RPE loss, thus re-creating a GA-like phenotype [1-LM].
5.2.1. LAB MEDIA Figure 3A, Editor, place this panel under the bottom panel from Figure 2.  For the second sentence, add in the white arrowheads in the SD-OCT then BAF then MC panels.
5.3. Upon identification of the area of damage, 50,000 hESC-RPE cells were re-injected for transplantation, creating a second bleb that resolved.  Mild to moderate hyper-BAF areas are present, with a focally-increased hyper-BAF on the borderline of the area of damage, indicative of chronic stress of the native RPE [1-LM].
5.3.1. LAB MEDIA Figure 3B, Editor, replace panel A with panel B.  For ‘cells were re-injected for transplantation, creating a second bleb that resolved,’ add in the white arrowheads.  For the ‘Mild to moderate hyper-BAF areas…,’ point out the light area in the valley/border in the second BAF panel (next to the MC).
5.4. The bleb corresponding to the injection of hESC-RPEs in non-pretreated eyes showing patches of pigmented cells in the MC image and well-preserved retinal structures in the SD-OCT scan is shown for comparison [1-LM].
5.4.1. LAB MEDIA Figure 3C, Editor, place this underneath panel 3B and for the bleb, add in the white arrowheads in each panel.


6. Conclusion (said by authors on camera)
6.1. Hammurabi Bartuma: Mastering this preclinical method for subretinal injection will facilitate clinical translation of cell based-treatments for conditions such as age-related macular degeneration.
6.2. Sandra Petrus-Reurer: After watching this video, you should have a good understanding of how to set up subretinal injection in a large-eyed model, prepare human embryonic stem cell-derived cells for subretinal injection, and visualize donor cell integration using optical coherence tomography.

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.
2.1/2.4/2.7/3.6 - Fig1.tif Figure 1A - Injection set up pictures.  
2.2/2.5/2.6/3.7 - Fig1.tif Figure 1B – Injection set up scheme. 
Results/Section 5 - Fig2.tif  – Normal albino rabbit retina in vivo imaging (BAF, IR-cSLO, SD-OCT).
Results/Section 5 – Fig3.tif – Subretinal suspension injections in the large-eyed rabbit model. 


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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