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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (Y/N) Y 
If yes, please list make and model of your microscope: Olympus SZX 10 and specify the steps by number/short description: 4.3 and 4.6 – 4.9
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps
2.3 – 2.4, 4.3, 4.6 – 4.9
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The sub-retinal injection (4.6 – 4.9) is the most difficult aspect of our procedure. To ensure success, calm and concentrated working is necessary as well as extensive training to ensure safety, minimal injury to the tissue and reproducibility.

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):
Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  

Procedural Narrative:
The overall goal of the following experiment is to transplant enriched photoreceptor precursor cells into a recipient mouse retina. (Intro) This is achieved by first isolating the retinae of young donor animals. (P1) In the second step, the post-natal photoreceptor precursor cells are isolated from the retinal cell population by CD73-based magnetic associated cell sorting. (P2) Next, the photoreceptor precursors are transplanted into the sub-retinal space of recipient animals to facilitate their integration into the recipient retina. (P3) Ultimately the integration potential and behavior of the transplanted photoreceptor precursor cells can be analyzed by immunofluorescence microscopy. (P4)

From Fig1.ppt
(P1) Please show top schematic of eye with labels and “Mouse … eye” text, then please “isolate” the grey retina/move it away from the eye, so image looks like grey isolated retina graphic with “isolated retina” text 
(P2) If possible, have grey isolated retina graphic move into blue “tube” graphic and “dissolve” into “mixture of retinal cells” graphic with same text (discard “cells of interest text”), then have red “antibodies” appear and attach to green cells and then blue/red/grey magnet graphic appear and green cells with red antibodies attach to side of tube by magnet (Video Editor: Possibly too much action for narrative, please cut/use appropriate animation as necessary)
(P3) Please show graphic of eye, then have syringe enter eye at top of cornea until it reaches sub-retinal space, then have green “cells” appear at top of syringe and move through syringe all the way to tip where they enter sub-retinal space and cluster as in graphic (Video Editor: Possibly too much action for narrative, please cut/use appropriate animation as necessary)
(P4) Fig5.psd


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

Authors: 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.    
· Enter the name of the individual who will say each line. 
· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please also use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Marius Ader: This method can help answer key questions in the retinal regeneration field, such as, what is the capacity of transplanted photoreceptors to functionally integrate into the neural circuitry of the host for the restoration of vision?   
1.2. Tiago Santos-Ferreira: The implications of this technique extend toward the therapy of retinal degenerative diseases, as the enrichment of donor photoreceptors by MACS can be relatively easily adapted to GMP conditions.  
1.3. Dominic Eberle: Visual demonstration of this method is critical, as the transplantation steps are difficult to learn. The subtle handling and placement of the needle in the sub-retinal space is crucial to ensure maximum transplantation success and reproducibility.   

Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Retina dissociation
2.1. To dissociate the retinas, begin by briefly rinsing the heads of post-natal day 4 pups in 70% ethanol followed by a PBS wash. Then transfer the heads to cold HBSS.
2.1.1. [2.1.1 through 2.1.3 combined in one WIDE shot] WIDE: Few seconds Talent rinsing heads in ethanol(TEXT: Euthanasia: decapitation)
2.1.2. MED: Few seconds Talent rinsing heads in PBS
2.1.3. MED: Talent transferring at least one head to HBSS 
2.1.2 [added CU version] CU: Few seconds Talent rinsing heads in ethanol (first), PBS (second) and HBSS (last)
2.2. To enucleate the eyes, for each eye, first open the eyelid. Then, using a pair of curved forceps, grasp the organ at the optic nerve region and pull the eye carefully out of the orbit.
2.2.1. SCOPE ECU: Shot of eyelid being opened
2.2.2. SCOPE (AUDIO SLATE ONLY, shot within 2.2.1) ECU: Shot of forceps entering eye/grasping optic nerve, then few seconds eye being pulled out (Videographer: Split action into separate shots as necessary)
2.3. Next, to isolate the retina, introduce the tip of a pair of closed scissors into the optic nerve and open the blades.
2.3.1. ECU/SCOPE: Few seconds muscle being removed from eye
2.3.2 2.3.1 ECU/SCOPE: Tip of scissors being placed into optic nerve, then blades being opened 
2.4. Peal the retinal pigment epithelium-choroid out and use curved forceps to remove the lens and blood vessels.
2.4.1. ECU/SCOPE: Few seconds epithelium-choroid being pealed out
2.4.2. ECU/SCOPE: Few seconds lens/blood vessels being removed
2.5. Incubate the isolated retinas in a 2 ml reaction tube containing papain solution for 30 to 60 minutes in a shaker at 400 rpm and 37˚C.
2.5.1. MED: Talent placing tube in shaker
2.5.2. CU: Few seconds tube/retinas shaking
2.6. While the retinas are incubating, dispense 1 ml of ovomucoid solution into a 15 ml reaction tube labeled “1”. Then, to a 2 ml reaction tube labeled “2”, add 60 l of DNase I, 60 l of ovomucoid solution, and 520 l of EBSS.
2.6.1. MED CU: Shot of ovomucoid solution being pipetted into a tube labeled “1”
2.6.2. CU: Shot of at least one of mentioned reagents being added  (TEXT: “60 l DNase I, 60 l  ovomucoid solution, 520 l EBSS”).to tube labeled “2”, with containers labeled “DNase I”, “ovomucoid” and “EBSS” visible in frame
2.7. After the incubation, transfer the papain solution containing the partially digested retinas to reaction tube “2” and then triturate the retinas 10 times with a fire polished pipette.
2.7.1. MED: Last few seconds Talent removing retinal solution from tube then first few seconds Talent adding retinal solution to tube “2”
2.7.2. CU: Few seconds solution being triturated
2.8. Gently layer the single cell suspension on top of the ovomucoid solution in reaction tube “1” and centrifuge the cell solution for 5 minutes at 300 x g at room temperature. 
2.8.1. CU: Few seconds cell solution being layered on top of ovomucoid solution in tube “1”
2.8.2. MED: Talent placing tube(s) into centrifuge
2.9. Then discard the supernatant and resuspend the cells in 500 l of MACS buffer.
2.9.1. MED: Talent discarding supernatant
2.9.2. CU MED: Talent adds buffer to cells
3. Cell sorting using Magnetic Associated Cell Sorting (MACS)
3.1. To sort by MACS, first incubate the cells in 10 g/ml of rat anti-CD73 antibody on ice. After 5 minutes, wash the cells in 10 ml of MACS buffer. 
3.1.1. WIDE: Talent adding antibody to cells
3.1.2. CU: Tube(s) being placed into centrifuge (TEXT: 5 min, 300 x g, RT)
3.2. Then resuspend the pellet in 480 l of MACS buffer and incubate the cells in 120 l of goat anti-rat IgG MicroBeads on ice without agitation, shaking or mixing.
3.2.1. CU: Shot of pellet if visible, then pellet being resuspended in MACS buffer
3.2.2. MED: Talent adding beads to cells
3.3. After 15 minutes, wash the cells in 5 ml of MACS buffer. During the wash, place an LS column onto a MACS magnet and put a pre-separation filter on top of the column.
3.3.1. MED: Talent adding MACS buffer to cells 
3.3.2. (added shot) CU: Tube(s) being placed into centrifuge (Re-use 2.8.2. or 3.1.2., if this point is necessary here to demonstrate centrifugation necessary for washing, otherwise leave out) (TEXT: 5 min, 300 x g, RT)
3.3.2 3.3.3 MED: Talent places column into magnet, then places filter on top of column (Videographer: Split action into separate steps as necessary)
3.4. Next, hydrate the filter and the column with 3 ml of MACS buffer, collecting the buffer in a 15 ml tube labeled “W” for “wash”. 
3.4.1. CU (please get entire magnet/column/filter/tube set up in shot): Buffer being added to filter/column, then few drops of wash dripping into 15 ml tube labeled “wash” (Videographer: Split action into separate steps as necessary)
3.5. When the cells have finished spinning down, resuspend the pellet in 500 l of MACS buffer and then load the cells into the filter.
3.5.1. CU: Shot of pellet if visible, the MACS buffer being added to cells
3.5.2. CU: Shot of cells being added to filter
3.6. Add 1 ml of MACS buffer on top of the cells and then collect the negative fraction in a 15 ml reaction tube labeled “-“ for “negative”.
3.6.1. MED: Talent adding buffer to top of cells
3.6.2. CU: Few seconds negative fraction dripping into tube labeled “-”
3.7. Next add 3 ml of MACS buffer to the column 3 times to wash it.
3.7.1. MED: Talent adds 1 ml buffer to column, then few seconds Talent adding buffer to reaction tube (Videographer: Split action into separate steps as necessary)
3.7.2 3.7.1 MED: Talent adds 3 ml buffer to column at least one time
3.8. Now remove the column from the magnetic stand, install it on top of a 15 ml reaction tube labeled “+” for “positive”, and quickly load 5 ml of MACS buffer into the column. 
3.8.1. WIDE MED: Talent removes column from magnet, places it on top of reaction tube labeled “+”, then adds buffer to top of column (Videographer: Split action into separate steps as necessary)
3.9.  Plunge all of the buffer through the column, and then after spinning down the positive fraction, resuspend the pellet in 500 l of MACS buffer. 
3.9.1. CU: Few seconds of plunger being pushed
3.9.2. MED: Talent adding MACS buffer to tube
3.10. [bookmark: _GoBack]Place the cells at 4°C and count them. Then adjust the concentration to 2 x 105 cells/l in MACS buffer, keeping the cells at 4°C.
3.10.1. MED: Talent places tube at 4°C
3.10.2. WIDE MED: Shot of Talent at microscope, counting cells
3.10.3.  (added step) MED Talent put cells in centrifuge (Text: 5 min, 300 x g, RT) (NEW, centrifugation step to adjust concentration of cells. Use, if necessary)
3.10.3 3.10.4  (split step) MED: Talent adding MACS buffer to tube 
3.10.5  CU: Talent puts tube on ice or then places tube on ice (or other 4°C)
4. Transplantation of MAC-sorted photoreceptor precursor cells into the mouse retina
4.1. For transplantation of the isolated photoreceptor precursor cells, dilate the pupils of a sedated adult mouse with a drop of Phenylephrin-Tropicamid.
4.1.1. WIDE: Few seconds Talent add Phenylephrin-Tropicamid to mouse eye(s) (TEXT: Anesthesia: 0.01 mg/10 g medetomidine hydrochloride, 0.75 mg/10 g ketamine i.p.) 
4.1.2. ECU: Shot of Phenylephrin-Tropicamid being added to at least one eye (integrated into 4.1.1.)
4.2. While the pupils dilate, use a diamond pen to cut a cover slide into approximately 5 x 5 mm pieces.
4.2.1. ECU:MED – over the shoulder: Few seconds Talent cutting cover slide into 5 x 5 mm pieces
4.3. Place the mouse under a stereomicroscope, restrain the animal  in a mouse head holder,  and then apply a drop of Vidisic gel to each eye to prevent drying. 
4.3.1	[moved] CU: Few seconds mouse being placed in restrainer
4.3.2 4.3.1 MED: Talent placing mouse under stereomicroscope
4.3.2	CU: Few seconds mouse being placed in restrainer (former 4.3.1, change in order: mouse is placed under microscope FIRST, and THEN restrained)
4.3.3	ECU: Drop of Vidisic gel being applied to eye
4.4	Now use a 30 gauge half inch needle to make a small hole at the border between the sclera and the cornea. Then place one of the 5 x 5 mm cover slide pieces on top of the cornea, allowing direct visualization of the retina. 
4.4.1 SCOPE: Small hole being made in mouse eye between sclera and cornea with needle
4.4.2 SCOPE: Cover slide piece being placed onto cornea (4.4.2. combined with 4.4.1)
4.5   Next flush a pre-sterilized microliter syringe several times with sterile deionized water and then load the syringe with 1 l of the sorted cell suspension. 
4.5.1 CU: Few seconds of microliter syringe being flushed with deionized water
4.5.2 CU: Few seconds cell suspension being aspirated into syringe
4.6   Direct the needle diagonally through the conjunctiva and sclera, placing it in the nasal half of the retina. Then gently punch a hole through the retina to the sub-retinal space and inject the cells. Confirm the bullous, uniform detachment of the retina, which should cover approximately a quarter of the retinal space without any bleeding. Then withdraw the syringe gently…
4.6.1 SCOPE: (Scope shots for 4.6 and 4.7 all together) Needle being placed diagonally through conjunctiva and sclera to the nasal half of retina (Video Editor: At least show needle entering eye and then needle touching nasal half of retina when mentioned) 
4.6.2 SCOPE: Shot of hole being punched, then suspension being injected (Videographer: Split action into separate shots as necessary) (Video Editor: At least show hole being punched and few seconds of suspension being injected it can be visualized) 
4.7.1	SCOPE: Needle being placed diagonally through conjunctiva and sclera to the nasal half of retina (Video Editor: At least show needle entering eye and then needle touching nasal half of retina)
4.7.2	SCOPE: SCOPE: Shot of hole being punched, then suspension being injected (Videographer: Split action into separate shots as necessary) (Video Editor: At least show hole being punched and few seconds of suspension being injected it can be visualized)
4.7 … and flush it several more times with deinonized water.
4.7.1 [moved] SCOPE: Needle being placed diagonally through conjunctiva and sclera to the nasal half of retina (Video Editor: At least show needle entering eye and then needle touching nasal half of retina)
4.7.2 [moved] SCOPE: Shot of hole being punched, then suspension being injected (Videographer: Split action into separate shots as necessary) (Video Editor: At least show hole being punched and few seconds of suspension being injected it can be visualized)
4.7.3 MED: Few seconds Talent flushing syringe
4.8 Finally, release the mouse from the restrainer, inject the animal with atipamozole hydrochloride to reverse the effects of the anesthesia, and allow it to recover in a dark, 25°C chamber.
4.8.1 MED: Few seconds Talent removing mouse from restrainer
4.8.2 MED: Talent injecting mouse (Video Editor: At least needle entering skin)
4.8.3 (added shot) CU: Talent adding eye drops to the mouse eyes (NEW, but not necessary, please ignore) 
4.8.3 4.8.4 MED: Talent places mouse into chamber
5 Results: Donor GFP+ rod photoreceptor integration into the host retina 
5.1 In order to assess the ability of rod photoreceptors to integrate into the mouse retina, a mouse reporter line was used in which GFP is driven by the neural retina leucine zipper, or Nrl (Pronounce: N-R-L), promoter. As demonstrated in these histograms, the initial retinal cell suspension contained 30.4% GFP-positive rod photoreceptors. Following CD73-based MAC-sorting, an enrichment of up to 86.9% of the GFP-positive photoreceptor precursor cells was observed in the CD73-positive fraction. In the CD73-negative fraction, only 9.9 % of the cells were positive for GFP. 
5.1.1 LAB MEDIA: Fig 3A.psd 
(Video Editor: with “the initial … rod photoreceptors” please highlight the green area in the first/left graph and the “30.4%” text; 
with “ Following … in the CD73-positive fraction” please highlight the green area and the “86.9%” text in the middle graph; 
with “In the CD73-negative … for GFP” please highlight the green area and the “9.9%” text in the last/right graph)
5.2 The enrichment of Nrl-GFP-positive cells following CD73-based MACS is also observed after plating in vitro.
5.2.1 LAB MEDIA: Fig3B.psd (Video Editor: with “The enrichment … observed” please highlight the right “CD73+” image)
5.3 The donor cells remain at the site of injection, as defined by the bullous detached host retina, and integrate into the outer nuclear layer of the host retina, acquiring the morphology of mature photoreceptors.
5.3.1 LAB MEDIA: Fig5.psd 
(Video Editor: with “donor cells … injection” please highlight/indicate with a big arrow or bracket on the side of the image/other appropriate animation/marker the longer green cells at the top of the image; [ANNOTATION FROM THE AUTHORS: “the longer green cells at the top of the image” are actually the inner segments, a special cellular compartment of the integrated photoreceptor cells and not other cells at that place. You might show a picture of the bullous detachment from the video footage point 4.6.1 instead.]
with “into the outer … photoreceptors” please indicate the/at least some of the rounder green cells dispersed throughout the middle blue layer;
with “acquiring … photorecptors” if possible please outline at least one of the green round cells dispersed throughout the middle blue layer) [ANNOTATION FROM THE AUTHORS: please do not forget to outline also the inner/outer segment (pointing up from the central nucleus at the picture) and the axonal terminal (pointing down at the picture) from that photoreceptor. One example from us is inserted below.]
[image: Fig5_highlightedPhR]

INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    
        uninjected control at 48 hours post fertilization looks normal, as expected 
        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms
                     containing the first of two EGF-like repeats, exhibit brain edema.
	        -LAB MEDIA: 0123_PIname_Figure2.tif	

5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 
        the heads of the uninjected controls look normal 
        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     
                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj


6 Conclusion (said by authors on camera)
Authors: 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. You may revise the given prompts if necessary to better fit your protocol.

6.1 Tiago Santos-Ferreira: Once mastered, MAC-sorting can be done in 1.5 to 2 hours if it is performed properly.
6.2 Marius Ader: This proceduce can also be adapted for the enrichment of stem cell – derived photoreceptors or even other retinal cell types, given the availability of specific antibodies, to answer additional questions in regard to the restorative or rescue potential of cell transplantation into the retina.
6.3 Dominic Eberle: After watching this video, you should have a good understanding of how to transplant MACS-enriched photoreceptor precursor cells to the sub-retinal space of recipient mice.

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, 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.  

Fig1.ppt -  overview of the whole procedure
3. – Fig2.mov -  schematic film demonstrating MACS with retinal cells using the CD73 antibody (AUTHORS COMMENT: use, if you want. If you want to create a different cartoon, use parts of this cartoon or if you want to modify it, please contact Dominic Eberle)
5.1 – Fig3A.psd -  FACS-analysis of Nrl-GFP positive cell enrichment following CD73-based MAC-sorting
5.2 – Fig3B.psd -  in vitro analysis of Nrl-GFP positive cell enrichment following CD73-based MAC-sorting
5.3 – Fig5.psd -  Integration of transplanted, Nrl-GFP photoreceptor cells
4.7 – Fig4.psd – cartoon of the sub-retinal injection (AUTHORS COMMENT: use, if you want)


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, as well as an introduction to your videographer, closer to your filming date.
 2011, Journal of Visualized Experiments
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