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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _____Y____ If yes, please list make and model of your microscope: __________________LEICA MZ6____________
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? Intravitreal injection of compounds, retinal extraction and flatmounting and cardiac perfusion.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of this procedure is the intravitreal injection that must be performed carefully without damaging eye structures.
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to explore strategies to promote regrowth of functional blood vessels within the retina and the CNS after ischemic injury. (Intro)
This is accomplished by first using a mouse model of oxygen-induced retinopathy. (P1)
Next, compounds are delivered to the eye by intravitreal injections. (P2)
Vessel perfusion and barrier function are then verified by fluorescein angiography. (P3)
The final step is to extract the eye and isolate the retina.  The retina is then stained and mounted before imaging. (P4)
Ultimately, immunofluorescence microscopy is used to assess rates of vascular regeneration following intravitreal treatments or in mice with genetic modifications. (P5)
P1: Schematic overview.ai, P1, place the mice in the box, add the text “75% hyperoxia”
P2: Schematic overview.ai, P2, insert the needle into the eye

P3: Schematic overview.ai, P3, place the needle into the heart (red box) and inject the yellow substance
P4: Schematic overview.ai, P4, Starting with the first eye image, remove the cornea and then  make cuts around the dotted red lines.  Next, remove the “ball” from the “cup”.  Place 4 cuts in the yellow retina “cup” and then flatten it into the last image (use figure 2 as guide).  End with the image of the stained retina in P5
P5:  LAB MEDIA: figure 2, panel B
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Mike Sapieha: This technique provides an easy, highly reproducible system in which to assess vascular regeneration within the CNS and is helpful in designing future therapeutic strategies to remedy ischemia.   

1.2. Khalil Miloudi: This method can help answer key questions about the molecular mechanisms that drive or prevent functional regeneration of blood vessels in the CNS. It can be used to study the impact of genes, pharmacological compounds or elucidate pathological mechanisms that stall vascular growth.
1.3. Agnieszka Dejda: In addition to ocular diseases, this technique can be extrapolated to other areas of the CNS such as the brain and spinal cord.
1.4. Agustin Cerani:  Practice is required to successfully inject compounds into the vitreous humor of mouse pups and to carefully handle fresh retinas.
Protocol (read by voice talent at JoVE):

2. Oxygen Induced Retinopathy (OIR) and Intravitreal Injection
2.1. To begin, place mouse pups at P7 and a CD1 fostering mother into an oxygen chamber set at 75% O2. Five days later, remove the animals from the chamber and return them to normal housing conditions. 
2.1.1. WIDE: Talent walks up to chamber with animals
2.1.2. MED: Talent places animals in chamber
2.1.3. MED: Talent removes animals from the chamber
2.2. Next, at P12 or P14, intravitreal injections are performed to deliver compounds to the inner retina. After anesthetizing mice, verify the effectiveness of the anesthesia by sequentially pinching the tail, rear foot and ear with forceps.
2.2.1. MED: Talent enters with animals
2.2.2. MED: Talent verifies depth of anesthesia. Text overlay (2% isoflurane)
2.3. When ready, place the mouse on its belly. Pinch the conjunctiva with forceps and rotate the eye. Gently cut the conjunctiva with a pair of microdissection scissors, taking great care to avoid damaging the capillaries.
2.3.1. MED: Talent places mouse on its belly
2.3.2. CU: Talent grasps and rotate the eye
2.3.3. CU: Talent cuts eye, avoiding capillaries 
2.4. A beveled pulled glass needle attached to a 10 µl syringe with a drop of epoxy-resin should be prepared ahead of time.
2.4.1. CU: Talent holds up prepared syringe
2.5. Locate the injection site at the posterior limbus of the eye, insert the needle at a 45° angle and inject the compound of interest. 
2.5.1. CU: Talent points to the injection site with 30 G needle the 10 µl syringe. and then punctures the surface
2.5.2. CU: Talent inserts the 10 µl syringe needle. Emphasize the angle
2.5.3. CU: Talent injects compound
2.6. After applying ointment to the eye return the mouse back to the cage with the foster mother.
2.6.1. MED: Talent places animal in cage, eyes should be covered with ointment walks with a swab and ointment
2.6.2. [added] MED: Talent applies the ointment on the swab
2.6.3. [added] MED: Talent puts the ointment and the swab down under the hood
2.6.4. [added] MED: Talent applies the ointment onto the eye with the swab
2.6.5. [added] MED: Talent puts the mouse back to the cage
2.6.6. MED: Talent goes away
3. Assessment of Vessel Perfusion and Barrier Function by Fluorescein Angiography
3.1. To begin, centrifuge the fluorescein-dextran solution and collect the supernatant. To prevent vessel constriction, warm the fluorescein-dextran solution before injecting.            

3.1.1. MED: Talent retrieves solution from centrifuge
3.1.2. MED: Talent collects supernatant
3.1.3. MED: Talent warms the solution
3.2. Next, confirm the depth of sedation in the anesthetized mouse.
3.2.1. MED: Talent confirms sedation. Text overlay (2% isoflurane)
3.3. When ready, make a midline incision over the abdomen with dissecting scissors.
3.3.1. MED: Side shot, Talent makes a midline incision
3.4. After opening the ribcage and removing peripheral tissue from the heart, clamp the descending aorta.
3.4.1. CU: Once exposed, Talent makes and incision into the right atrium clamps the descending aorta.
3.5. Insert a 25 gauge needle filled with warmed fluorescein-dextran into the left ventricle and perfuse the solution.
3.5.1. CU: Talent performs injection
4. Enucleation and Eye Fixation
4.1. Within two minutes of the injection, decapitate the animal and place the head on its side.
4.1.1. MED: Talent places head on side
4.2. Remove the skin and eyelids covering the eye with dissecting scissors.
4.2.1. CU: Talent removes skin and eyelids
4.3. Next, place curved forceps below the eye and gently pull it up until the optic nerve is severed.
4.3.1. CU: Talent severs the optic nerve
4.4. Turn the mouse’s head onto the other side and repeat these steps.
4.4.1. CU: Talent repeats steps on other side
4.5. To ensure better penetration of fixative, puncture a hole in the anterior chamber of the eye using a 30G needle. 
4.5.1. CU: Talent punctures hole in eye
4.6. Transfer the eyes to a tube containing 4 % paraformaldehyde (PFA) and fix for 1 hour at room temperature. After this time, remove the PFA and wash the eyes 4 times with ice-cold PBS.
4.6.1. CU: Talent transfers eyes to dish tube with PFA
4.6.2. MED: Talent removes the PFA
4.6.3. MED: Talent washes the eye with PBS
5. Retinal Dissection
5.1. Place the eyes in a Petri dish containing cold PBS and position them under a stereomicroscope.
5.1.1. MED: Talent places dish under microscope
5.2. Once in place, remove any extra tissue surrounding the eye with micro-dissection scissors and cut the cornea.
5.2.1. SCOPE: Talent removes tissue
5.2.2. [added] SCOPE: Talent cuts the cornea
5.3. Use two pairs of forceps to peel the sclera away from the periphery towards the optic nerve.
5.3.1. SCOPE: Talent peels away sclera
5.4. Pinch the lens with forceps and extract it from the eye cup. Use one pair of forceps as a support and the other to grip and carefully raise and remove the lens.
5.4.1. SCOPE: Talent pinches lens 
5.4.2. SCOPE: Talent uses one pair of forceps as support while using the other to grip and remove the lens
5.5. Detach the hyaloid vessels from the inner side of the retina using a small brush and forceps.
5.5.1. SCOPE: Talent detaches the vessels
5.6. Next, remove bundles of hyaloid vessels connected to the optic disc using forceps.
5.6.1. SCOPE: Talent removes vessels from optic disc
5.7. Transfer the dissected retinas to a 2 ml micro-centrifuge tube containing PBS and place on ice prior to starting the staining procedure.
5.7.1. MED: Talent transfers retina to tube
5.7.2. MED: Talent puts tube on ice
6. Retinal Vascular Staining
6.1. The dissected retinas are first incubated overnight with gentle shaking at 4 °C in a solution of fluorescently coupled-isolectin B4. During the entire staining procedure, the tubes should be covered with aluminum foil to protect them from light
6.1.1. MED: Talent places tubes on shaker
6.1.2. MED: Shot of tubes on shaker, covered in foil
6.2. On the following day, remove the staining solution and wash the retinas 3 times in PBS for 10 minutes at room temperature. 
6.2.1. MED: Talent removes stain solution
6.2.2. MED: Talent washes retinas
6.3. Transfer the retinas, photoreceptor-side down, onto a microscope slide. While bracing the retina with a brush, make four deep equidistant radial incisions using a surgical scalpel.
6.3.1. CU: Talent transfers retina to slide
6.3.2. SCOPE CU: Talent makes incisions into retina
6.4. Using two brushes soaked in PBS, place the retina, with the photoreceptor side facing down, onto a slide and immerse it in mounting medium to prevent photo-bleaching.  Carefully place a coverslip on the surface of the mounted retina without applying pressure and avoiding air bubbles.
6.4.1. CU: Talent transfers slice to slide and immerses it retina in mounting medium
6.4.2. CU: Talent applies coverslip
6.4.3. CU: Shot of coverslipped slide with air bubbles removed 
6.5. Finally, the slides are imaged and quantified for vasoobliteration (VO). 
6.5.1. MED: Talent views slide through microscope

7. RESULTS: Vascular Regeneration in the Mouse Retina
7.1. A dose-dependent increase in vascular regeneration was observed after Netrin-1 was injected at P14 and regrowth assessed at P17.
7.1.1. LAB MEDIA: Figure 3A, present the images starting from the left and moving to the right.
7.2. Vessels with compromised barrier function leak fluorescence after perfusion with a fluorescent Dextran.
7.2.1. LAB MEDIA: Figure3B, first show the top panels and then bring in the bottom
7.3. After an intravitreal injection of a lentivirus at P3, the inhibition of IRE1α dramatically enhanced vascular regeneration in the vascular growth phase at P17. 
7.3.1. l. LAB MEDIA: Figure 4b, highlight or circle the black bar to demonstrate its significance and then pan to the images on the right 
8. Conclusion (said by authors on camera)

8.1. Khalil Miloudi: Once these techniques are mastered, intravitreal injection, cardiac perfusion, and retinal extraction should each take about 10 minutes, if they are performed properly.
8.2. Agnieszka Dejda: While attempting this procedure, it’s important to preserve the 3D structure of eye. Avoid any excessive pressure that can damage the retina and compromise results.
8.3. Agustin Cerani: Don't forget that working with animals, viruses or bioactive compounds can be extremely hazardous. Safety precautions and sterilized tools should always be used while performing this procedure.   

Provided Media

Authors, please list all additional* 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.  

*Figure files already uploaded do not need to be provided again unless modifications have been made.

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.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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