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Title: Using Adeno-Associated Virus as a Tool to Study Retinal Barriers in Disease
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? 
Yes: Binocular dissection microscope 76B2 Zoom 0.66 x to 5 x with statif LEDS epi and dia.
B.  Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N
C.  From the steps you’ve indicated that you would like filmed, which steps of your protocol will viewers benefit most from having filmed? Steps 2-3-4 are most important.
D.  Will the filming need to take place in multiple locations? (Y/N) N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of this procedure is to investigate the blood-retinal barrier permeability and the inner limiting membrane integrity in animal models of retinal disease. (Intro)  This is accomplished by first injecting AAV particles containing a GFP transgene into the vitreous or into the bloodstream. (P1) The second step is to sample blood at different time-points after the injections. (P2)   The blood-sampling is complemented by weekly in vivo fundus imaging. (P3)  The final step is to perform immunohistochemistry on retinal flatmounts and retinal cryosections. (P4)  Ultimately, confocal microscopy and PCR are used to show the transduction pattern indicator of the ILM integrity and to detect AAV particles in the bloodstream, thus demonstrating permeability of the blood-retinal barrier. (P5)
Video editor:
We were not provided cartoons, but we have reasonably useful still images to work from (Fig 1):

P1 – Begin by creating a graphic of the rAAV particles, then zoom out to show these balls are loaded into a syringe (the balls are microscopic, so they are just a solution in the syringe).  

P2 – Animate the syringe injecting a structure like that in the intravitreal injection, the structure might be drawn by creating contrast lines from the first image in that sequence.  The syringe enters and deposits a fluorescent green solution.  Title this animate “Intravitreal Injection”.  We won't both with showing intrapenile injections.

P3 – Here we can show the stills with the title “Fundus imaging using Micron III”

P4 – Now show the “Cryosection” image and the “Flatmount” image, with titles.  They can be side-by-side.

P5 - Figure 2 H followed by Figure 3 at “to detect”.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Brahim El Mathari: The main advantage of this technique over existing methods is that the AAV based method gives information on the blood retinal barrier permeability not provided by other assays. (should have a take without it (1.1 take 7 a 4/08/00), else use the 1.1B right after “permeability”)
1.1b EXTRA Ophélie: Indeed, use of AAV will give information not provided by smaller reporter molecules from other assays.
1.2. Deniz Dalkara:  The implications of this technique extend toward AAV-mediated gene therapy, because it helps to ensure the blood retinal barrier impermeability to AAV particles thus avoiding any undesirable side effects.

1.3. Alvaro Rendon: Moreover this method can provide insight into inner limiting membrane integrity in other animal model of retinal disease, such as diabetic rats.

1.4. Ophélie Vacca:  We first had the idea for this method, when we saw that the retina of our Dp71-null mouse model, showing a blood retinal barrier breakdown, was more efficiently transduced than wild-type retina.
Protocol (read by voice talent at JoVE):
2. Intravitreal injection of AAV.
2.1. Begin by anesthetizing C57-Black-6J mice. [WID]

2.1.1. establishing shot with general motions of injecting mouse,  TEXT: 50 mg ket + 10 mg xyl / kg 

2.2. Check for the loss of three reflexes: the righting reflex … [CU]

2.2.1. tests righting reflex

2.3. …the withdrawal reflex … [CU]

2.3.1. tests withdrawal reflex

2.4. …and tail pinch response.  Loss of these reflexes confirms anesthetization. [ECU]

2.4.1. Performs tail pinch

2.5. Next, dilate the pupils by applying 5% neosynephrine and 0.5% mydriaticum [2.5.1- CU] to the cornea from a dropper. [2.5.2 – ECU]

2.5.1. lifting dropper from labeled vial

2.5.2. NC (take 3)
2.6. Then, use a veterinary ointment to lubricate the eyes so they do not dry too much. [CU]

2.6.1. NC
2.7. Now, load an ultrafine 30-gauge disposable needle [2.7.1 - MED] with stock solution containing one to four times ten to the eleventh particles of AAV-GFP. [2.7.2 – CU]

2.7.1. preparing the needle to load it

2.7.2. loading needle (take 2)
2.8. Ophélie Vacca:  Generally, people new to this method will struggle because they have to perform the safest intravitreal injection without touching the lens or the retina. [WID]

2.8.1. interview shot at bench
2.9. Then, pass an ultra-fine 30-gauge disposable needle [2.9.1 - CU] through the equator and next to the limbus, into the vitreous cavity.  [2.9.2 - ECU] 
2.9.1. mouse set up to be injected, talent prepared to introduce needle
2.9.2. show introducing needle into the eye

2.10. After introducing the needle to the eye, inject a microliter of solution while observing the needle at the center of the vitreous cavity. [ECU]

2.10.1. NC (plus lab media : videocapture: ivt 2_1.mp4)
2.11. Use one eye as a control for inner limiting membrane experiments and inject both eyes for blood retinal barrier experiments. [CU]

2.11.1. repeating injection on 2nd eye, wider view

2.12. After the injection, apply an anti-inflammatory [2.12.1 - MED] and an antibacterial topical treatment to each injected eye.  [2.12.2 – MED]

2.12.1. applying one treatment to both eyes

2.12.2. applying second treatment to both eyes

2.13. One week later, [2.13.1 - WID] dilate the pupils with neosynephrine and mydriaticum [Reuse 2.5.2] and perform fundus examinations with an eye fundus camera. [2.3.2 – WID] Track the GFP expression with observations at one week, two weeks, one month and two months post-injection. [2.13.3 - MED]

2.13.1. establish talent working with mouse, one week later, so he/she looks a smudge different

2.13.2. setting up

2.13.3. operating a fundus exam
3. Immunohistochemistry: Retinal Cryosections
3.1. After harvesting the eyes from a euthanized, injected animal, [WID] dissect the eyes to remove lens and cornea. [MED]

3.1.1. WID: setting up for dissection

3.1.2. MED: performing dissection

3.2. Then, immersion fix the dissected eye in 4% paraformaldehyde for an hour. [CU]

3.2.1. NC

3.3. After an hour, cryoprotect the eyes in 10% sucrose for another hour at room temperature. [MED]

3.3.1. be sure baths are labeled with solution names, in view and in focus 

3.4. Then, soak the eyes in 20% sucrose for one third of an hour at room temperature. [MED]

3.4.1. moving between baths (end of the footage)
3.5. Finally, leave the eyes in 30% sucrose solution, overnight at 4 °C. [WID]

3.5.1. moving between baths and placing new bath in 4 ºC

3.6. The next day, embed and freeze the eyecups in an embedding resin, such as Cryo-matrix. [CU[ 

3.6.1. show embedding process

3.7. Then, using the cryostat [WID] …

3.7.1. establish talent using cryostat

3.8. ... make 10-micron sections and mount them to slides prepared for frozen tissue. [ECU]

3.8.1. sections falling off block with cryostat in operation

3.9. Now, permeabilize the section on the slides with detergent for 5 minutes. [CU/TEXT]

3.9.1. sections on slides dunked into solution, TEXT: 0.1% Triton X100 in PBS, pH 7.4,. 5 min  

3.10. Follow this with two brief washes in PBS. [MED/TEXT]

3.10.1. show one of two washes, TEXT: Wash 2X

3.11. Then, block the eyes for an hour at room temperature.  [MED]

3.11.1. Moving slides into block bath, TEXT: 1% BSA + 0.1% Tween 20 in PBS, 1 hr , RT
4. Immunohistochemistry: Retinal Flatmounts
4.1. For retinal flatmounts, facilitate the dissection… [WID]

4.1.1. establish setting

4.2. … by fixing the enucleated eyes in 4% paraformaldehyde for 15 to 30 minutes. [MED]

4.2.1. Moving eyes into 4% PFA bath, labeled
4.3. Marie Darche:  This fixation and the fixation following the dissection must be performed properly, as this is critical to preserve the GFP fluorescence. [WID]

4.3.1. interview at bench
4.4. Within 15 to 30 minutes of the fixation period, dissect the eyes. [MED]

4.4.1. setting up for dissection

4.5. Remove the cornea and lens. Separate the retina from the retinal pigment epithelium and from the sclera by cutting around the ora serrata and the optic nerve. [ECU]

4.5.1. NC (numbering mistake, 4.4.1 again)
4.6. After the dissection, immerse the retinas in 4% paraformaldehyde for another 30 minutes [4.6.1 - MED] to fix the tissue and the fluorescent protein in transduced retinal cells. [4.6.2 - ECU]

4.6.1. NC

4.6.2. retina floating around in fixative

4.7. After the fixation, wash the specimen for five minutes in sterile PBS at pH 7.4. [MED]

4.7.1. NC

4.8. Then, change the PBS to blocking buffer [4.8.1 - MED] and incubate the retinas for 4 hours at room temperature or overnight at 4 °C.  [4.8.2 – WID]

4.8.1. NC

4.8.2. setting up the incubation at 4 ºC
5. Immunohistochemistry: Labeling, Mounting and Imaging
5.1. Begin the labeling step by incubating the samples [5.1.1 - WID] with the primary antibodies in blocking buffer for either four hours at room temperature or overnight at 4 °C. [5.1.2 - MED] (TEXT: See the text protocol for suggested 1º Ab concentrations.) (the following process has to be done on the 2 previous methods)
5.1.1. establish talent preparing the Ab bath

5.1.2. moving slides into bath, drops on the slide starting timer for 4 hours, room temp process

5.2. After applying the primary antibody, wash the tissues three times with PBS. [MED/TEXT]

5.2.1. show one wash, TEXT:  Wash 3X with PBS, 5 min / wash

5.3. Then, incubate tissues in a one to five hundred dilution of alexa fluor-conjugated antibodies [5.3.1 -MED] in blocking buffer.  Incubate for one hour for cryosections, or two hours for flatmounts. [5.3.2 – CU] Do this at room temperature and protected from light. [5.3.3 – MED]

5.3.1. preparing bath

5.3.2. placing slides into new bath

5.3.3. covering bath, shielding from light 

5.4. After the secondary has been applied, remove it with three washes in PBS, as before. [CU/TEXT]

5.4.1. dunking into one wash, starting timer TEXT: Wash 3X with PBS, 5 min / wash

5.5. Now, make relieving cuts to the retina so that it can be [5.5.1 - ECU] mounted flatly onto a glass slide with either the photoreceptors or retinal ganglion cells facing upwards. [5.5.2 -ECU]

5.5.1. NC

5.5.2. mounting process showing getting the retina perfectly spread flat like a flower (with 5.5.1)
5.6. Apply an aqueous mounting medium and a coverslip. [CU]

5.6.1. NC

5.7. The slides can be stored at 4 °C prior to confocal microscopy imaging. [WID]

5.7.1. loading prepared slides into box and placing box in refrigerator
6. PCR Analysis of Mouse Blood Samples
6.1. Begin with generating a positive control for circulating AAV particles. First take a ten to twenty microliter blood sample before injecting the AAV. [LM]

6.1.1. animate LAB MEDIA: blood sample.tif with the help of LAB MEDIA: blood sample text.docx
6.2. Then, once anesthetized, inject 100 µl of the stock viral solution into the bloodstream. [STOCK, TEXT]
6.2.1. Continue Macholz video 11:00 – 12:00, TEXT: 100 µL AAV, insulin syringe, 6 mm needle;
6.2b
[added] The easier way to inject substances into the bloodstream is the penile vein. In this videocapture, we inject blue dye as a visual control of the injection. LAB MEDIA: ipn 2_1.mp4
6.3. Over the next three days, continue to take a small blood sample periodically, and then sacrifice the mouse. [STOCK, TEXT]
6.3.1. Continue Macholz video 11:00 – 12:00, TEXT:  3 hours, 24 hours, 2 days, 3 days

6.4. From a tissue sample, extract the genomic DNA from the samples using a commercial kit. [WID]

6.4.1. any general action of performing a DNA extraction with kit

6.5. Using the DNA, perform a PCR amplification with a primer pair to GFP [6.5.1 - MED].  Run 30 cycles with 45 second extensions and 55 ºC annealing. [6.5.2 – WID/TEXT]

6.5.1. preparing PCR reaction mixtures at bench

6.5.2. setting up PCR machine, starting cycle, TEXT: See text protocol for details.
7. Inner Limiting Membrane Permeability in Dp71-null Mice
7.1. Retinal transduction of Müller glial cells was expected to increase using ShH10 mice...

7.1.1. LAB MEDIA: fig2AB.tif
7.2. ... if the animal model showed perturbations in the structure of the inner limiting membrane.  Dp71-null mice have compromised retinal barriers and are hence a useful comparison.

7.2.1. LAB MEDIA: fig2CD.tif
7.3. In the Dp71-null mice, intravitreal injection of ShH10 targets Müller glial cells more efficiently. This indicates a destabilization of the inner limiting membrane in this transgenic mouse line, as compared to wild-type controls.

7.3.1. LAB MEDIA: fig2EF – remove the GFP/GFAP panel

7.4. Injecting AAV5-GFP demonstrated inner limiting membrane permeability as well. AAV5 was ineffective by intravitreal injection in wild-type mice ...

7.4.1. LAB MEDIA: fig2G
7.5. … but became strongly effective in gene delivery to photoreceptors in mice with compromised retinal barriers, such as with the Dp71-null mice.

7.5.1. LAB MEDIA: fig2H

7.6. By PCR analysis, the blood-retinal barrier in Dp71-null mice remains selective to AAV particles since no trace of AAV was found in their blood samples after intravitreal injection.

7.6.1. LAB MEDIA: Figure 3
8. Conclusion (said by authors on camera)
8.1. Ophélie Vacca: After watching this video, you should have a good understanding of how to use AAV, in order to test the ILM integrity or the BRB permeability, by analyzing the transduction pattern of the retina or the AAV particles presence into the bloodstream.  
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.

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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