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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Y.  Make and model of your microscope: HRA/Spectralis confocal scanning laser ophthalmoscope (Heidelberg Engineering).  

We are not going to need any SCOPE shots, however, because all the visualization is done by a monitor from which we will take SCREEN CAPTURES
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Y, of 3 PC-based programs. 
C.  Which steps of your protocol will viewers benefit most from having filmed?
Please highlight the most important steps to film for the videographer.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. 1.9 and 1.10 (the specifics are described in 1.9.3 through  1.9.5. and 1.10.1 through 1.10.3).
E.  Will the filming need to take place in multiple locations? Y, in two locations. If yes, how far apart are the locations? Walking distance (~ 3 blocks).
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of the following experiment is to characterize microglial dynamics in a mouse model of chronic glaucoma by in vivo confocal imaging of the retina.  (Intro)  This is achieved by non-invasive, monthly confocal ophthalmoscopy, or cSLO (pronounced C-S-L-O), to view the fluorescent microglia on the retina and optic nerve head. (P1)  Live image analysis using threshold-based cell soma segmentation and  morphometry quantifies changes in microglial cell number and activation. (P2)   The results show that monthly cSLO imaging in live mice can be used to monitor the kinetics of microglial cell density, distribution and morphological activation during the early progression of chronic neurodegeneration. (P3)
Video editor:
P1 -  Starting in the upper left of the graphic, left text centered on top. Nothing to animate.

P2 -  Pan to the center part of the graphic, middle text centered on top. Animate the objects on the screen appearing.

P3 – Pan down to the lower right and keep the text centered on top.  Fade the provided square graphic with results figure 7A, 7B, 7C.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Monica Vetter: The main advantage of this technique over existing methods, like two-photon confocal imaging of GFP+ microglia in mouse brain, is that cSLO imaging of the retina allows direct observation and monitoring of microglial cells throughout the progression of neurodegenerative disorders of aging in the intact organism. 

1.2. Alejandra Bosco: I first had the idea for this method after we demonstrated ex vivo that microglia showed intense activation and clustering in the central retinas of young DBA/2J mice, at ages preceding detectable neurodegeneration.  In order to ask whether these early innate immune responses that preceded detectable glaucoma did herald neurodegeneration, we needed to establish an in vivo approach to track microglial changes. 

1.3. Monica Vetter: Demonstrating the procedure for live image acquisition will be Cesar Romero, a technician from my laboratory.

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician looks up from workbench and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Setting Up for Confocal Scanning Laser Ophthalmoscopy (cSLO)
2.1. To begin operations, start the cSLO system and enter the session information.

2.1.1. WID: turning on system, pan over cSLO set up, entering some data into computer

2.2. Next, prepare for imaging.  Securely attach a clean 55 degree wide-field objective lens. Cover the imaging platform with a heating pad and get ready to hold a mouse.
2.2.1. MED CU: attaching lens

2.3. [moved]Then, secure a heating pad to the imaging platform and cover the pad with paper.

2.3.1. CU: attaching heating pad to stage

2.3.2. MED: covering with paper

2.4. [moved]After anesthetizing the mouse (TEXT: 250 mg 1.3% 2,2,2-tribromoethanol / kg + 0.5 ml 0.8% tert-amyl alcohol / 25 g) confirm that is unresponsive to a tail pinch. 

2.4.1. [moved] ECU: performing toe pinch 

2.5. Place a mouse over the imaging platform two minutes after administering the anesthetic, and dilate both pupils using mydriatic drops. (TEXT: 0.5 % tropicamide with 0.5% phenylephrine for seven minutes) 

2.6.1 [moved] MED: placing mouse on platform

2.5.1. ECU: adding drops to eyes 
2.6. Five minutes later, confirm that the mouse is anesthetized. Next, using minimal pressure cover each eye with contact lenses.
2.6.1. [moved] MED: placing mouse on platform

2.4.1 [moved] ECU: performing toe pinch 
2.6.2. ECU: applying a contact lens

2.7. Orient the mouse so the right eye meets the objective lens and the orbit is parallel to the lens.  The animal does not need to be restrained, but maintained at a constant distance from the objective lens, with the eye aligned with it.

2.7.1. ECU: positioning eye to lens, eye meeting lens

2.7.2. ECU: different angle of eye positioned to lens, orbit parallel to lens

2.7.3. CU: show how mouse is kept secure unrestrained and motionless.
2.8. For the next ten to fifteen minutes, the mouse will not move or blink during imaging while its eye movements are tracked by the cSLO live imaging system.

2.8.1. MED: talent starts operating system

2.8.2. Reuse: screen capture from below with system tracking eye

2.8.3. CU: mouse at end of imaging starts to move
3. In vivo Imaging of Retinal Microglia by cSLO
3.1. Start the imaging session by collecting a fundus view of the inner retina. For this, select the infrared mode, which corresponds to an excitation wavelength of 820 nm. 
3.1.1. WID: establish set up with talent working at computer station and mouse set up

3.1.2. MED + WID: talent working with computer setting up the laser parameters selecting the infrared mode
3.1.3. [added] SCREEN CAPTURE: selecting the infrared laser mode
3.2. Then, adjust the laser power to 100% and the sensitivity between 40 and 60 percent.
3.2.1. SCREEN CAPTURE: setting up the laser parameters listed above LAB MEDIA: Figure 2C
3.3. Next, working at high speed (TEXT: of 12.6 frames per second), locate the eye using the joystick to orient the ophthalmoscope and prepare to collect a fundus view of the optic disc and retinal vasculature.
3.3.1. SCREEN CAPTURE: setting speed to 12.6 frames/sec
3.4.1
[moved]
 MED: operating joystick and scope to get eye on screen
3.3.2. [added] SCREEN CAPTURE: locating eye
3.4. [moved] Locate the eye using the joystick to orient the ophthalmoscope and ...
3.4.1. [moved]MED: operating joystick and scope to get eye on screen

3.5. Inspect the cornea and lens for injury or opacity.  Exclude eyes with defects or injury from the study - such marks will alter the imaging.

3.5.1. LAB MEDIA: Figure 3A

3.6. Now, by bringing the objective closer to the eye ...

3.6.1. ECU: objective moving toward eye
3.7. … locate the optic disc area, which is the surface of the optic nerve head, or ONH. Then, center the image on the ONH.

3.7.1. CU MED: locating optic disc adjusting the joystick
3.7.2. SCREEN CAPTURE: centering image on ONH

3.8. Positioning the ONH correctly is key to obtaining an even focus and emission across the image.

3.8.1. CU: screwing in the joystick

3.8.2. MED: talent looking at the screen, showing a perfect image of the ONH, then returning to operating the computer
3.9. The next step is to visualize the inner planes of the retina, as well as the ONH. For a reference focal plane use major blood vessels located on the vitreal surface of the retina, which correspond to 59 and 60 Diopters, or even deeper at 55 Diopters in excavated optic disc areas. 

3.9.1. SCREEN CAPTURE: focusing in on inner planes, before adjusting saturation

3.9.2. CU: screen, talent points out major blood vessels to use as reference points
3.10. Next, adjust the image saturation using the knob on the touch panel until a white halo of illumination spans most of the fundus around the optic disc.  Then, select the lower saturation that renders a uniform halo, indicative of an optimal contrast for that eye. It may be necessary to realign the camera if dark areas persist.
3.10.1. SCREEN CAPTURE: adjusting saturation as described

3.11. It may be necessary to realign the camera if dark areas persist.

3.11.1. MED: checking camera alignment, pointing out the adjustment points to change the alignment. dark image areas
3.11.2. [added] SCREEN CAPTURE: adjusting saturation as described
3.12. Now, collect a high-resolution fundus image of the central retina, by averaging 30 frames taken in real time to improve the signal-to-noise ratio.  This corresponds to 4.7 frames per second, normalized.

3.12.1. SCREEN CAPTURE: steps to get an infrared image of central retina

3.12.2. LAB MEDIA: Figure 2D – use only if useful beyond the screen capture

3.13. Immediately and at the same position, prepare to collect a fluorescence image of the GFP-positive cells.  Switch to fluorescence imaging mode in the touch screen panel, which selects the blue laser with 488-nm laser excitation and a 460-490 nm barrier filter set ... and set the acquisition to 100% laser power and 100-125% sensitivity.

LAB MEDIA: Figure 2G – selecting the composite command
3.13.1. SCREEN CAPTURE: steps to take image of GFP cells at same location

3.13.2. LAB MEDIA: Figure 2E – use only if useful beyond the screen capture

MOVE 3.14 TO AFTER 3.16
3.14. Cesar Romero: Care should be taken during acquisition of the composite image. Images at high resolution can be lost by moving the objective too quickly, before completion of scan averaging and image stitching.

3.14.1. MED/WID: interview with Cesar at set up

3.15. Now, collect a single xy-point, bidimensional fluorescence image of the ONH, averaging 100X scans.

3.15.0?
[added] MED: talent capturing a single-point fluorescence image of the ONH, averaged 100x scans
3.15.1. SCREEN CAPTURE: steps to collect an xy-point, bidimensional fluorescence image

3.15.2. LAB MEDIA: Figure 2F – use only if useful beyond the screen capture
3.16. Next, capture a multipoint image of the retina around the ONH. Select “composite” in the control panel and then pan with the ophthalmoscope across the nasal-temporal axis. The software automatically averages newly scanned areas and stitches them in real time. If the image quality of areas of the retina is insufficient to allow averaging, the green circle that identifies an area being scanned will become red. The resulting composite image covers an area of up to 1.7 by 4 millimeters.
3.16.0? [added] MED CU: talent moving the ophthalmoscope, panning the retina
3.16.1. SCREEN CAPTURE: steps to capture a multipoint image with averaging and real time stitching
3.16.2. LAB MEDIA: Figure 2H – use only if useful beyond the screen capture
3.17. [moved] After scanning a single xy-point around the ONH, the software automatically averages scans of the surrounding retina and stitches them in real time. The resulting composite image covers an area of up to 1.7 by 4 millimeters.
3.17.1. [combined with 3.16.1] SCREEN CAPTURE: show software doing the averaging of surrounding retina and stitching scans into large image
3.18. When the anesthesia begins to wear off the imaging session must end, because the mouse starts to breath heavily, and imaging becomes impracticable.

Switch order of 3.18.1 and 3.18.2
3.18.1. CU: mouse at end of imaging starts to move and is removed from the platform
3.18.2. MED CU: talent gets up from computer and walks into the shot and removes mouse form imaging platform contact lenses
4. Live image processing and microglial cell segmentation
4.1. Begin with sequentially aligning the fundus images for a time series using the vasculature and optic disc as landmarks. 

4.1.1. WID: establish talent with workstation where image analysis is performed

4.1.2. MED: loading up the fundus images in software

4.2. Using conventional image editing software, line all images up until their ONHs overlap. The top image will be semi-transparent while being dragged. Then rotate each image in the sequence until its major blood vessels overlap with the vasculature on the previous image, and save the arrangement for future reference. Record the corrected angle for each image, and apply it to the corresponding single xy-point fluorescence image. 

4.2.1. SCREEN CAPTURE: performing the above step – this should be understood by now.  Please read the screen capture instructions.
4.3. [moved] Then rotate each image in the sequence until its major blood vessels overlap with the vasculature on the previous image, and save the arrangement for future reference. Record the corrected angle for each image, and apply it to the corresponding single xy-point fluorescence image.
4.3.1. SCREEN CAPTURE: performing the above step 

4.3.2. LAB MEDIA: Image alignment figure.pdf – these stills aren't going to be since we will have screen captures.

4.4. Now, it is possible to identify individual GFP-positive microglial cells localized to the central retina by opening the “aligned” TIF files in FluoRender. 

4.4.1. [combined with next] SCREEN CAPTURE: performing the above step

4.5. To visualize all cells, fill the screen with the image and define the Render view: composite, orthogonal or interpolated. Then, define the properties: 0.58 gamma, 255 saturation point, 255 luminance, 195 alpha and 1.00 shading. Finish the selections by choosing both the RG channels as visible: hide B channel by double-clicking it in the Workspace frame.

4.5.1. SCREEN CAPTURE: performing the above step 

4.6. [moved] Then, define the properties: 0.58 gamma, 255 saturation point, 255 luminance, 195 alpha and 1.00 shading.

4.6.1. SCREEN CAPTURE: performing the above step
4.7. [moved]Finish the selections by choosing both the RG channels as visible: hide B channel by double-clicking it in the Workspace frame.

4.7.1. SCREEN CAPTURE: performing the above step 

4.7.2. LAB MEDIA: Figure 4A screenshot.jpg – these stills aren't going to be since we will have screen captures

4.8. To segment individual cells, select and threshold the red channel, by increasing the low threshold until the majority of cells are masked with minimum overlap and excluding cell processes, while keeping the high threshold constant. Finally, save the file with masked cells using the capture command.
4.8.1. SCREEN CAPTURE: performing the above step 

4.9. Open the image with masked cells in the raster graphic editor.  There, invert the greyscale for direct observation and adjust the resolution to 300 DPI or more.  The RGB image is saved as a TIFF file.
4.9.1. SCREEN CAPTURE: performing the above step 
5. Live Image Analysis and Microglial Morphometry
5.1. The next step of live image analysis is of microglial soma segmentation and morphometry.  To identify cell somata for area quantification, use software capable of intensity measurements and object counting based on threshold.

5.1.1. WID: establish talent at workstation, like 4.1.1, new angle, new workstation, something different program
5.1.2. MED: talent opening software on the workstation, showing splash screen

5.1.3. CU: opening the files, like beginning of  subsequent screen capture,  necessary to cover VO

5.2. Open the TIFF file with segmented cells and select the spline rescaling for maximal resolution and the red channel as black and white for better visualization. Next, calibrate the image by defining its horizontal diameter as 1.4 to 1.7 millimeters, depending on age.

5.2.1. SCREEN CAPTURE: performing the above step 

5.3. To segment individual cell somata, apply intensity thresholding on the red channel. Open the Threshold Intensity function under Object Count and the “count update” command. Use this function to track bi-dimensional parameters for each thresholded region of interest representing individual somata. Next, define the intensity threshold in the intensity histogram.  Select the lowest 50 to 60 percent of the 255 levels, and refine the final threshold value of the individual cells.  Visually assess the overlap between the threshold color mask, in blue, and the cell soma perimeter, in grey.

5.3.1. SCREEN CAPTURE: performing the above step

5.4. Using the Binary Toolbar controls, or the Object Catalog, manually identify somal regions of interest with multiple cells.  Separate these elements by separating the regions of interest.  While doing this, use the toggle to directly visualize the cells.

5.4.1. SCREEN CAPTURE: performing the above step 

5.5. Now, by using Area Restriction, classify microglial cells as activated if their somata areas are larger than 50-60 square microns. Classify the microglia as deactivated if they have smaller somata.

5.5.1. SCREEN CAPTURE: performing the above step

5.6. Finally, verify the process and check the branching complexity in each activated microglial cell, by overlaying the somal mask and the single xy-point image with the contrast increased 50%.

5.6.1. SCREEN CAPTURE: performing the above step 
6. Results: cSLO Imaging of Retinal Microglia Cells 
6.1. The described protocol was used to visualize microglial cells across a large area of the central retina in young DBA/2J mice, heterozygously expressing Cx3CR1-GFP.
6.1.1. LAB MEDIA: Figure 5D screenshot.tif
6.2. The high cell resolution combined with live image thresholding and morphometric analyses allowed for automatic segmentation of individual GFP positive cells and somata.   The cells are discriminated based on area. 

6.2.1. LAB MEDIA: Figure 6C, D 
6.3. DBA/2J mice model chronic glaucoma, and were imaged monthly to monitor the development of local microgliosis and microglia activation at ages preceding detectable neurodegeneration.

6.3.1. LAB MEDIA: Figure 7A
6.4. Consistent with the variable progression of neurodegeneration in individual eyes, this analysis revealed changes in retinal microglia activation and microgliosis with time.

6.4.1. LAB MEDIA: Figure 7B
6.5. The analysis also detected dynamic changes in the density of total and activated microglia within individual retinas.  The microglia population density was not coupled to changes in GFP expressing cell density, consistent with other findings.  Thus cSLO analysis could be used as an indicator of early disease progression.

6.5.1. LAB MEDIA: Figure 7C
7. Conclusion 
7.1. Cesar Romero: While attempting this procedure, it’s important to remember to careful optimize the saturation levels of the fluorescent image of GFP+ microglia localized to the inner retina. The reproducibility of the cSLO images of the central retina, as well as the consistent cellular detail detected across the central retina depend critically on this step.

7.2. Alejandra Bosco: After its development, this live imaging protocol is being applied in our laboratory to elucidate the potential link between early changes in retinal and ONH microglia and the later progression of glaucoma in DBA/2J mice, and other mouse models of chronic retinal degeneration.

7.3. Monica Vetter: This live imaging strategy also may allow early detection of other chronic pathologies that also target the retina and optic nerve for degeneration, such as multiple sclerosis, Alzheimer's and Parkinson's disease.
SCREEN CAPTURES:  Authors, you must make movie files of the software in use.  Filming screens from a video camera often results in artifacts due to the screen refresh.  Screen capture software, which is very affordable and probably available on all platforms, can be used to make full screen resolution movie files of any screen output sequence.   More details on software options can be provided, if you need them.  When you get the final script, and a shot is listed a “SCREEN CAPTURE” you will need to make a movie file of the actions required.  Make exactly one file per requested SCREEN CAPTURE containing only the requested actions.  Do not bundle several action sequences into one large file.  Name each file according to the shot number.  Then, upload each of these files to your project folder. 
Authors, you have a bundle of work to do to provide these screen captures.  If anything needs to be clarified, please ask.  We expect uploads of about 28 movie files made by this method, named according to the shot number, e.g. 4.2.1.mov or 4_2_1.mov (according to the numbering in this script, not your original document).  This will create a very effective teaching tool to communicate your information, but I realize, it will be tedious.  Please do your best.
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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, as well as an introduction to your videographer, closer to your filming date.
 2014, Journal of Visualized Experiments


