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Authors, please fill out the brief questionnaire below.   

A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique (Y/N, please specify steps by number. Also, please list make and model of your microscope)?  ______N____
B.   Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? ___Y______
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps. Steps number: 2.2; 2.3; 3.4; 3.8; 4.3; 4.8. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
The working dilutions for antibodies and serum may vary depending on the type of tissue. The optimal dilutions of antibodies and serum result from trials using increasing working dilutions to obtain the best performance.
1. Introduction (Schematic Overview and Interview)

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



0. Conceptual Narrative:
0.1. The overall goal of the following experiment is to visualize the expression and cellular localization of  Microglia/Macrophages phenotype markers following brain ischemia.  
0.1.1. (Intro).

0.2. First, cryosections from ischemic mouse brains are stained to identify markers of Microglia/Macrophages activation (TOP). 

0.3. The stained sections are subjected to three-dimensional confocal imaging. (CENTER).   

0.4. The resulting images are then processed to generate three-dimensional renderings, and image analysis is performed to localize the expression of markers in clusters of cells. (BOTTOM)

0.5. The resulting data demonstrate the effectiveness of three-dimensional confocal analysis in properly assigning marker expression to a specific cellular body (BOTTOM_ ZOOM TO COLORED OBJECT).

[image: ]

1. Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Grazia De Simoni  “When two markers are expressed by the same cell, but in different subcellular compartments, colocalization alone may not be very informative. Using three dimensional analysis, as we will demonstrate here, allows for better resolution and accuracy”.   
1.1.1. Interview style

1.2. “Grazia De Simoni “Though this method can provide insight into the complexity of the brain response to ischemic injury, it can also be applied to other acute or chronic neurological diseases where a dual role of Microglia/Macrophages in injury and recovery has been proposed or in those cases where signals need to be selectively localized in different spatial planes.”
1.2.1. Interview style
1.3. Carlo Perego and Stefano Fumagalli will take you through the different steps of the procedure
1.3.1. Add narrative, added shot.



Protocol (read by voice talent at JoVE):


2. Immunofluorescence  
2.1. The following protocol utilizes mouse brain tissue in which ischemia was induced by permanent occlusion of middle cerebral artery.
2.1.1. LAB MEDIA:  50605_DeSimoni_Occlusion (Diagram showing induction of ischemia)

2.2.  Use a cryostat to collect serial 20μm coronal sections of the brain on gelatin covered slices.   (Text overlay: see accompanying document for protocol details).
2.2.1. CU:  Talent seated at cryostat collects samples

2.3. Bring all reagents and samples to room temperature before use. 
2.3.1. MED:  Talent removes samples from fridge or freezer
2.3.2. MED over the shoulder:  Talent sets the needed reagents on the benchtop 

2.4. Carlo Perego: “Please note the working dilutions of antibodies and serum listed in the accompanying document resulted from trials made in order to obtain the best performance. When different antibodies and serum are used, the protocol needs to be validated.”
2.4.1. MED: Talent looks up from experimental preparation at the benchtop and says the above line. (last take for audio)

2.5. Begin by circling the sections on the slide using a liquid blocker pen to minimize the amount of reagents needed. 
2.5.1. CU:  Talent circles sections with pap pen

2.6. Next, place the brain sections in a wet chamber.  Using a 1 ml pipette, add room temperature PBS to the sections and incubate for 5 minutes to wash them.   Then, using a 1 ml disposable syringe with needle, remove the solution and repeat the wash once more. 
2.6.1. CU:   Talent places brain section in wet chamber and adds PBS
2.6.2. CU:  Talent removes PBS
2.6.2Bis: new CU
2.6.3. MED:  Talent adds PBS  (DO 2 takes)
2.6.4. Second take for PBS

2.7. After removing the second wash, proceed to stain the samples using a 1 mL pipette and a disposable syringe for all of the solution exchanges.  The staining procedure should be performed as summarized here.  Please see the accompanying text for details including washing steps.
2.7.1. CU:  Talent removes second wash
2.7.2. CU: Talent loads H2O2 into tube

2.8. First, the cells are incubated with 1% H2O2.  After blocking with normal goat serum, they are incubated with primary antibody against CD11b.
2.8.1. CU:  Talent pipettes on H2O2 (using syringe)
2.8.2. LAB MEDIA: 50605_DeSimoni_StainingA (Need to make up new graphic panel- A= slide and pipette w/text Normal goat serum, then representation of antibody with text “Anti-CD11b)

2.9. Next, the slides are incubated with an appropriate secondary antibody, followed by Tris-NaCl-tween buffer or “TNT”, then Tris-HCl-NaCl-Blocking buffer or “TNB”.
2.9.1. LAB MEDIA: 50605_DeSimoni_StainingB (Depict addition of secondary antibody, TNT, and TNB”


2.10. After the incubation with TNB, the slides are incubated with STREPTAVIDIN-HRP followed by Amplification Diluent containing Cyanine 5 Tyramide, which will amplify the immunofluorescence signal.
2.10.1. LAB MEDIA: 50605_DeSimoni_StainingC (Depict addition of streptavidin-HRP, and amplification diluent, show a molecular representation of the amplification of the immunofluorescence signal)
	
2.11. Next, the slides are incubated with NGS to block non-specific binding sites.  Then they are incubated a primary antibody against CD68.   
2.11.1. LAB MEDIA: 50605_DeSimoni_StainingD (Depict addition of NGS, then CD68 (with molecular representation))

2.12. Following the incubation with the primary antibody, the cells are then incubated the appropriate Fluorconjugated secondary antibody, followed by 1 μg/ml Hoechst to label the DNA.
2.12.1. LAB MEDIA: 50605_DeSimoni_StainingE (Depict addition of secondary antibody, and Hoechst)

2.13. Once the staining is completed, mount cryosections using Prolong Gold. When mounting sections, avoid generating air bubbles. Store the sections at 4°C in the dark until they are analyzed. Acquisition of fluorescent signal should be performed within one week. 
2.13.1. CU:  Talent adds prolong gold to slide then coverglass
2.13.2. MED:  Talent places the samples in fridge

3. Acquisition of three-dimensional images by confocal microscopy
3.1. This protocol utilizes an IX81 microscope equipped with a confocal scan unit FV500 with 3 laser lines: Ar-Kr at 488nm, He-Ne red  at 646nm, and He-Ne green at 532nm plus a UV diode. 
3.1.1. MED:  Talent approaches microscope and turns it on

3.2. In the Fluoview 500 software, select the appropriate excitation lasers and dichroic mirrors.  Also, set up image resolution at a minimum of 800x600 pixels.
3.2.1. MED:  Talent opens software
3.2.2. SCREEN:  Talent selects the excitation lasers and dichroic mirrors.  Talent then sets up image resolution as above.

3.3. Next, place the slide on the stage of the microscope, and using epi-fluorescence, identify an area of interest.  Progressively increase the magnification to the 40x objective. 
3.3.1. CU:  Talent places slide on the stage of the microscope
3.3.2. MED:  Talent looks through the eyepieces of the microscope
3.3.3. CU:  Talent identifies area of interest the increases magnification to 40X.

3.4. Then, switch to Laser Scanning Microscopy modality and run repetitive scans while adjusting the photomultiplier power level and the gain for each channel.  This will reduce signal overlap caused by contemporary excitation at different wavelengths. Keep the gain as low as possible to avoid unwanted non-specific signals.
3.4.1. SCREEN:  Talent switches to LSM modality andruns repetitive scans to adjust the PMT and gain.

3.5.  Continuing the repetitive scan, adjust the focus and define the lower and upper extremes of the z-axis with total z-axis length of 10μm.  Then, stop the repetitive scan.
3.5.1. SCREEN:  Talent sets upper and lower points for z sections and stops the scan.
3.5.2. CU on screen: Focus on z section.

3.6. Next, input the step size. It should be as close as possible to the pixel size, which is 0.225 μm.  This will give a standard 1:1 size ratio over the z-axis.
3.6.1. SCREEN:   Talent inputs the step size (CU on Value)

3.7. In the software, activate Kalman filter at least 2 times. The Kalman algorithm is an iterative function that eliminates random signal, such as single positive voxels belonging to background noise, thus improving noise-to-signal ratio.
3.7.1. SCREEN:  Talent activates the Kalman filter two times. 
  
3.8. .   Now, activate the sequential scanning mode to avoid bleed-through effects.
3.8.1. SCREEN:  talent activates sequential scanning mode

3.9. Move to the mid-point of the z-axis and run a x-y sequential scan. Check the set-up of PMT and gain to ensure a satisfactory signal to noise ratio. 
3.9.1. SCREEN:  Talent moves to mid-point and runs xy sequential scanning.   
3.9.2. MED:  Talent, seated in front of computer setup examines setup of PMT and gain

3.10.  Run xyz acquisition. 
3.10.1. MED:  Talent begins running acquisition
3.10.2. Added shot: (Steps)
3.10.3. Added shot: (Step) of developing acquisition

3.11. Following the acquisition, export the data as a multitiff file. Each multitiff file typically contains 3 color channels and 44 focal planes. 
3.11.1. SCREEN:  Talent exports data as multitiff file.

4. Three-dimensional view of confocal acquisitions and three-dimensional rendering.
4.1. For processing, begin by opening Imaris software.
4.1.1. MED:  Talent opens Imaris software

4.2. First, select the surpass view.  Then, upload the multitiff file.  
4.2.1. SCREEN:  Talent selects surpass view and uploads the mutlitiff file

4.3. Next, on the display adjustment panel, select the desired color for each channel.  Here, red represents CD11b, green represents CD68, and blue represents the Hochest DNA stain. 
4.3.1. SCREEN, talent selects the desired color for each channel.

4.4. To remove noise from background, increase the minimum value on the display adjustment panel for each channel.
4.4.1. SCREEN:  Talent increases minimum value for each channel

4.5. Then, go to the section view to visualize a single x-y focal plane with orthogonal projections of the x-z and y-z axis. Move along the z-axis looking for co-localization, which appears as yellow pixels.
4.5.1. SCREEN:  Talent goes to section view and moves along z-axis looking for co-localization

4.6. Click on a yellow area to see whether the colocalization is present along the z-axis, which indicates that it belongs to a solid object. Z-axis projections are visible in the right and bottom part of the figure.  Take a snapshot.  Then go back to the surpass view.
4.6.1. SCREEN:  Talent clicks on a yellow area, examines and takes a snapshot, then goes back to the surpass view.

4.7. Next, in the “Edit” dropdown menu, select “crop 3D” and outline a region of interest to isolate a cell or a cluster of cells.  Then, on the display adjustment panel, select one channel.
4.7.1.   SCREEN:  Talent selects the edit dropdown menu and selects crop 3D.  Talent then outlines an ROI and selects one channel on

4.8. Select the surpass/surfaces algorithm builder:  Then, to setup the algorithm, first select a channel, then define smoothing as 0.200, and define threshold as the same minimum value as set in the display adjustment panel.   Next, set image resizing if needed. 
4.8.1. SCREEN:  Talent selects the surpass/surfaces algorithm builder.   Talent then selects the channel and defines the minimum threshold. Talent sets imaging resizing then smoothing.   

4.9. Select the color panel and change the appearance as necessary.   
4.9.1. SCREEN:  Talent changes the color 

4.10. Repeat the setup for the surpass/surfaces algorithm builder for each channel.  Then, on the display adjustment panel, deselect fluorescence channels and select all three surfaces. 
4.10.1. SCREEN:  Talent sets the surpass/surfaces algorithm builder for the next channel
4.10.2. SCREEN:  Talent deselects fluorescence channels in display adjustment panel, and selects all three surfaces.

4.11. Finally, move the volume to find the best view and take a snapshot.
4.11.1. SCREEN:  Talent moves the volume to find the best view and takes a snapshot.

5. Representative Imaging Results: 
5.1. To determine the pattern of co-expression of M/M markers, the protocols for immunofluorescence and confocal acquisition described in this video were carried out in mouse model of focal ischemia, induced by permanent occlusion of the middle cerebral artery.
5.1.1. LAB MEDIA: 50605_DeSimoni_Figure1A 

5.2. A two dimensional view of acquired images shows that at twenty-four hours after ischemia, the lysosomal marker CD68, which is shown in green, is expressed in hypertrophic ameboid CD11b positive cells, which are seen in red, present in the ischemic core. 
5.2.1. LAB MEDIA: 50605_DeSimoni_Figure1A 

5.3. The Z-axis projection, shown in the bottom right, demonstrates that the marker distribution documented in the single plane view is also present along the z-axis.
5.3.1. LAB MEDIA: 50605_DeSimoni_Figure1A 

5.4. In the border zone, CD11b positive cells display hypertrophic cell bodies with processes highly positive for CD68, suggesting that phagosomes are bound to the cell membrane.  This indicates active phagocytic behavior of microglial cells. 
5.4.1. LAB MEDIA: 50605_DeSimoni_Figure1B

5.5. To assess the co-expression of CD68 and Ym1, a marker of M2 polarized M/M, the fluorescent images underwent three-dimensional rendering.  The three-dimensional view of the acquired images shown here indicates the presence of CD68 positive cells, shown in green, and Ym1 positive cells, shown in red.  
5.5.1. LAB MEDIA: 50605_DeSimoni_Figure2A

5.6. Fluorescent voxels laying parallel to the observer’s view may yield a co-localized signal, seen as yellow, which may not be related to the actual distance between markers. 
5.6.1. LAB MEDIA: 50605_DeSimoni_Figure2A

5.7. To define colocalization, a single plane view with projections of the z-axis should be generated. Moving along the Z-axis looking for colocalization, the Z-axis projection is obtained as seen in the right and bottom part of this image. 
5.7.1. LAB MEDIA: 50605_DeSimoni_Figure 2B

5.8. Fluorescent voxels can be turned into solid objects by three-dimensional rendering with assignment of marker expression to a specific cellular body. 
5.8.1. LAB MEDIA: 50605_DeSimoni_Figure2Cmovie

5.9. After high magnification and 3D rendering, the two markers appear to belong to different cells that are in close proximity. 
5.9.1. LAB MEDIA: 50605_DeSimoni_Figure2D 

6. Conclusion (said by authors on camera)
6.1. Maria-Grazia de Simoni: After watching this video, you should have a good understanding of how to perform an immunofluorescence assay with multiple markers and dyes and how to properly acquire and visualize three-dimensional images by confocal microscopy

6.2. Maria-Grazia de Simoni: This approach is suitable for a wide range of applications in the field of stroke research as well as in other acute or chronic neurological diseases where a dual role of M/M in  injury and recovery has been proposed. 

6.3. [bookmark: _GoBack]Maria-Grazia de Simoni: In addition the described post-processing analysis could be fruitfully exploited to analyze any co-expression or colocalization at cellular level or in those cases where signals need to be selectively localized in different spatial planes. 


Provided Media
50605_DeSimoni_SchematicOverview
50605_DeSimoni_Occlusion (Diagram showing induction of ischemia)
50605_DeSimoni_StainingA (Need to make up new graphic panel- A= slide and pipette w/text Normal goat serum, then representation of antibody with text “Anti-CD11b)
50605_DeSimoni_StainingB (Depict addition of secondary antibody, TNT, and TNB”
50605_DeSimoni_StainingC (Depict addition of streptavidin-HRP, and amplification diluent, show a molecular representation of the amplification of the immunofluorescence signal)
50605_DeSimoni_StainingD (Depict addition of NGS, then CD68 (with molecular representation))
50605_DeSimoni_StainingE (Depict addition of secondary antibody, and Hoechst)
50605_DeSimoni_Figure1A 
50605_DeSimoni_Figure1B
50605_DeSimoni_Figure2A
50605_DeSimoni_Figure2B
50605_DeSimoni_Figure2Cmovie
50605_DeSimoni_Figure2D




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.
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