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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) ___Yes____ If yes, please list make and model of your microscope: _____Olympus BX61W 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Yes___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps____Surgery, Microscope Set-up and Operation (for both models), Data Analysis (again, for both models
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  __Surgical procedure, operating the microscope system, and data interpretation; practice and patience

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.  

Conceptual Narrative:
The overall goal of the following experiment is to visualize the heterotypic interaction between platelets and neutrophils on the activated endothelium during vascular disease. (Intro) This is achieved by real-time fluorescence intravital microscopy in live mice to visualize the microvasculature within the cremaster muscle. (P1) As a second step, fluorescently-labeled antibodies are infused and venular inflammation or injury is initiated to facilitate direct visualization of the resulting heterotypic platelet-neutrophil interactions. (P2) Next, the saved data are analyzed in order to quantify the number of cells and their dynamics. (P3) Ultimately, direct heterotypic interactions between platelets and neutrophils on the activated endothelium can be assessed based on the fluorescence signal of the infused antibodies in real-time intravital microscopy. (P4)
(P1) with “first performing .. microscopy” please show Figure 1A.tif; with “in live mice .. muscle” please create a new image with their Figure 1B.tif as a guide, but use menagerie’s mouse-with-trachea illustration and add a “cremaster muscle” (based on fig 1B) when said by the VO.
(P2) with “As a second step… infused” use 3.1.2. or add a cannula and infused fluid to the P1 graphic (guided by 3.1.2). With “venular … interactions” use 5.2.2. (SCREEN: Shot of brightfield image, then shape change occurring) and 5.2.3. (SCREEN: Platelets accumulating)
(P3) 6.1.1. Talent working at computer (or stock image of a computer and monitor)
(P4) Figure 2A.tif or Figure 3A.tif  

[bookmark: _GoBack]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 use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Andrew Barazia: Our intravital microscopic technique can provide insight into the real time dynamics between platelets and neutrophils on activated endothelium during vascular inflammation and thrombus formation. This technology can also be applied to other systems, such as for evaluating the interactions of cancer cells and blood cells.

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. Intravital microscope and cremaster muscle preparation for intravital microscopy
2.1. Before starting the experiment, turn on the microscope system.
2.1.1. LAB MEDIA: Figure 1A.tif
2.2. For the vascular inflammation model, intrascrotally inject murine TNF- 3 hours prior to i.p. injection of anesthetics.
2.2.1. WIDE: Talent checks syringe is ready for injection (e.g. taps for air bubbles or similar)
2.2.2. CU: Few seconds of mouse being injnected i.s. 
2.3. Once sedation has been confirmed by toe pinch, cannulate a PE90 tube into the mouse’s trachea to eliminate any breathing difficulties.
2.3.1. ECU: Shot of toe pinch and lack of reaction (TEXT: Anesthesia: 125 mg/kg ketamine and 12/5 mg/kg xylazine, i.p.)
2.3.2. CU: (Videographer: Only get mouse’s head) Few seconds of cannula being placed in mouse’s trachea
2.4. Next cannulate a PE10 tube into the left jugular vein for the infusion of fluorescently-labeled antibodies and additional anesthetics. Then gently pull out and horizontally incise the scrotal skin and superfuse prewarmed buffer over the surgical field.
2.4.1. SCOPE: (Videographer: Only get mouse’s head) Few seconds of cannula being placed into left jugular vein
2.4.2. SCOPE: (Videographer: Only get mouse’s lower abdomen) Scrotal skin being pulled out and then horizontally incised
2.4.3. SCOPE: (Videographer: Only get mouse’s surgical field) Few seconds of buffer being superfused over surgical field 
2.5. Now pressing on the lower abdomen with one forcep, carefully pull out a testicle with the other forcep. Incise the cremaster muscle vertically and flatten the muscle over a glass coverslip on an intravital microscope tray by pinning the peripheral tissue to the tray.
2.5.1. CU: Shot of forcep pressing on lower abdomen, then testicle being pulled out with other forcep
2.5.2. SCOPE: Shot of cremaster muscle being incised vertically
2.5.3. SCOPE: Muscle being flattened over glass coverslip and peripheral tissue being pinned to tray (TEXT: Allow muscle to stabilize for 10-20 min prior to data collection)
3. Intravital microscopy for TNF-induced vascular inflammation
3.1. Begin this step by first infusing Dylight 488-conjugated rat anti-mouse CD42c and Alexa Fluor 647-conjugated anti-mouse Gr-1 antibodies through the previously set jugular cannula.
3.1.1. WIDE: Few seconds of Talent infusing antibodies (Shot will be used again)
3.1.2. CU: Shot of antibodies being infused through jugular cannula
3.2. Then, in the “Filter Set” of the microscope, mark the checkbox for the channels that will be exposed and set the exposure time for each. Select “Time-Lapse Capture” to set the number of time points to 1000-1500 with an interval of 200 milliseconds for a Total elapsed time of 5 minutes. Once all of the parameters have been set in the “Image Capture”, select “Start” to begin the capture. Capture at a 60x magnification with a 157 m by 118 m window.
3.2.1. SCREEN: Shot of “Filter Set” screen, then mark boxes being checked, then Open channel being set to 10 milliseconds, FITC channel being set to 100 milliseconds, and Cy5 channel being set to 100 milliseconds. Shot of “Time-Lapse Capture” being selected, then number of time points being set to 1000-1500 and interval being set to 200 milliseconds. Shot of “Image Capture” screen with parameters set, then “start” being selected. ~7-10 s of live capture (long enough for “Capture .. window” narrative).
3.3. Select “Time-Lapse Capture” to set the number of time points to 1000-1500 with an interval of 200 milliseconds for a Total elapsed time of 5 minutes.
SCREEN: Shot of “Time-Lapse Capture” being selected, then number of time points being set to 1000-1500 and interval being set to 200 milliseconds (Combined with 3.2.1)
3.4. Once all of the parameters have been set in the “Image Capture”, select “Start” to begin the capture. Capture at a 60x magnification with a 157 m by 118 m window.
SCREEN: Shot of “Image Capture” screen with parameters set, then “start” being selected (Combined with 3.2.1)
SCREEN: ~7-10 s of live capture (long enough for “Capture .. window” narrative) (Combined with 3.2.1)
3.5. Monitor the rolling and adherent platelets and neutrophils for 5 minutes in the top half of an inflamed cremaster venule. 
3.5.1. LAB MEDIA: Video 1.avi (TEXT: Record 8-10 different venules in one mouse) (Video Editor: Just enough video for narrative and TEXT) 
4. Data analysis for the venular inflammation model
4.1. To analyze the platelet thrombus formation, go to “Mask” and select “Create”. Then under the “Marquee Tool” in the main view, click the “Large pencil icon”.
4.1.1. WIDE: Talent sitting at computer
4.1.2. SCREEN: “Mask” being opened, then “Create” being selected, then “Marquee Tool” being opened/selected, then “Large pencil icon” being selected
4.2. Use the pencil to color a region outside the vessel in the main view to set a background mask. Go to “Mask”, click “Copy This Plane”, click “Copy mask in current timepoint”, select “All timepoints”, and click “OK”.
4.2.1. SCREEN: Pencil coloring region outside vessel and “Mask” being opened, then “copy this plane” being selected, then “copy mask in current timepoint” being selected, then “all timepoints being selected”, then “OK” being clicked 
4.3. To calculate the background signal, go to “Statistics” and click “Mask Statistics”. Then in Image Scope, click “Current 2D Time Lapse or 4D Image(s)”. In Mask Scope, select “Entire Mask”. In Features, under Date of Capture, select “Elapsed Time”, under Morphometry, select “Area in pixels”, and under intensity, select “Maximum Intensity”. Now click “Export”.
4.3.1. SCREEN: “Statistics” being opened, then “mask statistics” being clicked. Shot of image scope screen, then “Current 2D Time Lapse or 4D Image(s)” being clicked. Shot of features screen, then under date of capture, “elapsed time” being selected; under morphometry, “area in pixels” being selected”; under intensity, “maximum intensity” being selected; then “export” being clicked. Shot of features screen, then under date of capture, “elapsed time” being selected; under morphometry, “area in pixels” being selected”; under intensity, “maximum intensity” being selected; then “export” being clicked
4.4. Then in Image Scope, click “Current 2D Time Lapse or 4D Image(s)”. In Mask Scope, select “Entire Mask”. In Features, under Date of Capture, select “Elapsed Time”, under Morphometry, select “Area in pixels”, and under intensity, select “Maximum Intensity”. Now click “Export”.
SCREEN: Shot of image scope screen, then “Current 2D Time Lapse or 4D Image(s)” being clicked (Combined with 4.3.1)
SCREEN: Shot of mask scope screen, then “entire mask” being selected (Combined with 4.3.1)
SCREEN: Shot of features screen, then under date of capture, “elapsed time” being selected; under morphometry, “area in pixels” being selected”; under intensity, “maximum intensity” being selected; then “export” being clicked (Combined with 4.3.1)
4.5. Open the text file in a spreadsheet program and calculate the average value of the background signal throughout the recording period to determine the background fluorescence intensity.
4.5.1. SCREEN: File being opened in excel, then calculation of average value of background signal (e.g., last few seconds of calculation then “average value” being highlighted)
4.6. After calculating the background fluorescence intensity during the platelet thrombus as just demonstrated in the venular inflammation model, go to “Mask”, click “Segment”, select FITC in channel, and insert the average value of the background signal on Low. Click “Apply” and “OK”. Then go to “Statistics” and click “Mask Statistics”.
4.6.1. WIDE: Talent sitting at computer, working in program
4.6.2. SCREEN: Shot of Mask screen, then “segment” being clicked, then “FITC” being selected in channel, then average value being inserted on low, then “Apply” then “OK” being clicked, then “statistics” being opened, then “mask statistics” being clicked. [Video editor: The VO for 4.10 covers the tail end of the 4.6.2 screenshot, see 4.10 and it’s shots]
4.7. To determine the thrombus intensity, click the “Large pencil icon” again in the “Marquee Tool” in the main view and color inside the vessel in the main view to set the platelet signal.
4.7.1. SCREEN: Shot of main view, then large pencil icon being selected
4.7.2. SCREEN: Few seconds of inside of vessel being colored
4.8. Next, go to “Mask”, click “Copy This Plane” and “Copy mask in current timepoint”, select “All timepoints”, and click “OK”.
4.8.1. SCREEN: Shot of “Mask” being opened, then “copy this plane” then “copy mask in current timepoint” being clicked, then “all timepoints being selected”, then “ok” being clicked
4.9. Then go to “Statistics” and click “Mask Statistics”.
SCREEN: Shot of “statistics” being opened, then “mask statistics” being clicked (Combined with 4.6.2)
4.10. Now in Image Scope, click “Current 2D Time Lapse or 4D Image(s)”. In Mask Scope, select “Entire Mask”. In Features, under Date of Capture, select “Elapsed Time”, under Morphometry select “Area in pixels”, and under Intensity select “Sum Intensity”. Then click “Export”.
SCREEN: Image scope screen, then “Current 2D Time Lapse or 4D Image(s)” being clicked (Combined with 4.6.2)
SCREEN: Mask Scope screen, then “entire mask” being selected (Combined with 4.6.2)
SCREEN: Features screen, then “elapsed time” under date of capture being selected; then “area in pixels” under morphometry being selected; then “sum intensity” being selected under intensity; then “Export” being clicked (Combined with 4.6.2)
4.11. Open the text file in the spreadsheet program and calculate the fluorescence intensity of the platelet thrombus.
4.11.1. SCREEN: Shot of file being opened, entire calculation already written out in excel file with fluorescence intensity data highlighted (TEXT: See text protocol for details about calculating fluorescence intensity of platelet thrombus) 
5. Intravital microscopy for laser-induced arteriolar thrombosis
5.1. For analyzing arteriolar thrombosis, begin by infusing Dylight 488-conjugated anti-mouse CD42c and Alexa Fluor 647-conjugated anti-mouse Gr-1 antibodies as just demonstrated.
5.1.1. Use 3.1.1. Few seconds of Talent infusing cannula
5.2. After clicking “Start” to initiate the image capture process, double click on a spot 2-3 μm internally from the vessel wall to fire the laser. The injury of the arteriolar endothelial cells causes a visual shape change that should be apparent in the brightfield image, followed by platelet accumulation.
5.2.1. SCREEN: Shot of image capture in process, then spot 2-3 m from vessel being double clicked. Shot of brightfield image, then shape change occurring.Shot of platelets beginning to accumulate.
5.2.2. SCREEN: Five minutes after the laser injury, pause and cancel the capture. Subsequently, start a capture with 2400 time points with a 500 milliseconds interval to record the adherent platelets and rolling and adherent neutrophils for 20 minutes.  Shot of live capture 5 minutes after laser injury (TEXT: Thrombus size stable ~5 min), then live capture being paused, then cancelled. New capture being started (Video Editor: if possible, please indicate 2400 time points and 500 milliseconds interval; if not possible, please include TEXT: 2400 time points, 500 ms, 20 min) (TEXT: Record 3-5 arterioles in one mouse) 
6. Data Analysis for the arteriolar thrombosis model
6.1. After calculating the background fluorescence intensity during the platelet thrombus in a similar manner as in the venular inflammation model, go to “Mask”, click “Segment”, select FITC in channel, and insert the average value of the background signal on Low. Click “Apply” and “OK”.
6.1.1. WIDE: Talent sitting at computer, working in program
6.1.2. SCREEN: Shot of Mask screen, then “segment” being clicked, then “FITC” being selected in channel, then average value being inserted on low, then “Apply” then “OK” being clicked
6.2. Now in Image Scope, click “Current 2D Time Lapse or 4D Image(s)”. In Mask Scope, select “Entire Mask”. In Features, under Date of Capture, select “Elapsed Time”, under Morphometry select “Area in pixels”, and under Intensity select “Sum Intensity”. Then click “Export”.
6.2.1. SCREEN: Image scope screen, then “Current 2D Time Lapse or 4D Image(s)” being clicked.  Mask Scope screen, then “entire mask” being selected. Features screen, then “elapsed time” under date of capture being selected; then “area in pixels” under morphometry being selected; then “sum intensity” being selected under intensity; then “Export” being clicked.
6.3. Open the text file in the spreadsheet program and calculate the fluorescence intensity of the platelet thrombus.
6.3.1. SCREEN: Shot of file being opened. Shot of entire calculation already written out in excel file with fluorescence intensity data highlighted (TEXT: See text protocol for details about calculating fluorescence intensity of platelet thrombus) 
6.4. To quantify the rolling and adherent neutrophils, play the time lapse and count the number of cells that visibly roll over the platelet thrombus over 20 minutes. Rolling is defined as a decrease in neutrophil speed while interacting with the platelet thrombus for at least 2 seconds. Adherent neutrophils are defined as any neutrophils that remain attached to the platelet thrombus for at least 2 minutes. 
6.4.1. LAB MEDIA: Video 2.avi (Video Editor: If possible, for the red cell that appears around 00:01-00:03, please add TEXT: “Rolling”; at 00:08-end please add TEXT: “Adherence” at some point for red cell that adheres to green thrombus)
7. Results: Representative heterotypic interactions of platelets and neutrophils during TNF-induced venular inflammation and platelet thrombus at the site of laser-induced arteriolar injury in live mice
7.1. Here representative binarized images of the appearance of fluorescence signals associated with neutrophils, in red, and platelets, in green, during venular inflammation is shown. The arrow shows the direction of the blood flow in the vessel.
7.1.1. LAB MEDIA: Figure 2A.tif (Video Editor: with “neutrophils in red” please highlight/indicate the Neutrophils column; with “platelets in green” please highlight/indicate the Platelets column; with “the arrow shows” please highlight/indicate the white arrow)
7.2. The number of rolling and adherent neutrophils on inflamed endothelial cells was determined to be 0.25 cells/min and 18.5 cells/5 min, respectively. The data are representative of the mean ± the SEM of 30 different venules in 4 wild-type mice. 
7.2.1. LAB MEDIA: Figure 2BC.tif (Video Editor: with “rolling” please highlight/indicate the left bar graph; with “adherent” please highlight/indicate the right bar graph) (Authors: Please resubmit file with darker x- and y-axis lines)
7.3. Here the median integrated fluorescence signal of the platelets is plotted as a function of time. 
7.3.1. LAB MEDIA: Figure 2D.tif
7.4. It was found that most platelets, in red, adhere to the adherent and crawling neutrophils, in green, rather than to the inflamed vessel wall.
7.4.1. LAB MEDIA: Video 1.avi
7.5. Now, moving to neutrophil-platelet interactions following laser-induced arteriolar injury; these images illustrate a single neutrophil, in red and indicated with the yellow arrow, rolling over the platelet thrombus, in green, with a second neutrophil, in red and indicated by the white arrow, rapidly rolling over the arteriolar endothelial cells, both over a 5 second capture interval.
7.5.1. LAB MEDIA: Figure 3A.tif (Video Editor: with “illustrate … yellow arrow” please highlight/indicate at least the top righthand barely visible neutrophil and the top yellow arrow; with “rolling over .. in green” please indicate at least the top green thrombus; with “second .. white arrow” please indicate at least the top left hand neutrophil and white arrow)
7.6. Here, a single neutrophil, again in red, is shown rolling over and adhering to a platelet thrombus, in green, over a 15 second interval. The arrowhead identifies the rolling and adherent neutrophils, and the thick, grey arrow indicates the direction of the blood flow. 
7.6.1. LAB MEDIA: Figure 3B.tif (Video Editor: with “single .. in red” please highlight/indicate at least the top neutrophil; with “platelet .. in green” please highlight/indicate at least the top green thrombus; with “arrowhead.. neutrophils” please highlight/indicate the white arrowhead; with “thick grey … blood flow” please highlight/indicate the grey arrow)
7.7. Here the median integrated fluorescence signal of the platelets is plotted as a function of time. The number of rolling and adherent neutrophils was determined to be 21.5 and 1.6  cells over 20 minutes, respectively. Initial rapid rolling of the neutrophils occurred on the endothelial cells. Once the neutrophils contacted the platelet thrombus, the rolling velocity of neutrophils on the platelet thrombus was changed with a range of 8.2 μm per second and is mediated by the interaction of P-selectin and PSGL-1 (Pronounce: P-S-G-L-one). The data are representative of the mean ± the SEM of 14 different thrombi in 7 wild-type mice.
7.7.1.  LAB MEDIA: Figure 3CDEF.tif (Video Editor: with “median .. time” please highlight the line graph; with “21.5 ± 3.0” please highlight/indicate the top right [rolling neutrophils] bar graph; with “1.6 ± 0.4 cells” please highlight/indicate the bottom right [adherent leukocytes] bar graph; with “rolling velocity .. PSGL-1” please highlight/indicate the bottom right [rolling velocity] graph) (Authors: Please resubmit file with darker x- and y-axis lines)
7.8. Five minutes after laser injury, the size of the platelet thrombus remains relatively constant during imaging, and the neutrophils roll on and to adhere to the thrombus. The fluorescence signal from the circulating platelets is negligible in comparison with that from the platelet thrombus.  
7.8.1. LAB MEDIA: Video 2.avi 

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/index/Details.stp?ID=1597

8. 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.

8.1. Andrew Barazia: After watching this video, you should have a good understanding of how to prepare the intravital microscope system with live mice, allowing you to visualize the real-time  heterotypic interactions between platelets and neutrophils on activated endothelium within the microvasculature.

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.  

2.1.1 – Figure1A.tif
3.5.2 – Figure1B.tif
8.1.1 – Figure2A.tif
8.2.1 – Figure2BC.tif
8.3.1 – Figure2D.tif
8.4.1 – Figure3A.tif
8.5.1 – Figure3B.tif
8.6.1 – Figure3CDEF.tif
8.7.1 – Video1.avi
8.8.1 – Video2.avi



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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