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Title: Intravital Imaging of Dynamic Axonal Interactions with Microglia and Macrophages in a Mouse Dorsal Column Crush Injury
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___Yes____  (If you can record images/videos using your own camera/software, then mark No)  If yes, please list make and model of your microscope: __Leica MZ95 dissecting microscope_______
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___No___ If yes, we will need you to record using screen recording software to capture the steps. If you use a 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. __The surgery procedure and reopening procedure will be the most beneficial to film. These include steps 3.10-3.13 and 4.5-4.8___

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. The most difficult aspect is removing the gelfoam and exposing the spinal cord on reopening surgery.  This is step 4.8_

E.  Will the filming need to take place in multiple locations? (Y/N) _No 

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

An illustrated overview begins the video.  For this section:

1. First READ the instructions in the second part of the questionnaire that was sent out.  

2. Then, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. You may reword the phrases, but please do not add additional steps. 

3. Insert an image of your finished graphic overview below the narrative.

4. Upload the original schematic file through your online submission on the JoVE website.  It should be Adobe Illustrator (preferred) or Powerpoint.  Please keep all layers in the file (do not flatten the file).

NOTE: The schematic should NOT be a flow-chart of text bubbles.  The schematic should also NOT be photographs.  The schematic should be made up of simple cartoons and drawings.  Thanks.

Editor: Please move “Conceptual Narrative” and its prompts above the “Procedural Narrative” if the a conceptual overview would be more informative than a procedural overview.

Procedural Narrative:
The overall goal of this procedure is to observe movement and interaction between microglia and monocytes and other cell types in the injured spinal cord. (Intro)
This is accomplished by first creating bone marrow chimeric mice that will have either resident microglia or bone marrow derived macrophages labeled with a fluorescent marker. (P1)
The second step is to create a dorsal column crush injury in the spinal cord. (P2)
Next, the animals can be reopened and the spinal cord stabilized for multiphoton imaging. (P3)
The final step is to take either single images or time lapse movies of cellular movement within the lesion. (P4)
Ultimately, _Data analysis can be performed to show cellular movement and interaction with other structures in the lesion (P5)
Conceptual Narrative:
The overall goal of the following experiment is to __(insert overall goal here; e.g. observe the effect of your treatment on cell migration using wound healing assays)____. (Intro)
This is achieved by (1st step of protocol e.g. adding NGF to cells) to _(goal of 1st step - e.g. induce cell differentiation)__. (P1)
As a second step, _(insert 2nd step)__, which __(insert goal of 2nd step)_________ . (P2)  

Next, __(insert 3rd step)_____in order to___(insert goal of 3rd step)_________. (P3)
The results show _(effect of treatment - e.g.  differences in protein expression in NGF treated cells_ based on  ___(method of analysis - e.g. Western blotting analysis)__. (P4)
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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Uploaded to the Jove Website in three power point slides with components, as well as this image.
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)

Only one statement should be chosen and completed per author
1.1. Author name Teresa: The main advantage of this technique over existing methods, like cell culture, is that cells can be imaged in their complex, natural environment within the living animal.   
1.2. Author name _______: This method can help answer key questions in the _________ field, such as _________________.  

1.3. Author name ______: The implications of this technique extend toward therapy (or diagnosis) of_______, because ________.  

1.4. Author name ______: Though this method can provide insight into ____________, it can also be applied to other systems (model organisms, studies of disease, organ systems), such as ____________.

1.5. Author name _______: Generally, individuals new to this method will struggle because ______________.

1.6.  Author name ________: I/We first had the idea for this method, when I/we ___________.

1.7. Author name _________: Visual demonstration of this method is critical as the ______________ steps are difficult to learn, because _______________.   
1.8. **Author name Jay Myers: Demonstrating the procedure will be Teresa a student (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.8.1. Interview style: Author saying the above 

1.8.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):

In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to about 50-55 lines of text (in the format below), which is often about 30 steps.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.   Computational analysis, for instance, is inappropriate.

After you review the script I will add instructions for the videographer.  I may add questions about the appearance of objects, rooms and equipment to better meet this goal.  Then, the script will be submitted for a final overview and returned to you again before filming.

2. Dorsal Column Crush Injury
2.1. For this surgery, use chimeric or double transgenic animals.  See the text protocol on how to label resident or bone marrow derived cells.
2.2. After inducing anesthesia (TEXT: 4% isofluorane) maintain it with one to two percent isofluorane for a breathing rate of about 60-100 breaths per minute.
2.3. Now, apply eye ointment and confirm a surgical plane of anesthesia with a toe pinch.
2.4. Prepare for the surgery by first shaving the targeted spinal cord area and then wiping the skin clean with providone-iodine and 70% alcohol scrubs.
2.5. Drape the animal and make a hole to access the surgical site.  Then, lay out the autoclaved tools on a sterile drape.  This includes a number four forceps that is fixed to be one millimeter between the tips and has marks one millimeter from the tips.
2.6. Now, cut open the skin at the midline using iris scissors, exposing the musculature.
2.7. Proceed with the surgery under a dissecting microscope.
2.8. Along the midline cut the back muscles where they attach to the dorsal spinal processes with the goal of exposing the vertebrate.  This involves cutting the trapezius and ligaments of the latissimus dorsi.  
2.9. Next, remove the rotator muscles between the transverse processes to reveal the lamina of the specific vertebrate targeted for removal.  Here, T10 is exposed.
2.10.  Proceed by inserting a roungeur tips into the space above and below the process.  Then, lift slightly to make sure the tips are securely in place and not too deep.  Then, close the rongeurs to remove the lamina.
2.11. Now, remove all the smaller parts of the remaining vertebra, thus enlarging the opening.
2.12. Using a 30-Gauge needle, poke two holes, one millimeter apart in the dura to make access point for the fixed forceps.
2.13. Then, insert the fixed forceps at a 90 degree angle through dura, keeping the marks on the tines above the dura.  Now pinch close the forceps for ten seconds.  
2.14. Do the ten-second squeeze two more times and remove the forceps.
2.15. Next, soak a piece of absorbable gelatin compressed sponge in saline and cover the injury site with it.
2.16. Close the muscle over the gelatin sponge using number four synthetic non-nylon running sutures.
2.17. Then, use 5-mm wound clips to secure the skin.
2.18. Complete the procedure with a subcutaneous injection 10 microliters of Bupivacaine in 490 microliters of saline for one milligram per kilogram.
2.19. Then, inject five microliters of Buprenorphine into the gluteus muscle for 100 micrograms per kilogram.
2.20. Post-operatively, warm the animal and monitor it until it regains consciousness.  
3. Intravital Imaging 
3.1. Remove the wound clips according to manufacturer instructions and, if necessary, apply a hair removal product to the area around the incision.  
3.2. Prepare the animal as for surgery with additional cleaning with povidone-iodine and 70% alcohol.
3.3. Re-open the skin along the previous incision.  Remove remaining sutures and open the muscles with forceps, using scissors as needed.
3.4. Now, under the dissecting microscope, use the scissors to make pockets for the spinal cord clamps along the transverse processes on the vertebra one level above the laminectomy and one level below the laminectomy.

3.5. Insert the clamps of the spinal cord stabilizer around each vertebra and tighten the clamps.   

3.6. Adjust the clamps so the spinal cord is parallel with the imaging platform and the tissue is stable. 
3.7. If a breathing artifact is seen, adjust the clamps to minimize the movement.

3.8. Then, cover the clamps in parafilm.

3.9. Next, delicately remove the gelfoam using forceps.  Remove as much as possible.  Also remove any thick scar tissue over the meninges if needed.

3.10. Cover the spinal cord with saline.  If bleeding is noted, use gelatin sponge to staunch bleeding, cauterizing if necessary.  Be careful to not touch the spinal cord during cautery and keep it covered with saline and gelfoam during cautery.

3.11. Now, create a well to hold the immersion fluid.  Seal the skin and tissues with cyanoacrylate adhesive, then build up a well of dental acrylic between the two clamps.  Allow the well time to cure.

3.12. Once cured, fill the well with artificial CSF. 

3.13. Keep monitoring for bleeding staunch as before if needed.

3.14. At this point, optionally inject fluorescent vessel dyes into the tail vein to highlight blood vessels during imaging.  Use a fluorescent dextran above 70 KiloDalton, quantum dots or fluorescently labeled lectins.

3.15. During imaging, maintain the mouse at 37 ºC in a controlled environment on the microscope stage.  
3.16. Periodically during imaging, check the level of anesthesia by monitoring breath rate, which should be between 60 and 100 breaths per minute, and correct the anesthesia by adjusting the isofluorane levels.  

3.17. After imaging, return the animal to the surgical site.  There, pull the acrylic off the skin as the spinal clamps are removed.  The mouse can then be closed for later imaging, as at the end of the initial surgery, or be euthanized.
4. Special Interview Parts (spoken by you on camera during the Protocol sections)

Authors:  In this section, please submit a brief statement stressing the required technique for the single most critical step of the procedure.  This will be an interview style shot, interjected into the appropriate point of the protocol section of the video. If there is no single critical step, then there is no need to fill this out.  If there are two critical steps, please fill out two statements, but this is the maximum.  Each statement, should three lines or less.  Please specify who will speak these parts and which step(s) in the protocol the statement pertains to.  Use the step numbers given above.
Author name: Teresa, Step(s)  The most critical steps in this preparation to obtaining clear, usable images are making sure that the spinal cord has been thoroughly cleaned after re-exposure, but not damaged, and making sure that the animal is stable before imaging.  

Author name                    , Step(s)            :     (write your 2nd optional statement here)    
SCREEN CAPTURES:  Authors, if we are going to show how techniques are performed on computers, you will be asked to 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 the file according to the shot number.  Then, upload each of these files to your project folder.
5. Post-Injury Observations
Authors, you will need to break the figures up into their component graphs and individual images for this section and also for previous sections.  For each LAB MEDIA image called for, create a new image file containing only what is described there (the panel, graph, photo or sub-panel).  Wherever needed, copy over the legend or key that may be otherwise omitted.  Then, upload these files to your project folder and list them by file name in the appropriate section of the script, below.
5.1. Five days after injury, the forceps insertion sites are still visible but the lesion has begun to increase in size due to secondary injury caused by inflammation. The axons at the caudal end of the lesion have retracted from the initial site of the injury.

5.1.1. Figure 1D

5.2. Concurrently, a large influx of CX3CR1+ cells, either microglia or macrophages, can be seen infiltrating in and around the crush lesion.
5.2.1. Figure 1E

5.3. To discern the behavior of these cells within the lesion microenvironment, a radiation chimera model was used.  First, the bone marrow progenitor cells of a CX3CR1+/GFP mouse were replaced with non-fluorescent donor cells … 
5.3.1. Figure 2A
5.4. … so only GFP positive CNS-resident microglia would be visible.  
5.4.1. Figure 2A and 2D
5.5. Second, bone marrow progenitor cells in a non-fluorescent mouse were replaced by marrow cells from a CX3CR1+/GFP mouse, to view bone marrow derived cells.

5.5.1. Figure 2A
5.6. Before the injury, the only bone marrow derived GFP positive cells detected were largely perivascular, which have been reported to be continually replaced from the bone marrow.  
5.6.1. Figure 2F
5.7. After the crush injury, CX3CR1 positive / GFP cells are increased along the inside of blood vessels surrounding the lesion, and the lesion center was filled with infiltrating CX3CR1 positive / GFP macrophages.

5.7.1. Figure 2 H-J and 2G
5.8 After time lapse imaging, cells moving in and around the lesion can be tracked at 8 days after injury.

5.8.1 Supplemental Movie #1

5.9 Even at later time points, such as 22 days after injury, clear, stable images can still be taken.  Cell movement is still present, but decreased.

5.9.1 Supplemental Movie #2
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/video/1597/results-example-mably?access=ksw0bprj
6. 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.
6.1. Author name ________: Once mastered, this technique can be done in ____________ (hours/min) if it is performed properly.

6.2. Author name ________: While attempting this procedure, it’s important to remember to ___________.

6.3. Author name Teresa: Following this procedure, other transgenic animals with different fluorescently labeled cell populations can be used in order to answer questions about how the many cell types interact within the spinal cord lesion, and how these cells act in different disease models.  
6.4. Author name ________: After its development, this technique paved the way for researchers in the field of __________ to explore _____________ (subdivision of field, disease, natural phenomenon) in __________( model organism, patient demographic, organ system).

6.5. Author name _________: After watching this video, you should have a good understanding of how to _____________ (restate overall goal of the procedure mention specific steps).

6.6. Author name _________: Don't forget that working with _____________(reagent, pathogen, instrumentation) can be extremely hazardous and precautions such as ____________ should always be taken while performing this procedure.   

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.  

All files are included as separate slides in a powerpoint presentation.  The images are as below:
Overview image parts 1

Overview image parts 2

Overview complete

5.1.1 Figure 1D

5.2.1 Figure 1E

5.3.1 and 5.4.1 Figure 2A and 2D

5.5.1 Figure 2A

5.6.1 Figure 2F

5.7.1 Figure 2H-J and Figure 2G

Two supplemental movies are also included:
5.8.1 Supplemental Movie 1

5.9.1 Supplemental Movie 2
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


