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Title:  A Novel high-resolution in vivo imaging technique to study the dynamic response of intracranial structures to tumor growth and therapeutics
Corresponding Author:  Kelly Burrell
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) ____N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_______2/3/4___________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  ____The most difficult aspect of this protocol is the imaging, and being able to produce high resolution single cell images of value, this is a skill which comes with experience and being able to correctly position the mouse on the inverted microscope. __________________________
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.  
Procedural Narrative:
The overall goal of this procedure is to obtain high-resolution single-cell images of bone marrow derived progenitor cells, following their recruitment patterns to normal brain and brain tumor associated vasculature with time. (Intro)
This is accomplished by removing the tibia and femur from donor mice to obtain fluorescent bone marrow progenitor cells and then injecting those cells into irradiated recipient mice. (P1, Start with just the green mouse. Have the bone emerge from the green mouse’s hindleg, and the green mouse disappears. Then some green cells emerge from the bone and go into the syringe. The white mouse appears along with the yellow radiation sign and the yellow “radiation” shining on the mouse. The have the yellow radiation sign and the yellow radiation disappear and the syringe moves in to inject the tail vein.)
The second step is to generate intracranial GBM xenografts in the chimeric mice inside a cranial window chamber. (P2. The feet, tail and ears of the mouse from P1 turn green. Then show some red cells going into a syringe, then the syringe moves to the mouse skull. Then zoom into the mouse skull to show the inset image.)
Next, the mice will undergo a variety of treatment regimens including stereotactic guided radiation. (P3, yellow radiation sign and yellow “radiation” appear.)
The final step is to image the mice on a 2photon confocal microscope.  Ultimately, this methodology can be used to dynamically study the mechanisms of vascularization intracranially in a variety of models. (P4, the radiation disappears, the scope lens appears. The final image can appear out of the window on the mouse’s skull.)
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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. Kelly burrell: The main advantage of this technique over existing methods, like histopathology of ex vivo tissue, is that we can study critical dynamic information related to vessel formation in the brain and as such answer key questions surrounding the mechanisms of intracranial neo-vascularisation. 

1.2. Gelareh Zadeh: Though this method can provide insight into intracranial neo-vascularisation, it can also be applied to other systems and disease processes, such as intracranial ischemia or stroke, neuro-degenetiave disease and mechanisms of tumor cell metastases to the brain. 

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. Bone Marrow Reconstitution
2.1. Begin this procedure by confirming the fluorescence expression of the GFP donor mouse. After euthanizing the mouse, clean both hindlimbs, and remove the tibia and femur.  Strip all excess tissue from the bones.
2.1.1. LAB_MEDIA: Goggles successfully adapted for camera and footage of fluorescent mouse included.
2.1.2. MED-over the shoulder:  Talent cleans the hindlimbs of the mouse.

2.1.3. CU:  The mouse as the tibia and femur are removed.

2.1.4. ECU:  The bone as the excess tissue is stripped.
2.2. Then, remove the end plates from both ends of the 4 extracted bones.  Flush them with a 22 gauge needle and 1ml sterile PBS; they will turn clear once all the bone marrow has been flushed out. 
2.2.1. MED-over the shoulder:  Talent removes the end plates from both ends of the extracted bones. 

2.2.2. MED-over the shoulder:  Talent flushes the bones with a 22 gauge needle and 1ml sterile PBS.

2.2.3. CU:  The clear bones and the columns of extracted bone marrow.
2.3. Afterward, mix the extracted bone marrow suspension well; it should contain approximately 20 million cells which is enough for 3 host mice reconstitutions.  Next, prepare three 27 guage tuberculin needles and draw 300ul of the bone marrow suspension into each of them.  After positioning the mouse the restrainer and marking the dorsal tail vein to orient yourself, inject the suspension into the lateral tail vein of 3 previously irradiated NODscid (Pronounced “nod skid”) mice.
2.3.1. MED-over the shoulder:  Talent mixes the extracted bone marrow suspension well.

2.3.2. MED-over the shoulder:  Talent draws 300ul of the bone marrow suspension into a 27 guage tuberculin needle.

2.3.3. CU:  Of a marked and irradiated mouse as the suspension is injected into its lateral tail vein.

3. Intra-cranial Window Generation  

3.1. In this procedure, anesthetize the chimeric bone marrow NODscid mice and apply tear gel to prevent corneal dehydration.  Clean head with alcohol and remove the excess hair, then clean the underlying scalp with alcohol.  

Out of order – 3.1.2 followed by 3.1.3 and 3.1.1,  which were combined (teargel, clean and then remove hair): [Video Editor: Hard to tell what the final slating was, but it sounds like there are two shots for step 3.1. Put the gel being applied to the eyes first, then the other one.]
3.1.1. CU:  The mouse as tear gel is applied to the eyes.   3.1.2
3.1.2. CU:  The scalp as it is cleaned with alcohol. 3.1.3
3.1.3. MED:  Talent removes the hair from the scalp of the mouse.   3.1.1
3.2. Make an incision from the midpoint of the ears to just above the eyes.  Remove the scalp at either side of the first incision to expose about 5mm of the underlying skull.  Then, identify the anatomical landmarks of the skull surface.
3.2.1. MED:  Talent makes an incision from the midpoint of the ears to just above the eyes.
3.2.2. CU:  The head of the mouse as the scalp at either side of the first incision is removed to expose about 5mm of the underlying skull.
3.2.2 DETAILS – demonstrate underlying skull landmarks to reference to Fig 2Bi

3.2.3. LAB_MEDIA:  50363_ Burrell_Figure 2Bi

YES PLEASE INCLUDE FIG 2Bi IN VIDEO TO DEMONSTRATE THE LANDMARKS [Video Editor: Please consider whether Fig 2Bi can be shown on a split screen/inset with the preceding shot of the mouse skull.]
3.3. Next, identify and lift the periosteum by injecting 2% lidocaine with epinephrine solution.  Subsequently, dissect the periosteum away from skull surface with a sharp instrument.
3.3.1. CU:  The head of the mouse as the periosteum is lifted by injecting 2% lidocaine with epinephrine solution. Cut away the lifted periosteum from the skull surface.
3.3.2. CU:  The head of the mouse as the periosteum is dissected away from skull surface.
3.4. Then, use a 2.7mm trephine drill to weaken a 2.7mm circular bone flap on the right hand hemisphere of the skull equidistant from both lambda and bregma; do not penetrate the bone with the drill in order to protect the underlying dura and tissue.  Now, remove the weakened bone flap using the dissection tweezers and dental hook with deliberate but controlled force.
3.4.1. MED-over the shoulder:  Talent uses a 2.7mm trephine drill to weaken a 2.7mm circular bone flap on the right hand hemisphere of the skull equidistant from both lambda and bregma.

3.4.2. ECU:  The drilling site as it is being carefully drilled.

3.4.3. CU:  The skull as the weakened bone flap is removed.
3.5. Next, load a 30 guage Hamilton syringe with 10ul cell suspension and place the needle onto the stereotactic frame.  Then, place the mouse on the stereotactic frame.  Align the needle to the center point of the window generated.
3.5.1. MED:  Talent places a 30 guage Hamilton syringe loaded with 10ul cell suspension onto the stereotactic frame.

3.5.2. CU:  The mouse as it is placed on the stereotactic frame.

3.5.3. MED-over the shoulder:  Talent aligns the needle to the center point of the window generated earlier.
3.6. After that, lower the needle till it touches the cortical surface.  Then, reset the digital coordinates.  Now, lower the needle 3.2mm into the cortical tissue, then retract 0.2mm and inject at 3mm depth.  Injection should be carried out at a rate of 10ul in 1 minute.
3.6.1. CU:  The needle as it’s being lowered and touches the cortical surface.

3.6.2. MED-over the shoulder:  Talent resets the digital coordinates.
3.6.3. CU:  The needle as it is lowered to 3.2mm and retracted 0.2mm.

3.6.4. MED-over the shoulder:  Talent sets the injection rate at 10ul/ min. 
3.7. When the injection is completed, leave the needle in place for 1 minute before retracting it slowly.  Then, remove the mouse from the frame.
3.7.1. MED-over the shoulder:  Talent retracts the needle slowly.

3.7.2. MED-over the shoulder:  Talent removes the mouse from the frame.
3.8. Subsequently, keep the brain surface hydrated using drops of sterile PBS.  Place a 3mm coverslip on the brain surface to seal the 2.7mm window.  Then, dry the surrounding skull bone.  
3.8.1. MED-over the shoulder:  Talent keeps the brain surface hydrated using drops of sterile PBS.

3.8.2. CU:  The brain surface as a 3mm coverslip is placed on it to seal the 2.7mm window.

3.8.3. CU:  The skull as the surrounding skull bone is dried.

3.9. Next, apply vetbond to glue the scalp tissue to the skull bone and to keep the coverslip in place; do not apply too much as it will leak under the glass and decrease the imaging potential.  Next, mix the fresh dental acrylic powder and solution in the hood, and apply the mixture over the vetbond using a 22G needle.  To ensure a tight seal, apply the acrylic to slightly overlap with the edge of the glass coverslip, but does not cover the glass. 
3.9.1. CU:  The skull as vetbond is applied to glue the scalp tissue to the skull bone and to keep the coverslip in place.
3.9.2. MED-over the shoulder:  Talent mixes the fresh dental acrylic powder and solution in the hood.

3.9.3. CU:  The vetbound as the dental acrylic is applied over it and also slightly overlaps with the edge of the glass coverslip.

4. Stereotactic Radiation
4.1. In this step, place an anesthetized mouse onto a custom head restrainer inside the house designed XRAD225 stereotactic irradiator. 
4.1.1. WID: Talent loading mouse onto restrainer

4.1.2. MED:  Talent places the restrainer into the house designed XRAD225 stereotactic irradiator.

4.2. Obtain a 360 degree cone beam CT scan with the Xray tube running at 40kVp and 0.05mA through a 2mm Aluminum filter.  Use the image to position the stage, such that the radiation isocenter is aimed to the right hemisphere and is central in the dorsal ventral direction.
4.2.1. WID PAN: Inside the machine as the gantry rotates around the mouse.

4.2.2. MED-over the shoulder:  Talent operates the machine to obtain a 360 degree cone beam CT scan.

4.2.3. SCREEN:  A movie to show that the image is used to position the stage on the monitor.
Will attempt to take and send to you 

4.3. There are a wide variety of collimators available for targeting the radiation, which demonstrates the adaptability of the model; in this case we use 8mm x 11mm for hemispheric irradiation. Insert the hemispheric collimator into the XRAD225 stereotactic irradiator. 
4.3.1. MED:  Talent picks up the 8mm x 11mm collimator up among other collimators.

4.3.2. MED:  Talent inserts the hemispheric collimator into the XRAD225 stereotactic irradiator.
4.4. Obtain the single CT orthogonal images from both the top and the bottom through the collimator to ensure correct positioning of the head by locating the anatomical bone structures and manually fine tuning the stage position on the monitor.
4.4.1. MED-over the shoulder:  Talent locating the anatomical bone structures and fine tuning the stage position on the monitor to obtain the single CT orthogonal images.

Will attempt to take screen movie and send to you

4.5. Change the XRAD225 irradiator aluminum filter to a 0.93mm copper treatment filter.  Then, run the X-ray tube program at 225kVp and 13mA and administer half of the radiation dose from the top in an AP direction. 
Author’s note: “4.5 and 4.6 now merged in a single footage.” [Video Editor: Can’t tell if the next four shots were merged into a single shot (4.5.1) or into two shots (4.5.1 and 4.5.2).]
4.5.1. MED Return the gantry to the bottom position, and administer the second half of the radiation dose again with the X-ray tube running at 225kVp and 13mA from the bottom in a PA direction.:  Talent changes the XRAD225 irradiator aluminum filter to a 0.93mm copper treatment filter.

4.5.2. MED:  Talent sets the X-ray tube program to be run at 225kVp and 13mA. 
Merged with 4.6.1, 4.6.2, collimator footage included
4.6. Return the gantry to the bottom position, and administer the second half of the radiation dose again with the X-ray tube running at 225kVp and 13mA from the bottom in a PA direction.
4.6.1. MED:  Talent returns the gantry to the bottom position.

4.6.2. MED:  Talent administers the second half of the radiation dose again.
If additional in machine footage required can supply – was included in the footage
5. In Vivo two photon laser microscopy

5.1. In this procedure, anaesthetize the previously generated intracranial window mouse and clean the window using alcohol spray.
5.1.1. MED-over the shoulder:  Talent cleans the window using alcohol spray.

5.2. Set up the channels on the confocal microscope as determined by the fluorochromes integrated into the chimeric mouse generated. Alternatively reuse previous settings to reduce variability between imaging session. (Text overlay:  Refer to Table 1 in the accompanying manuscript for the channels used in this model).
5.2.1. CU:  The confocal microscope as talent setting up the channels.  Text overlay:  Refer to Table 1 in the accompanying manuscript for the channels used in this model.
5.3. Inject any tags required for imaging to the lateral tail vein, in this case dextran for vasculature. Invert the mouse onto the custom built head restrainer supporting with moldable plasticine, ensuring the head is perpendicular to the laser and flat.  Load the restrainer onto the moveable microscope stage.
5.3.1. MED-over the shoulder: Talent injects dextran vial the tail vein.

5.3.2. CU:  The head of the mouse as it is stabilized with moldable plasticine and that it is perpendicular to the laser and flat. 
5.3.3. MED-over the shoulder:  Talent places the back of the mouse onto the moveable microscope stage.  
5.4. Turn on first channel laser and position it to the center of the intracranial window by directly looking at the laser beam intersection point on the window of the chamber.  Take an image of each channel for the entire window with a 5x lens and use it as a map for other higher resolution images with 10X and 20X ‘long range’ lenses. 
5.4.1. MED-over the shoulder:  Talent turns on the first channel laser, and begins to position the laser
5.4.2. CU:  The laser beam intersection point on the window (Taken underneath the microscope stage whilst talent continues to position)
5.4.3. MED:  Talent setting up and capturing a 3 channel image for demonstration.

6. Results:  Potential problems encountered with this novel high-resolution in vivo imaging technique and the  potential uses of the model 
6.1. This schematic highlights the technical errors associated with the surgical process, and demonstrates the effect each will have on the images produced. Trapped air under the window will be visible as bubbles on the images (Video editor, please zoom in 3Bi here) Acrylic build up on the glass is autofluorescent in the far red channel and will block out part of the field of view (Video editor, please zoom in 3Biii here).  Similarly, dirt on the window during imaging shows up as autofluorescent flecks in the images (Video editor, please zoom in 3Biv here). 

6.1.1. LAB-MEDIA:  50363_ Burrell_Figure 3B
6.2. Even the perfect intracranial window can encounter problems once it is under the microscope. Breathing artifacts result in lined images (Video editor, please zoom in 3D here) whilst poor positioning of the mouse on the frame results in a segmented image as the laser only crosses part of the tissue (Video editor, please zoom in 3E here).
6.2.1. LAB-MEDIA:  50363_ Burrell_Figure 3D/E
6.3. With post-image processing it is possible to add an additional channel for CFP tagged cells, whereby GFP images can be subtracted from CFP image to reveal the true CFP signal (Video editor, please zoom in panel 4A here). The availability of 5 fluorescent channels allows the user a large amount of flexibility and adaptability of the novel murine model described in this paper.

6.3.1. LAB-MEDIA:  50363_ Burrell_Figure 4A

6.4. In addition, utilizing the second harmonic generation autofluorescence characteristic of collagen IV fibers, we are able to image the basement membrane of the vasculature. (Video editor, please zoom in panel 4B)
6.4.1. LAB-MEDIA:  50363_ Burrell_Figure 4B

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

7. 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.
7.1. Kelly Burrell: While attempting this procedure, it’s important to keep in mind the hazardous products used during the surgical procedures, it is also essential to be meticulous and pay specific attention to details, ensuring the brain tissue remains undamaged throughout the long term imaging.

7.2. Gelareh Zadeh: After watching this video, you should have a good understanding of how to create a chimeric mouse with fluorescent progenitor cells and in turn be able to capture high resolution real time images of the intracranial vasculature following tumor implantation with or without therapy intervention.

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.  

Specific suggestions:

2.2 – 50363_burrell_Figure1.tif -  BM extraction if zooming in on the small bones is not possible during filming (Fig 1Aiii)

3.1 – 50363_burrell_Figure2.tif – Highlight the anatomical landmarks image and demonstrate drill position (Fig 2Bi) 

3.2 – 50363_burrell_Figure2.tif – Periosteium lifting if zooming in on the video is not clear. (Fig 2Bii)

Figure lists

50363_Burrell_Figure 1.tif – Bone marrow reconstitution.

50363_Burrell_Figure 2.tif – Intracranial window generation.

50363_Burrell_Figure 3.tif – Problems encountered during imaging.

50363_Burrell_Figure 4.tif – Potential uses of the model.

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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