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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)?  No, however we will need to film videos from computer screen. Mouse will be in radiological platform, and there is an internal video camera that will output to computer screen for viewers behind lead shielding.
B. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below): Step 2.3-2.11, 3.1-3.8, 4.7-4.10
C. What is the single most difficult aspect of this procedure and what do you do to ensure success?  Calibration of radiation beam. Ensuring success will involved proper maintenance of the equipment, and consulting with the manufacturer of your specific radiological platform. This of course depends on the commercial vendor you purchase your equipment from.
D. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations) Yes, there will be two buildings within a seven minute walk from one another. Professor Blackshaw will be in his office at BRB 329, and the SARRP radiological platform will be in the subbasement of CRBII building. 

Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to describe an advanced radiological technique, which allows one to perform focal irradiation on small animal models and subsequently inhibit proliferation with anatomic-specific resolution. (Intro)  This is accomplished by first employing computer tomography (CT) guided three-dimensional volumetric imaging for localization of the region of interest. (P1)  The second step of the procedure is to calculate the delivery and duration of radiological treatment to the region of interest. (P2)  The third step is to perform film-based calibration for the radiation dose. (P3)  The final step is to determine radiation beam accuracy by direct visualization of the radiation beam in the tissue. (P4)  Ultimately, results from these studies can demonstrate the potential functional role of select proliferating neural progenitor populations by post-treatment analysis of physiology and behavior. (P5)
Video editor:

P1 – Animate the provided figure by having it show up one panel at a time without the red, then adding in the red text and marks in the image.  Also make better arrangement of two panels over one panel.

P2 – Use the provided still, there is video of this that could be better in shot 3.3.1 or provided media 3.3.2.mov, if made available.

P3 – Animate these images, they are X-ray films, so they could be shown initially very dark, then have the background sort of light up like a light box (a fluorescent light flicker followed by the quick little ramp up to full fluorescent light) and in parallel make the images go to full brightness.  These three should not be rearranged, keeping them in order is more like they would appear on the light box.

P4 – Show the three provided images one at a time, evenly over this narrative.

P5 – Here we have nothing in the provided image.  Instead, use Figure 6D-I.  From this 6 part panel, fade through the panels D, G and H, remove the big letters D, G and H.
[image: image1.png](P5)
Analysis of physiology and
behavior between sham and
irradiated groups.

(P4)





1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Juan Salvatierra: The main advantage of this technique over existing methods for suppressing neurogenesis, such as broad irradiation of the brain, is that it uses radiation beams as small as 0.5 mm in diameter to target specific neural progenitor populations. This allows one to unambiguously associate and behavioral or physiological defects with the function of specific neural progenitor populations.

1.2. Esteban Velarde: Visual demonstration of this method is critical, as the radiation beam calibration steps are difficult to learn initially, because of the numerous steps involved in using both the hardware and software for proper localization and dosage.   

Protocol Chapters (read by a voice talent at JoVE):

2. Calibration of CT-guided Laser Platform: Part 1

2.1. Prepare an isoflurane gas anesthesia chamber.  Then, add a single mouse into chamber.  
2.1.1. WID: talent turns on the gas chamber, or checks the setting, and then loads a mouse into the chamber
2.2. In parallel, prepare a heating pad on the low setting, for post-treatment animal care.  
2.2.1. MED: talent sets up heating pad for post-treatment use and turns it on
2.3. When the mouse no longer responds to a foot-pad compression, bring it to the radiological platform and place it on the immobilization bed of the robotic stage.
2.3.1. WID: talent arrives with anesthetized mouse to radiological platform location
2.3.2. MED: places mouse on platform and then places platform on the robotic stage
2.4. Place its mouth into the nose-cone anesthesia cup, and its teeth into the bite guard.
2.4.1. CU: attaching cone to moue and putting placing guard in mouth
2.4.2. LAB MEDIA: Figure 1D – for reference, could replace video or used in addition if the video is unclear 
2.5. Lay the mouse flat on the immobilization bed.  If it remains unresponsiveness, secure the mouse with gauze tape.  Make sure the head is level to a horizontal plane, by pulling up on the ears. 
2.5.1. CU: mouse positioned flat on bed, and taped down with gauze tape
2.5.2. CU: angle camera to show the plane of the bed, head is checked to be level to this plane by talent tugging mouse ears to make adjustments
2.6. Once the mouse is in the correct position, close the lead protective shield. 
2.6.1. MED: lowering the protective shield over the mouse
2.7. Now, acquire a computer-tomography scan using the on-board software of the radiological platform to gain a three-dimensional anatomical structural scan of the mouse subject.
2.7.1. COMPUTER OUTPUT TO 2ND SCREEN:  talent uses software to make CT-scan and shows the 3D structure of mouse, if your camera can attach to a video input, then great, do that, otherwise film the screen

2.7.2. SCREEN CAPTURE: authors, if possible, obtain commercially available screen capture software that makes videos of the screen output, then upload those video with this shot number as a file name to your project folder (LAB MEDIA: 50716_Lee_Screen_mouse imaging.avi)
2.8. From the images, check that the head is level to the horizontal plane.  If not, continue adjusting the mouse’s head until it is so.
2.8.1. MED: talent looking over the video monitor, pointing out how the levelness of the head is checked, a straight-edge (level) held to the monitor would make a good tool
2.8.2. CU: making an adjustment to the mouse’s head to show how it would be made leve
2.9. Now, identify the ROI from the CT images.  To visualize the ventrobasal hypothalamus with CT imaging, operate the X-ray tube as listed.  (TEXT: 0.4-mm focal spot, 100 kVp beam, 1 mm Al filter)
2.9.1. LAB MEDIA: Figure 3 – show panel in 3A
2.10. Calculate the distance from the ROI to the surface of the skull using a 45-degree angle to the horizontal plane.
2.10.1. LAB MEDIA: Figure 3E
2.11. Using on-board software, take an X-ray of the mouse subject from above. 
2.11.1. LAB MEDIA: Figure 4A
2.12. Then, remove the mouse from the radiological platform, place it on the heating pad and monitor it until it is active.
2.12.1. CU: un-taping the mouse
2.12.2. MED: moving the mouse from the platform to the heating pad
3. Calibration of the CT-Guided Laser Platform: Part 2 
3.1. From the coronal CT images, calculate the average ROI anatomical depth of at least three mice in order to determine delivery dosing.
3.1.1. WID: talent with CT-images, looking them over and making notes
3.1.2. CU: notes the talent is taking, three or more values written down, then the average of these values is written down
3.2. As an example from a previous study where 10-Gy of irradiation was administered to the ventrobasal hypothalamus, the depth of the ROI from the skull, from a 45-degree angle, is 0.66 centimeters.
3.2.1. LAB MEDIA: Figure 3E
3.3. Once the value is known, use dose-planning software to calculate the appropriate rotation speed and length of treatment for the desired dose to the ROI.
3.3.1. COMPUTER OUTPUT TO 2ND SCREEN:  talent uses software to calculate the dosage in rotation speed and treatment time, if your camera can attach to a video input, then great, do that, otherwise film the screen

3.3.2. SCREEN CAPTURE: authors, if possible, obtain commercially available screen capture software that makes videos of the screen output, then upload those video with this shot number as a file name to your project folder (LAB MEDIA: 50716_Lee_Screen_phantom imaging.avi – Special note: use first portion of video)
3.4. Next, measure the dose distributions of the calculated parameters. Embed three GAFchromic radiation-sensitive films into a water-equivalent plastic mock-mouse.  Position them between four vertically stacked water-equivalent plastic blocks.
3.4.1. MED: talent preparing the four films to embed them into the mouse
3.4.2. CU: embedding the films into the mock mouse 
3.4.3. ECU: show the blocks between the films in the mock mouse
3.4.4. LAB MEDIA: Figure 4B – for refrence
3.5. Place the mock mouse on the robotic stage and run the focal irradiation beam with the newly calculated parameters.  In this example, a 10-Gy dose of radiation to the ventrobasal hypothalamusis is tested. (TEXT: 0.15 mm Cu filter, 225 kVp, 13 mA, 1-mm diameter radiation beam, 45 degree gantry angle, 1.3 degree/sec rotation, 4.6 minutes) (LAB MEDIA: 50716_Lee_Screen_phantom imaging.avi and 50716_Lee_Screen_phantom irradiation.avi)
3.5.1. MED: positioning mock mouse on stage
3.5.2. MED: talent operates equipment to dose the mock mouse with radiation
3.5.3. MED: talent removes the mock mouse from the stage
3.6. Following the irradiation, check the pattern and intensity of the dosage on the films.
3.6.1. CU: talent unloads the films from the mock mouse and sets them safely to the side to analyze
3.7. For a 360 degree angle rotation targeting the ventrobasal hypothalamus, the cone-beam irradiation produces a dark ring in the film above the isocenter, a small crisp spot at the isocenter film and a lighter ring in the film below the isocenter.
3.7.1. (if possible): MED: talent clips the films to a light box to see the x-ray image
3.7.2.  LAB MEDIA: Figure 4B
3.8. Now, superimpose the isocenter GAFchromic film over the X-rays.  
3.8.1. CU: on light box, talent aligns the x-ray film with the GAFchromatic film
3.9. The irradiated focal point at isocenter should overlap with the desired ROI.
3.9.1. LAB MEDIA: Figure 4C.
3.10. Later, the accuracy of the irradiation beam can be assessed in the tissue by visualizing a marker of double stranded DNA breaks.  (TEXT: Consult the text protocol for details.)
3.10.1. WID: talent performing some representative step of staining brain tissue, can be vague
3.10.2. WID: as above, another representative step
4. Preparation of Mouse Subjects for Focal Irradiation 

4.1. Once satisfied with the calibration and targeting of the irradiation beam, proceed with the experiment. 
4.1.1. WID: following shot, talent gathering the mouse cages needed on the experiment of high-fat fed mice
4.2. In this example, five week-old C57-black-6J female mice were given a high fat diet for one week prior to the treatment.
4.2.1. CU: mouse cage with C57-B6/J mice, high-fat food in their feeder
4.2.2. ECU: mouse in cage feeding on high-fat food
4.3. The day before treatment the mice were weighed and split into two cohorts with no significant difference in weight between the cohorts. 
4.3.1. MED: talent weighing the mice individually, one by one, and recording their weights in a lab book
4.4. On the day of the treatment the mice were re-weighed, then gently transported to the radiological platform.
4.4.1. WID: talent with mice for experiment, on cart, rolling them from mouse room to radiological treatment room, following shot – gentle transportation of mice shown
4.5. With the mice ready, prepare the isoflurane gas chamber and anesthetize two mice, one in the experimental group and the other a control.
4.5.1. WID: talent with cart of mice near gas chamber, turns on the gas chamber
4.5.2. MED: selecting a mouse and loading it into a gas chamber, then selecting a second mouse and placing it in a gas chamber (if there are two chambers, otherwise show second mouse loaded only if two mice are supposed to get treated in the same chamber)
4.6. Also, set the heating pad to the low setting for post-operative treatment. 
4.6.1. Reuse 2.2.1
4.7. Set the mouse up to receive irradiation as previously described.  While treatment is going on, keep the sham mouse in the anesthesia chamber near the CFIR platform, so any effects on ambient radiation are factored in.
4.7.1. MED: talent loading one mouse onto the platform and taping it down
4.7.2. CU: mouse’s head is leveled (on platform)
4.7.3. MED: talent places second mouse in location where ambient radiation is received
4.8. After the target is identified on the CT, move the mouse subject under the robotic control to align the target with the beam.  Then, input the calculated dose setting and deliver the radiation.
4.8.1. COMPUTER OUTPUT TO 2ND SCREEN:  talent uses software to make CT-scan and then align beam, enter dosage parameters and deliver radiation, if your camera can attach to a video input, then great, do that, otherwise film the screen

4.8.2. SCREEN CAPTURE: authors, if possible, obtain commercially available screen capture software that makes videos of the screen output, then upload those video with this shot number as a file name to your project folder

4.9. After the irradiation, place both mice to the heating pad and monitor them until they wake up.
4.9.1. WID: talent unloading mouse from the platform and transferring it to the heat pad, then moving the second ambient-radiation mouse to the heat pad
4.10. After all the mice are irradiated, monitor them daily and weigh them twice a week.
4.10.1. MED: transferring the mice from the heat pad, now stirring and okay to move, back to their home cages
4.11. Three days after treatment, to confirm irradiation, administer intraperitoneal injections of BrdU. (TEXT: 50 mg BrdU / kg) 
4.11.1. WID: in location where BrdU shots would be made, talent is preparing to load a syringe with BrdU solution
4.11.2. CU: syringe being loaded from clearly labeled bottle of BrdU injection solution
4.12. Once month later, identify neurogenesis in cells with BrdU and a neuronal marker.
4.12.1. LAB MEDIA: 50716_Lee_Figure 6A.tif
5. Calibration and Experimental Findings
5.1. Dose distributions were measured with GAFchromic radiation-sensitive films embedded in a mock-mouse.  The cone of radiation had a full width at a half maximum of 2.31 millimeters.  The focal beam spot demonstrates the precision alignment of beams from different directions. 
5.1.1. Figure 4B (LAB MEDIA: 50716_Lee_Figure4B.tif)
5.2. This film can be superimposed on top of an x-ray of the real mouse subject, demonstrating beam position and precision.
5.2.1. Figure 4C (LAB MEDIA: 50716_Lee_Figure4C.tif)
5.3. Should targeting of the ROI be insufficient with the anatomical landmarks, an injection of intrathecal iodine contrast can be used to enhance the targeting.  Lateral and third ventricles are clearly visualized in CT scans acquired on a CFIR radiological platform.
5.3.1. Figure 5A (LAB MEDIA: 50716_Lee_Figure5A.tif)
5.4. To further confirm the CT-guided targeting of the hypothalamic ME, the location of the beam in the tissue was visualized from the resulting double-stranded DNA breaks. Gamma-H2AX staining demonstrated precise targeting with an extremely sharp edge to the beam.
5.4.1.  Figure 5B (LAB MEDIA: 50716_Lee_Figure5B.tif)
5.5. The stereotactic-like arc treatment, consisting of an arc at 45° from the vertical, effectively targeted the ventrobasal hypothalamus, without irradiating other neurogenic niches.
5.5.1. Figure 5C (LAB MEDIA: 50716_Lee_Figure5C.tif)
5.5.2. Figure 5D (LAB MEDIA: 50716_Lee_Figure5D.tif)
5.6. The effect of irradiation on neurogenesis was investigated with HFD-fed adult mice.  There was approximately 85% inhibition of ME neurogenesis compared with sham-treated controls. Whereas in an adjacent structure bordering the irradiation site, there was no statistically significant difference between irradiated animals and sham controls.
5.6.1.  Figure 6A (LAB MEDIA: 50716_Lee_Figure6A.tif)
5.7. Irradiated mice fed high-fat diets prior to treatment had decreased weight gain post-treatment compared to the sham treated group.
5.7.1. Figure 6C (LAB MEDIA: 50716_Lee_Figure6C).tif
5.8. In contrast, normal-chow fed control mice, which had significantly lower levels of ME neurogenesis than their high-fat fed counterparts, did not show a significant difference in weight between the sham versus irradiated groups.
5.8.1. Figure 6B (LAB MEDIA: 50716_Lee_Figure6B.tif)
5.9. Moreover, this reduced weight gain in irradiated high-fat fed mice is accompanied by changes in metabolism and activity.
5.9.1. Figure 6D-I (LAB MEDIA: 50716_Lee_Figure6D-I.tif)
6. Conclusion Interview (spoken by you on camera)
6.1. Seth Blackshaw: Once mastered, this technique can be done in approximately 15 minutes per mouse if it is performed properly.  Just don't forget that working with radiation can be extremely hazardous and precautions such as the use of lead shielding, radiation detectors, and proper radiation usage training should always be taken prior and while performing this procedure.  

List of Provided Media Filenames and Descriptions (fill this in)

Graphical Overview – 50716_Lee_GraphicalOverview.psd

2.3.1 – 50716_Lee_Figure1D.tif
2.7.2 – 50716_Lee_Screen_mouse imaging.avi
2.8.1 – 50716_Lee_Figure3.tif

2.9.1 and 3.2.1 – 50716 – Figure3E.tif

2.10.1 - 50716_Lee_Figure4A.tif
3.3.2 – 50716_Lee_Screen_phantom irradiation.avi (first part of the video)

3.5 – 50716_Lee_Screen_phantom imaging.avi

3.5 – 50716_Lee_Screen_phantom irradiation.avi
3.4.1 and 3.8.1 - 50716_Lee_Figure4B.tif

3.10.1 - 50716_Lee_Figure4C.tif

4.8.2 – 50716_Lee_Screen_targeting.avi

4.13.1 and 5.8.1- 50716_Lee_Figure6A.tif

5.1.1 and 5.6.1 - 50716_Lee_Figure4B.tif

5.2.1 - 50716_Lee_Figure4C.tif

5.3.1 - 50716_Lee_Figure5A.tif

5.4.1 and 5.7.1 - 50716_Lee_Figure5B.tif

5.5.1 - 50716_Lee_Figure5C.tif

5.5.2 - 50716_Lee_Figure5D.tif

5.9.1 - 50716_Lee_Figure6C.tif

5.10.1 - 50716_Lee_Figure6B.tif

5.11.1 - 50716_Lee_Figure6D-I.tif

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.

�Vidoegrapher was able to get direct shot from the radiation platform, so this is not necessary any more.
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