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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? NO  

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? YES 

C.  Which steps of your protocol will viewers benefit most from having filmed? 

We think the viewers will benefit most from visualizing the set-up, injection of 4 mice simultaneously, and the step-by-step image analysis. 

Step 4.6: Four animal set-up in the PET/CT scanner 
Step 7.1-7.3 Four animal injection and PET acquisition

Step 9.4 PET-CT registration

Step 9.6 CT-MR registration
Step 9.7-9.8 Manually drawn ROI analysis

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. 
The single most difficult aspect of this protocol is the time constraint and subsequent logistics associated with using a C-11 radiotracer. Since the half-life of carbon-11 is only 20 mins, it is critical to map out a very clear experimental plan and timeline before attempting this procedure. This is essential to permit imaging of multiple mice prior to significant radioactivity decay and to maximize the quality and quantity of the data. To combat this challenge, we utilize a multi-mouse PET-bed that enables imaging of 4 mice simultaneously. To further avoid radioactive decay of the tracer it is important to make sure the CT acquisition has begun for the first set of 4 mice in advance of radiotracer arrival (step 5.1 and 5.2). Additionally, to ensure accurate quantification of the resulting PET images it is imperative to record the precise time and amount of radiotracer injected in each mouse together with the residual activity in each syringe (step 7.4 and 7.6). 
E.  Will the filming need to take place in multiple locations? YES but they’re not far apart. The imaging room containing the PET/CT scanner (steps 4.6, 5, and 7) is 10 meters away from the computer room where image analysis (Step 9) is performed. If we also film in a conference room that will likely be a 3-5 minute walk away in another building. 
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
(AUTHORS: Please memorize the interview statements prior to filming)

A. Experimental Goal: (read by voice talent at JoVE)
The overall goal of this experiment is to accurately quantify the spatial distribution and extent of neuroinflammation in a mouse model of ischemic stroke using TSPO-PET and MR imaging, and to validate these in vivo findings using ex vivo autoradiography. 

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Michelle James: This method can help answer questions concerning the spatiotemporal dynamics of neuroinflammation post-stroke and the role of acute versus chronic inflammation in functional recovery. 
1.2. Michelle James: The main advantage of this technique is that it permits longitudinal in vivo investigation of neuroinflammation in the entire mouse following stroke. 
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile 
1.3. Aisling Chaney: In addition to providing insight into the role of neuroinflammation in stroke, this method can be applied to other models of neurological disease such as multiple sclerosis and Alzheimer’s disease.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Michelle James: Demonstrating the procedure will be Haley Cropper, a research assistant, from my laboratory.  {Comment: This shot was not filmed}
1.4.1. Interview style: Author saying the above 

1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. 
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.9. Procedures involving animal subjects have been approved by the Administrative Panel on Laboratory Animal Care (APLAC) at Stanford University.
Protocol: (read by voice talent at JoVE)
2. CT Acquisition
2.1. Begin by positioning the aestheticized mice prone on the PET/CT scanner bed [1-MED], ensuring they are straightened and securely in the nose cones [2-CU].  (said “anesthetized”)
2.1.1. Talent demonstrates my place one mouse prone on scanner bed.

2.1.2. Talent places mouse nose in nose cone. 

2.2. Tape the head [1-CU] and the thoracic region of each mouse to the bed with soft surgical tape, ensuring breathing is not restricted by the placement of the tape [2-CU].
2.2.1. Talent tapes the head to the bed.

2.2.2. Talent tapes the thoracic region to the bed. 
2.3. Once animals are secure in the bed and respiration is stable, turn on the laser cross hairs [1-CU] and move the scanning bed so that they align with the brain of all four mice [2-CU].
2.3.1. Talent turns on laser crosshairs. 

2.3.2. Talent moves crosshairs so they align with brains of all four mice. 
2.3.3. Added shot: Close up of moving bed with crosshairs 
2.3.4. Added shot: CU of moving bed at scanner using crosshairs

2.4. Move the scanner bed in to the acquisition position with the brains of the mice as close to the center of the field of view, or FOV, as possible [1-MED-TXT].
2.4.1. Talent moving the scanner bed into the FOV. TEXT: Position 3

2.5. Acquire a scout view image of the mice to verify their position [1-MED-over shoulder] and adjust the position by dragging the FOV box on the interface if necessary [2-MED-over shoulder].
2.5.1. Talent acquires scout view image at computer. 
2.5.2. Talent adjusts the FOV box position. 

2.6. Finally, click “Start Workflow” in the scanner software to begin the CT scan, making sure to select “display interactive user prompts” so the PET (pronounced pet, as in a pet dog) scan can be manually started prior to tracer injection [1-MED-over shoulder].
2.6.1. Talent at computer, selects “Start Workflow” in software, then selects “display interactive user prompts”.

3. PET Acquisition 

3.1. Once the mice automatically advance from CT to PET, set up the back of the scanner for the radiotracer injection [1-MED-TXT]. Place protective absorbent padding on a ledge [2-MED] and make sure scissors and lighter are on hand [3-CU]. 
3.1.1. Talent stands near scanner, and begins to set up scanner for radiotracer injection. TEXT: Injection: [11C]DPA-713
3.1.2. *Film as written. Show with scissors and lighter.
3.1.3. Show scissors and lighter. 

3.2. Snip the sealed catheter tubing with scissors [1-CU], check catheter lines are clear of any bubbles [2-CU], and confirm the cannula is still within the vein by performing a 10 - 20 µL saline flush [3-CU]. Then, load previously measured dose syringes into each of the 4 catheters, keeping track of which dose was given to each mouse [4-MED]. 
3.2.1. *Film as written

3.2.2. Talent presses through tubing to check bubbles. Show talent flushing saline through tubing.
3.2.3. Show talent flushing saline through tubing. 

3.2.4. Slated as 3.2.3. Show talent loading one syringe into 1 catheter. 
3.3. Click “OK” when the PET scan is ready to start while simultaneously starting a 10 second timer [1-MED-over shoulder]. Have two researchers at the back of the scanner with the dose syringes in hand, to inject all 4 mice simultaneously upon the timer reaching zero [2-MED].
3.3.1. Talent at computer, selects ‘ok’ and starts the timer.
3.3.2. Show two researchers holding syringes. Then, both move to inject all 4 mice at the same time. 
3.4. Flush each catheter with 50 - 100 µL of saline to make sure the full dose enters the tail vein [1-CU], and re-seal the tubing once again using a lighter [2-CU]. Next, measure the dose syringes using a dose calibrator to obtain a residual radioactivity value [3-MED].  Take note of the values and the time they are recorded [4-MED-over shoulder].
3.4.1. Talent pushes saline into tube.
3.4.2. *Film as written.
3.4.3. [Multiple shots] Talent measures dose using dose calibrator. 

3.4.4. Talent writes down doses and times. 
3.5. Once the scan is complete, return the PET bed to the original position using the horizontal “home” button within the motion control panel [1-CU]. Remove the mice from the scanner [2-MED] and carefully remove the catheter [3-CU]. Gently apply pressure to the cannulation site to prevent excessive bleeding [4-CU]. 
3.5.1. Talent presses ’home’ button. 

3.5.2. *Film as written
3.5.3. *Film as written 
3.5.4. *Film as written Author Comment: This shot was filmed together with 3.5.3.
3.6. Measure the residual activity in the catheter using a dose calibrator as previously described [1-MED-TXT]
3.6.1. Use shot 3.4.3. TEXT: See text for mice recovery or euthanasia details. 

3.7. Finally, reconstruct the data by opening the post-processing managing software, which will automatically reconstruct each scan using the histogram data that was generated from the first file [1-MED-over shoulder].
3.7.1. Talent at computer. Show post-processing of data with histograms on screen. 
4. Dynamic PET Image Analysis 
4.1. For PET analysis, begin by opening image analysis software, clicking on the “open data” icon to load the CT image, and selecting the “append data” icon to load the dynamic PET [1-MED-over shoulder].
4.1.1. Talent at computer, opens software, clicks on “open data” icon, then clicks on the “append data” icon.

4.2. Perform a visual quality control of the data via the time-series operator in the drop-down menu. Select reference ‘ref’ and “global” and apply an appropriate min and max for the color scale [1-SCREEN]. Visualize the dynamic PET data frame by frame, verifying radioactivity uptake and checking for any motion confounds within the scan [2-MED-over shoulder].
4.2.1. *To be submitted by authors. Author Comment: all videos were submitted with 5 seconds of still at the beginning and end (with a still mouse) as advised by the videographer.
4.2.2. Talent looking at PET data frame by frame. 
4.3. Then, create an average PET image using the arithmetic function. Choose “average selected”, deselect “ref”, and ensure input 1 (“Inp1”), input 2 (“Inp2”) and input star (“Inp*”) are selected to create an average of all the PET frames [1-SCREEN].
4.3.1. *To be submitted by authors. Author Comment: creating the average of all PET frames takes ~30 sec for the software to process, so can use the beginning and end of this clip if it is too long.
4.4. Go to the “data manager” tab and drag the average image up to the “input1” position for visualization purposes. Redistribute the color scale by clicking on the automatic calculation in the “min-max” tool [1-SCREEN].
4.4.1. *To be submitted by authors.

4.5. Next, register the CT to the average PET file using the “automatic 3D” function in the “re-orientation/registration” drop-down menu. Select “ref” and “Inp1”, and choose “rigid”, “fast”, “Inp1 to Ref” registration [1-SCREEN].
4.5.1. *To be submitted by authors. Author Comment: registration takes ~2 min for the software to process, so can use the beginning and end of this clip if it is too long.
4.6. Visually check the registration in all 3 dimensions and manually adjust if necessary in the “manual 3D” tab using the “translation” and “rotation” functions [1-MED-over shoulder]. When satisfied with the registration, select “Inp2” and “Inp*”, and apply to all PET frames by clicking the checkmark. Right click on the CT and PET files in the DM and save as raw [2-SCREEN].
4.6.1. Talent at computer, checks registration. Adjusts by selecting “manual 3D” tab using the “translation” and “rotation” functions.

4.6.2. *To be submitted by authors. Author Comment: re-orientating images takes ~2 min for the software to process, so can use the beginning and end of this clip if it is too long.
4.6.3. Next, select “cropping” from the drop-down menu and drag the image boundaries to crop the head of one mouse at a time below the brainstem. Re-orientate the PET and CT images using the “manual 3D reorientation” function as described above so that the skull is straight in all dimensions [1-SCREEN]. Author Comment: cropping the images takes ~1 min for the software to process, so might want to use the beginning and end of this clip if it is too long.
4.6.4. *To be submitted by authors.

4.7. Load in the MR image for that mouse using the “append data” button on the top left of the interface. Move the MR using the “manual 3D reorientation” and fit to the skull within the CT image [1-MED-over shoulder].
4.7.1. Talent at computer selects the “append data” button on the top left of the interface. Talent fits the skull within the CT image. 
4.8. Next, turn off the PET visualization by deselecting it within the visual controller tab and use only the MR and the CT to draw the region of interest, ROI. In the 3D ROI Tool, click on the “add ROI” button to create a new ROI and name it “infarct”. Select the “spline tool”, left clicking to draw the ROI border and right click to close it [1-SCREEN-TXT].
4.8.1. *To be submitted by authors. TEXT: Repeat through all slices with stroke
4.9. Following that, create a new ROI and label it “contralateral”. Right click on the Infarct ROI and select “export”. Then, move the ROI to position 2, “Inp1”. [1-SCREEN] With only “Inp1” selected, tick the “ROI” box and choose “view only”. Within the “reorientation/registration” menu, apply a left right flip using the “operator” function, and manually move the new ROI to the identical region on the contralateral side. Then, select the “arithmetic’s” operator and apply a scalar multiplication of 2 to the new ROI, permitting independent quantification of ROIs [2-SCREEN].
4.9.1. *To be submitted by authors.

4.9.2. Added Shot: *To be submitted by authors.
4.10. Return to the 3D ROI tool. Go to the “expert and experimental” tab and click on the “import ROI” button. Select Inp1 from the dialog box to load the new volume as the contralateral ROI [1-SCREEN].
4.10.1. *To be submitted by authors.
4.11. Finally, right click on the average PET image and unload it and turn the PET back on.  [1-MED-over the shoulder} Generate the quantitative uptake results using the “export results” icon within the 3D ROI tool [2-SCREEN] 
4.11.1. Talent at computer. *Film as written. Also filmed via the screen. 
4.11.2. Added shot 4.12.1: *To be submitted by authors
5. Results: [11C]DPA-713 is effective in quantifying neuroinflammation in the dMCAO mouse model of stroke 
5.1. The resulting PET/CT images and time activity curves display increased radiotracer uptake in the ipsilateral versus contralateral hemispheres [1-LM].
5.1.1. Figure 3A: Highlight ‘PET/CT”. Then, highlight TACs when ‘time activity curves’ is mentioned. 
5.2. Further, quantification of dynamic PET brain images, using summed data from 50 - 60 min, revealed a significant increase in tracer uptake in the ipsilateral compared to the contralateral hemisphere in dMCAO, but not in sham mice using the manually drawn ROI approach. [1-LM].
5.2.1. Figure 3B: Highlight y-axis labels ‘ratio and PET uptake’.  Put a box around column of data for ‘ROI Approach’. 


6. Conclusion (said by authors on camera)

6.1. Aisling Chaney: After watching this video, you should have a good understanding of how to accurately and efficiently detect and quantify neuroinflammation in a mouse model of ischemic stroke via TSPO-PET, using both automatic and manual image analysis methods. Additionally, you should be able to confirm these in vivo findings using ex vivo digital autoradiography. 

6.2. Emily Johnson: Since the half-life of carbon-11 is so short, it is critical to map out a very clear experimental plan and timeline before attempting this procedure to maximize the quality and quantity of the data. 
6.3. Aisling Chaney: Following this procedure, other methods including immunohistochemistry can be performed to answer additional questions concerning the correlation between glial activation and TSPO expression.
6.4. Haley Cropper: Don't forget that working with radioactivity can be extremely hazardous. To ensure exposure is kept to a minimum, precautions such as protective clothing, increasing your distance when possible and utilizing lead shields should be employed 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.  

Insert your media filenames here.
Section: filename

Section 4.2: 57243_4.2.1
Section 4.3: 57243_4.3.1
Section 4.4: 57243_4.4.1
Section 4.5: 57243_4.5.1
Section 4.6: 57243_4.6.2

Section 4.7: 57243_4.7.1 
Section 4.9: 57243_4.9.1
Section 4.10: 57243_4.10.1


57243_4.10.2

Section 4.11: 57243_4.11.1
Section 4.12: 57243_4.12.1
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 are included in the email accompanying the finalized script.
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