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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)?  

To be confirmed – we do have the ability to perform video microscopy but I will need to confirm whether this is appropriate to your requirements. The microscope we use is Carl Zeiss dissecting microscope.
B. Does your protocol include detailed, step-by-step, descriptions of software usage (Y/N, please specify steps by number)? 

Yes. Steps 3.13-3.15 and 4.1-4.13
C. Which steps of your protocol will viewers benefit most from having filmed? (use the numbering below) 

P1 (the femoral artery injury surgery) is the most technically demanding part and a video would be very useful here. The other part that would be useful filmed and is the tissue handling and scanning – alongside screen shot of the software.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?
The most difficult aspect of the procedure described is the surgery; in particular, getting the wire into the femoral artery. The key part of the OPT is embedding the sample in the correct orientation for scanning.
E. Will the shoot take place in more than one location?  (Y/N, specify travel time between locations)
No. it will all take place at the QMRI in Little France Edinburgh, although possibly in more than one room/ building.

Schematic Overview (read by a voice talent at JoVE)
The overall goal of this procedure is to demonstrate how optical projection tomography can be used for visualisation and 3-dimensional quantitation of atherosclerotic and neointimal lesions in the mouse. (Intro)  This is accomplished by first generating arterial lesions in mice either surgically or (P1) by feeding a high cholesterol diet to mice with a predisposition to develop atherosclerosis. (P2)  The next step is to isolate the target artery and scan it using optical projection tomography. (P3)  The final steps are to perform image reconstruction, identify the lesion and measure the lesion volume. (P4)  Ultimately, results can show anatomical reconstructions of the lesion and quantification of lesion volume and arterial narrowing through image analysis. (P5)
Video editor:

P1 – Start with the purple mouse in the upper right corner.  Have the top right artery illustration central.  Fade to the bottom right artery illustration.  Keep all labels.

P2 – Keep purple mouse in upper right.  Fade on P2 cartoon central and slide the artery to a corner.

P3 – Fade out the two mice.  Then fade on the P3 image and animate the artery moving to the flatbed scanner.
P4 – There are two P4 images. Fade to top P4 image.  Add the black boxes (three on left) one at a time, along with their corresponding line that extends to the 3D reconstruction image.  Then repeat this animation sequence on the bottom P4 image.

P5 – Put the two P4 images in the top half of the screen and fade P5 onto the bottom half.


[image: image1]
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. (Move step 1.2 before step 1.1) Junxi Wu: The main advantage of this technique over existing methods, like histology or immunohistochemistry, is that it is less labour intensive and allows 3-dimensional rather than 2-dimensional analysis.   

1.2. Patrick Hadoke: Our group has an interest in the mechanisms underlying the formation of lesions that cause arterial narrowing, leading to life-threatening complications such as heart attack or stroke. This application of optical projection tomography was developed by Dr Nick Kirkby working with Dr Lucy Low in my group. Demonstrating the procedure will be Junxi Wu, a post-doctoral scientist from my laboratory.

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

2. Mouse Femoral Artery Lesion Surgery
2.1. This technique to induce femoral artery lesions is modified from those by Roque and company and Sata and company.  The text protocol explains how to induce arthrosclerotic lesions by dietary manipulation.
2.1.1. WID: talent preparing the surgical site, cleaning area 
2.1.2. MCU MED: laying out instruments for surgery
2.1.3. WID: talent retrieving mouse cage
2.2. Begin with a 10 to 12 week old C57-black-6 mouse, weighing between 25 and 30 grams. 
2.2.1. MED: mouse is taken from cage and placed on balance
2.2.2. CU: balance reading showing 25-30 g
2.3. Once anesthetized (TEXT: 4-5 % isofluorane), place the mouse on a warm pad to maintain its body temperature and provide isoflurane at 2 to 3 percent via a nose cone.
2.3.1. (2.3.1 and 2.3.2 done in one shot) MED: positioning KO’d mouse on warm pad,
2.3.2. MED: then adjusting the isofluorane concentration and attaching nose cone to mouse
2.4. When the mouse is not responsive to a toe pinch, administer buprenorphine at 0.1 milligrams per kilogram.  
2.4.1. CU: checking toe pinch response
2.4.2. MED: loading syringe with bup and (vaguely seen) applying bup to mouse
2.5. Next, put the mouse on its back and shave the ventral surface of the left hindlimb.
2.5.1. CU: shaving the mouse
2.6. Then, make an incision to expose the muscles of the upper hindlimb. (TEXT: This dissection does not require the use of a microscope.)
2.6.1. ECU: first incision(s), exposing muscles
2.7. Between the bifurcation of the popliteal artery and the abdominal wall, make a blunt dissection to isolate the femoral nerve from the femoral artery and vein. 
2.7.1. SCOPE: isolating the femoral artery and vein, ask that they be identified for the camera
Authors, at this point, we would prefer a tighter view of the dissection through your dissecting microscope so the viewers get the full detail of the surgical procedure.
2.8. Throughout the procedure, keep the tissues moist with one percent weight by volume lignocaine.
2.8.1. (Can use shot 2.6.1 for this purpose) ECU: moistening the tissue with solution
2.8.2. SCOPE: view of solution being applied to the exposed vessels 
2.9. Next, place temporary 6-0 Mersilk ligatures around the femoral artery and vein close to the abdominal wall …
2.9.1. SCOPE: sewing around the femoral artery and 
2.10. … and immediately below the branch with the popliteal artery.  These are to control the blood flow.
2.10.1. SCOPE: sewing around vessels below the artery branch
2.11. Then, isolate the popliteal artery, two to five millimeters distal to the branch with the femoral artery, and ligate the popliteal artery.  Under the popliteal artery, place a second ligature.
2.11.1. SCOPE: isolating the popliteal artery, then sewing around it twice
2.12. Now, make a small incision for the wire insertion in the popliteal artery, immediately distal to the branch with the femoral artery.  Apply pressure to the proximal temporary ligature to prevent bleeding.
2.12.1. SCOPE: making incision in popliteal artery and tightening the nearby threads to stop bleeding (before shooting this, perhaps the ligation induced injury can be demonstrated (2.15))
2.13. Through the incision and, into the femoral artery, towards the abdominal wall, insert a 0.014 inch guidewire about one to one point five centimeters.  Leave it in place for thirty seconds and then remove it.
2.13.1. SCOPE: inserting the wire into femoral for 30 seconds
2.14. Then, using the ligatures, ligate the popliteal artery above the incision.  Be careful to avoid occluding the femoral artery.
2.14.1. SCOPE: tightening threads around popliteal artery, not femoral
2.15. For a ligation-induced injury, skip making the incision, and make ligations of the popliteal artery immediately distal to the femoral bifurcation, or of the common femoral artery at the branch with the popliteal artery.
2.15.1. SCOPE: (if possible, otherwise we need to delete the dialogue) show an un-incised set up and show ligations being made
2.16. Now, remove the temporary ligatures.
2.16.1. SCOPE: removing threads 
2.17. Close the wound with discontinuous, running sutures using 5-0 Mersilk.    Then, apply EMLA cream.
2.17.1. ECU: closing up wound with sutures and applying cream
2.18. Allow the animal to regain consciousness and movement in the recovery cage before returning it to the home cage.   The leg is expected to show lameness for two or three days, but this does not mean the mouse must be isolated.
2.18.1. MED: transferring the mouse to from recovery cage to the home cage 
2.18.2. WID: returning mouse to the home cage to the colony (leaving surgical site, transporting mouse cage)
2.18.3. CU: post-surgical mouse hopping around in cage, with house mates
3. Analyzing Arterial Lesion by Optical Projection Tomography (OPT)

3.1. For OPT, the mouse must be euthanized. Induce terminal anesthesia from pentobarbital.  (TEXT: 80 mg Pentobarbital / kilogram injected in PBS with 10 U heparin / ml)   
3.1.1. WID: talent euthanizing mouse with injection – loading syringe, delivering shot, all rather vague from wide angle
3.2. Then, make a transcardiac perfusion fixation with exsanguination. (TEXT: 10% neutral buffered formalin)
3.2.1. MED: performing the perfusion (vague)
3.3. Now, isolate the femoral arteries or the aortic arch and its branches.  Remove any extraneous, peri-adventitial material in the process.
3.3.1. ECU/SCOPE: isolating the femoral arteries and branches, show removal excess material
Most likely, this will be easier to show from a scope’s view, but an ECU may work okay.
3.4. Then, post-fix the tissue in 10 percent neutral buffered formalin overnight.
3.4.1. MED: transferring the tissue to a formalin bath, covering and setting aside to incubate
3.5. The next day, either store the tissue in 70 percent ethanol, or proceed by embedding the arteries in filtered (TEXT: Whatman 113V paper filtration), 1.5 percent, LMP agarose.  Gently lower the tissue into the molten agarose at about 40 ºC.
3.5.1. WID: taking agarose from warm bath, pouring into petri dish
3.5.2. MED: picking tissue out of formalin
3.5.3. CU: lowering tissue into agarose in dish
3.6. Trim the agarose to make a conical shape.  
3.6.1. MED: attaching the agarose/tissue to mount by applying glue
3.6.2. ECU: settled on position showing the arteries in line with the mount, then the agarose is trimmed to a cone shape
3.7. Now, dehydrate this preparation in 100 percent methanol for at least 12 hours.
3.7.1. MED: pouring methanol bath and loading the mount/agarose/tissue into ethanol bath
3.8. Once dehydrated, clear the vessels in a one to two mixture of benzyl alcohol and benzyl benzoate.   Let the vessels incubate in this solution for 12 to 24 hours.
3.8.1. (3.8.1 and 3.8.2 filmed in same shot) WID: talent pouring the benzyl alcohol and benzyl benzoate into new bath
3.8.2. MED: moving the mount/agarose/tissue from ethanol bath to benzyl bath
3.9. The next day, load the cleared sample into the tomograph, which should be pre-calibrated.
3.9.1. WID: talent arrives to tomograph with the sample
3.9.2. CU: loading the sample into the tomograph
3.10. The resolution is set at 1024 by 1024 pixels.  Set the magnification for the area of interest.  The Z-axis will automatically be set to the same resolution.  The voxel size will be about 200 microns.
3.10.1. MED: talent takes seat at computer to adjust setting
3.10.2. SCREEN CAPTURE: setting magnification pixels and voxels
3.11. Next, using the bright field channel, position the sample so it rotates around its own axis at the center of the field of view.
3.11.1. SCREEN CAPTURE: setting to bright field and positioning the sample 
3.12. Using the GFP1 filter emission channel, set the focus and adjust the exposure to maximize the dynamic range of the image.  Avoid over-saturation.
3.12.1. SCREEN CAPTURE: setting to GFP1 and adjusting focus/exposure for best image
3.13. Now, scan the vessel in the GFP1 emission channel only with 0.9 degree steps. 
3.13.1. SCREEN CAPTURE: setting scan steps and starting scan
3.14. The sample should then be returned to 100% methanol for at least 24 hours, prior to embedding in wax for histological analysis.
3.14.1. MED: methanol bath ready, labeled, removing the sample from the tomograph
3.14.2. CU: setting sample into methanol bath
4. Image Reconstruction and Analysis 47
4.1. Open the acquired images in NRecon software or similar software.
4.1.1. WID: talent at computer, opens NRecon and the images
4.3
     [moved] Using DataViewer software, check the quality of the image reconstruction.

4.3.1
(4.2.1 and 4.3.1 done as one shot, and order switched) SCREEN CAPTURE: opening the DataViewer package and loading images
4.2. Improve the image quality.  Adjust the image intensity and have the software compensate for any misalignment of the sample from its ideal rotational axis.
4.2.1. SCREEN CAPTURE:  fixing image intensity and adjusting alignment
4.3. [moved] Using DataViewer software, check the quality of the image reconstruction.

4.3.1. SCREEN CAPTURE: opening the DataViewer package and loading images
4.4. Then, identify the section of the sample for analysis. If luminal dimensions are being recorded, set this section to a consistent value.

4.4.1. SCREEN CAPTURE: identifying the section for analysis and setting section for luminal dimension analysis
4.5. In every 1 in 50 sections, manually trace an outline around the lesions along their border.

4.5.1. SCREEN CAPTURE: tracing the outline of the lesion on one section, then doing the same in another
4.6. Then, check all the interleaved cross-sections to make certain that the computer-generated interpolations look about right.  Fix them manually if they are not right.

4.6.1. MED: talent looking at cross-section interleaving 

4.6.2. SCREEN CAPTURE:  adjusting an incorrectly interleaved cross-section
4.7. Now, set the grey-level threshold so that only the lesion is selected.  

4.7.1. SCREEN CAPTURE: setting grey-level to select just the lesion
4.8. Then, export the measurement data.

4.8.1. SCREEN CAPTURE: exporting the data
4.9. For each scan, define the vertical region of interest, containing the lesion.  

4.9.1. (4.9.1 and 4.10.1 in same shot) SCREEN CAPTURE: defining vertical ROI with lesion
4.10. In every fiftieth scan line, trace the border between the media and the position of the internal elastic lamina.   

4.10.1. SCREEN CAPTURE: tracing borders on one scan, then skipping up 50 scans and repeating
4.11. The software can then interpolate the border in all the other scans.  Manually check these interpolations and correct them as needed.

4.11.1. (4.11.1, 4.12.1 and 4.13.1 all done as one shot – all labelled 4.11.1) SCREEN CAPTURE:  instructing software to interpolate the border
4.11.2. (use shot numbered 4.6.1) MED: talent checking the interpolated border on the computer, maybe identifying spots of interest/concern with finger to screen
4.12. Now produce a binary image set with the white pixels representing neointima, and black pixels representing patent lumen.  This is accomplished by defining the intensity thresholds.

4.12.1. SCREEN CAPTURE:  setting thresholds to create neointima and patent lumen binary image
4.13. Once this is accomplished, the object volume is the total lesion volume and the luminal volume is the total volume less the object volume.  Thus, the distribution of the lesion and lumen along the axial length is assessed.

4.13.1. SCREEN CAPTURE: volume measurement as displayed by the software – mouse can circle object volume and the total volume
4.13.2. MED: talent taking notes form screen into lab notebook, printing a report or performing a similar action showing recording volumetric data to a hard copy)
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. Optical Projection Tomographs of Lesioned Femoral Arteries
5.1. Murine femoral arteries were harvested 28 days after wire-induced or ligation-induced injury.  Neointimal thickening was evident in the emission projections.
5.1.1. LAB MEDIA: Fig 3A
5.2. In reconstructed two dimensional slides, concentric neointimal lesions could be distinguished.
5.2.1. LAB MEDIA: Supp Figure 1 LQ S1.mov
5.3. Optical projection tomography emission images of whole aortic arch from an ApoE deficient mouse identified the expected lesions in the lesser curvature of the aortic arch, the brachiocephalic artery and in the origins of the left carotid and subclavian arteries.   The same lesion was segmented and rendered in red to emphasize the distribution of plaques when superimposed on the original image.
5.3.1. LAB MEDIA: Supp Fig 3 .mov 
5.4. The media and lumen could be distinguished in cross-sectional images, showing that these were eccentric lesions. Here, as the scan moves distally along these branches the lesions gradually reduce and disappear, first in the subclavian artery, then in the carotid, and finally in the brachiocephalic artery. Interestingly, the lesion in the brachiocephalic artery moves onto the flow divider as this vessel divides into the right carotid and right subclavian arteries.
5.4.1. LAB MEDIA: Supp Figure 2 LQ.mov
6. Conclusion Interview (spoken by you on camera)

6.1. Junxi Wu: Following this procedure, other methods like histological or immunohistochemical staining can be performed in order to answer additional questions like what is the composition of the lesion.

6.2. Patrick Hadoke: After its development, this technique paved the way for researchers in the field of vascular research to explore the influence of endothelin receptors, lectins and steroid metabolizing enzymes in the pathogenesis of neointimal and atherosclerotic lesions
6.3. Patrick Hadoke: After watching this video, you should have a good understanding of how to obtain and analyse 3-dimensional images of lesions in murine arteries using optical projection tomography.
List of Provided Media Filenames and Descriptions 
5.1.1 – Hadoke_Figure 3A.pdf - Lesion formation following ligation of the left femoral artery
5.2.1 - Hadoke_Supp Figure 1.mov – OPT scan of a mouse femoral artery with a neointimal lesion showing a non-tomographic image (left) with cross-sectional OPT images taken at the point the travelling line transects the artery.

5.3.1 - Hadoke_Supp Figure 3.mov - Volume rendering of a tomographically re-constructed, OPT-imaged, atherosclerotic aortic arch.
5.5.1 - Hadoke_Supp Figure 2.mov – OPT scan of the aortic arch and its major branches from an atherosclerotic (apolipoprotein E-/-) mouse showing a non-tomographic image (left) with cross-sectional OPT images taken at the point the travelling line transects the artery
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.
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