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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? Y 
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? 
2.2, 2.3, 2.4, 2.7, 3.3 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.4., 2.6.
E.  Will the filming need to take place in multiple locations? Y, 500 m apart 
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. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this protocol is to facilitate a structured and reproducible method for 3D whole heart tissue processing that can be used to assess the targeting accuracy of intramyocardial injections into the infarct border zone. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Pieter Doevendans: This method can help answer key questions in the cardiac regenerative medicine field about the development and optimization of injection techniques. 

1.2. Steven Chamuleau: The main advantage of this technique is that it offers a standardized and reproducible method for 3D whole heart tissue processing.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. René van Es: The implications of this technique extend toward the development of cardiac regenerative therapies and validating the injection accuracy of novel delivery techniques.  

1.4. Leon de Jong: The aim of this cardiac stem cell therapy is to inject cells into the infarct border zone for stimulation of vasculogenesis and cardiomyocyte protection.
1.5. Thijs van den Broek: Capturing the heart in the end-diastolic phase requires practice and patience, a visual demonstration of these steps is critical.     
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.6. Procedures involving animal subjects have been approved by the Animal Experiments Committee (DEC) at University Utrecht.
Protocol (read by voice talent at JoVE):
2. Embedding Procedure
2.1. Begin by separating the pericardium from the microbead-injected heart [1-WIDE-TXT], keeping the atria and ventricles intact [2-CU-TXT].
2.1.1. Few seconds Talent separating pericardium from heart (TEXT: See text for microbead injection details) Author note: “First two cuts in scene 2.1.1 take 1 are the best visual demonstration of this step”
2.1.2. Last few seconds pericardium being removed (TEXT: Here a porcine heart is shown)
2.2. When all of the tissue has been removed, use Klinkenberg scissors to dissect the ascending aorta about 1 cm above the aortic valve [1-CU] and cut the inferior caval and pulmonary veins about 1 cm from the atrium [2-CU].
2.2.1. Few seconds asceding aorta being dissected

2.2.2. Few seconds veins being cut
2.3. After fixing the apex of the heart to the bottom of the plastic embedding container to prevent flotation, place 2-0 sutures through the remaining part of the aorta to the rims of the container [1-CU]  and fixate the heart [2-CU]. Take care that the heart is centered and not touching the walls of the container [3-CU].
2.3.2. Few seconds second suture being placed (NOTE: shot order changed from original shotlist)
2.3.1. Few seconds heart being fixed
2.3.2. Shot of centered, sutured heart not touching walls of container

2.4. When the organ has been secured in an end-diastolic-like geometry, use mosquito clamps to grip the inferior caval vein [1-CU] and use a 50 mL syringe to slowly inject freshly-prepared 50-60 °C agar into the right atrium via the superior caval vein [2-CU-TXT] until both the right atrium and ventricle are completely filled [3-CU].
2.4.1. Few seconds clamp being placed

2.4.2. Few seconds agar being injected (TEXT: See text for all reagent preparation details)

2.4.3. Shot of completely filled atrium and ventricle

2.5. Thijs van den Broek: “To obtain an embedded heart resembling the end-diastolic geometry as closely as possible, fix the left ventricle apex to the bottom of the container and fill the right ventricle with agar while the pulmonary veins are clamped.” [1-MED-interview style]

2.5.1. Thijs van den Broek, speaking the above interview style (looking just off-camera)
2.6. Next, place a mosquito clamp on the pulmonary veins [1-CU] and gently pass a new agar-filled 50-mL syringe in the retrograde direction through the aortic valves [2-CU]. 
2.6.1. Few seconds clamp being placed

2.6.2. Few seconds syringe being passed through valves

2.7. Slowly inject the solution into the left ventricle until the ventricle and left atrium are completely full [1-CU], clamping the aorta once the left ventricle has been filled [2-CU-TXT].
2.7.1. Few seconds agar being injected

2.7.2. Shot of filled ventricle, then few seconds clamp being placed (TEXT: Caution: Avoid agar bubbles during embedding process) 
2.8. Now pour the remaining agar into the container until the heart is fully covered [1-CU] and place two rigid plastic tubes within the embedding container to serve as reference structures during the image registration [2-CU-TXT].
2.8.1. Last seconds of rest of agar being poured/heart being covered
2.8.2. Second of tubes being placed, with first tube already placed visible in frame (TEXT: Tubes should not touch walls of container/heart)
2.9. Then place the heart at 2-7 °C for at least 4 hours to solidify the agar [1-MED].
2.9.1. Heart being placed at 2-7 °C storage
3. Tissue Processing and Fluorescence Imaging
3.1. After magnetic resonance imaging, turn the container upside down [1-WIDE] and allow air between the agar and the sides of the container to remove the solid agar solution and the heart from the container [2-CU].
3.1.1. Talent turning container upside by down (TEXT: See text for MR imaging details)
3.1.2. Few seconds agar/heart sliding out of container

3.2. Remove the plastic rods [1-MED]. 
3.2.1. Talent removing at least one rod from agar Author note: “The best visual demonstration is scene 3.2.1 take 2”
3.3. Then use a meat slicer to section the agar block and the heart in 5 mm slices from the apex to the base of the heart [1-MED-TXT], cutting parallel to the bottom of the agar block to keep the angulation of the slices the same as in the acquired magnetic resonance images [2-CU].
3.3.1. Few seconds Talent section agar/heart (TEXT: Caution: Always wear appropriate PPE when using meat slicer) combined with 3.3.2. Author note: The best visual demonstration is the last slice being cut in take 5 or the first slice in take 6
3.3.2. Few seconds heart being sliced parallel to bottom of block included in 3.3.1
3.4. When all of the slices have been obtained, stain the tissue samples in TTC [1-CU-TXT].
3.4.1. Few seconds TTC being added to at least one section, with TTC container label visible in frame (TEXT: TTC = 2,3,5-triphenyltetrazoliumchloride)
3.5. After 15 minutes, photograph the slices on both sides at a perpendicular angle [1-MED]. Then carefully rinse the sections in 0.9% saline [2-MED].
3.5.1. Few seconds Talent photographing at least one slice

3.5.2. Few seconds section(s) being rinsed, with saline container visible in frame 
3.6. To image the samples by fluorescence microscopy [1-MED], select fluorescence-mode imaging on the variable-mode scanner [2-MED] and set the pixel size to 100 x 100 microns [3-SCREEN].
NEW order of steps 

           3.6.0 (see added step mentioned above)

           3.6.3 (selecting fluorescence-mode)

            3.7.2 (pixel size being set provided by authors)
3.7. Next, select the appropriate filter block [4-MED], set the photomultiplier tube to the appropriate voltage [5-MED-over the shoulder] and the excitation laser to the excitation wavelength closest to that of the injected microbeads [6-SCREEN-TXT].
         3.6.1 (selecting filter block) 

         3.7.1 (setting tube voltage)

          3.6.2 (selecting excitation lasers)
3.8. For the first filter block, select a bandpass filter that overlaps with the emission wavelength of the bead fluorescence in channel 1 [1-SCREEN] and a bandpass filter for the second filter block outside the emission wavelength in channel 2 [2-SCREEN-TXT].

3.8.1. *To be provided by Authors: Bandpass filter being selected in channel 1

3.8.2. *To be provided by Authors: Bandpass filter being selected in channel 2 (TEXT: Scanning can now be carried out)

3.9. Then, using both channels, completely scan both sides of each sample, including the reference holes, in the fluorescence mode of the variable-mode laser scanner [1-SCREEN].
3.9.1. *To be provided by Authors: Few seconds at least one side being scanned Authors chose not to film
3.10. After all of the images have been obtained, in the appropriate post-processing software [1-MED-over the shoulder], segment the myocardium and endo- and epicardial left ventricle borders in the magnetic resonance images [2-SCREEN], followed by a similar segmentation of the myocardium and injection sites in the fluorescence images [1-SCREEN].
3.10.1. Talent at computer, segmenting an image Author note: 2 shots, one over the shoulder, one of the screen
3.10.2. *To be provided by Authors: Few seconds myocardium, endo- and epicardial left ventricle borders being segmented
3.10.3. *To be provided by Authors: Few seconds myocardium and injection sites being segmented

3.11. Then linearly interpolate the image registered segments from both sides of the slices to reconstruct the original sample thickness [1-SCREEN] and to create a 3D model of the data [2-SCREEN-TXT].
3.11.1. Few seconds segments being interpolated

3.11.2. Few seconds 3D model being created (TEXT: See text for image registration details)
4. Results: Representative Ex Vivo Imaging and 3D Reconstruction
4.1. With the heart secured in an end-diastolic-like geometry as just demonstrated, in this representative experiment, the agar successfully adhered to the heart tissue, enabling the tissue to be sliced at the desired angulation with equal slice thicknesses [1-LM].
4.1.1. 54974_Chamuleau_Figure1.psd: no animation

4.2. In both the 2D fluorescence [1-LM] and magnetic resonance images [2-LM], the scar and injection sites are clearly distinct [3-LM].
4.2.1. 54974_Chamuleau_Figure2.psd: please highlight/indicate left image

4.2.2. 54974_Chamuleau_Figure2.psd: please highlight/indicate right and middle images

4.2.3. 54974_Chamuleau_Figure2.psd: please add red circles as in original Figure 2C and E

4.3. TTC-stained tissue [1-LM] and late-gadolinium enhanced-magnetic resonance images provide a control for scar assessment in fluorescence imaging [2-LM].
4.3.1. 54974_Chamuleau_Figure1.psd: please highlight/indicate left image
4.3.2. 54974_Chamuleau_Figure1.psd: please highlight/indicate right image
4.4. Post-processing imaging enables reconstruction of the 3D geometry of the ex vivo heart based on the segmentations and fluorescent images [1-LM], allowing assessment of the 3D injection accuracy [2-LM].
4.4.1. 54974_Chamuleau_Figure3.psd: no animation
4.4.2. 54974_Chamuleau_Figure3.psd: please add arrow as in original Figure 2F
4.5. In this study, the injection depositions and the infarct border zone were projected onto the endocardial wall [1-LM] and the distances between the projections on the endocardial surface were measured [2-LM].
4.5.1. 54974_Chamuleau_Figure4.psd: please outline/indicate light green area in left image (corresponds to white area of original Figure D) (Authors: if appropriate, please also leave instructions for Video Editor as to how to indicate this in the 3D model image)
4.5.2. 54974_Chamuleau_Figure4.psd: please add red line and black 5.29 mm text and accompanying black line as in original Figure D (Authors: if appropriate, please also leave instructions for Video Editor as to how to indicate this in the 3D model image)
5. Conclusion (said by authors on camera)
5.1. Thijs van den Broek: Following this procedure, other methods like histological assessment, infarct size quantification or validation of other 3D imaging modalities, can be performed. 

5.2. Frebus van Slochteren: We have used this technique to assess the accuracy of injection into the infarct border zone. This research was conducted to improve cardiac regenerative therapy for heart failure.
5.3. René van Es: After watching this video, you should have a good understanding of how to prepare the heart, how to embed and process the cardiac tissue, and how to perform fluorescence imaging of the cardiac tissue samples.
Provided Media

Authors: Please list all images, movie files, or 3-D rendered animations to be included in the video. 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.  

4.1 – 54974_Chamuleau_Figure1.psd – TTC and fluorescence images and schematic
4.2 – 54974_Chamuleau_Figure2.psd – Fluorescence and MR images
4.4 – 54974_Chamuleau_Figure3.psd – 3D  model of the LV, scar and injection sites
4.5 – 54974_Chamuleau_Figure4.psd – Fluorescence image and 3D  model of the LV, scar and injection sites
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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