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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.2.-2.5.

D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.2.2, varies case by case
E. Will the filming need to take place in multiple locations? N
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.  Required Interview Statements
: (Said by you on camera. Don’t forget to smile!)  

1.1. Doris A. Taylor: This method can help answer key questions in the tissue engineering and regenerative medicine field about how to generate vascularized scaffolds – the Holy Grail of tissue engineering. 
1.2. Doris A. Taylor: The main advantage of this technique is that a pressurized pouch in the inverted orientation improves the decellularization of non-transplantable human hearts in a sterile and timely fashion.   
B.  Optional Interview Statements
: (Said by you on camera. Don’t forget to smile!)  

C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
Protocol: (read by voice talent at JoVE)
2. Organ Preparation and Decellularization
2.1. To prepare the heart for decellularization, first perform an internal inspection for possible defects [1-WIDE-TXT].
2.1.1. Talent performing internal inspection (TEXT: e.g. atrial septal or ventricular septal defects or aortic, pulmonary, mitral, or tricuspid valve malformation)
2.2. If a septal defect is present [1-CU], correct the defect with the appropriate sutures [2-ECU-TXT].
2.2.1. Shot of defect
2.2.2. Defect being sutured/Shot of sutured defect (TEXT: Septal correction necessary for decellularization monitoring via pulmonary artery)
2.3. Next, ligate the superior and inferior vena cavas with a 2-0 silk suture, suture the right atrium wall with a 5.0 prolene [1-CU] and dissect the aorta away from the main pulmonary artery for subsequent cannulation [2-CU].
2.3.1. Vena cava(s) being ligated
2.3.2. Added shot: Right atrium being sutured. 
2.3.3. Aorta being dissected
2.4. Insert the connectors according to the diameter of the vessel into the aorta and the pulmonary artery [1-ECU] and secure the connectors with 2-0 silk sutures [2-CU].
2.4.1. Connector(s) being inserted

2.4.2. Connector being secured
2.5. Using one of the pulmonary vein orifices, insert a tubing line through the left atrium toward the left ventricle [1-MED-over the shoulder] and connect an infusion line to the connector in the aorta [2-CU] and an outflow line to the connector in the pulmonary artery [3-CU].
2.5.1. Talent inserting tubing line
2.5.2. Infusion line being connected
2.5.3. Outflow line being connected
2.6. Place the prepared heart into a polyester pouch in the inverted orientation [1-MED] and place the pouch into a perfusion container [2-MED].
2.6.1. Talent placing heart into pouch

2.6.2. Talent placing pouch into container/closing lid over pouch in container

2.7. Connect each of the lines to their respective ports in the rubber stopper according to the diameter of the container [1-CU] and insert the stopper into the lid of the perfusion container to seal the polyester pouch [2-MED].
2.7.1. Line(s) being connected
2.7.2. Stopper being inserted
2.8. Then perfuse PBS via the infusion port of the rubber stopper to verify the outflow from the pulmonary artery and from the line inserted into left ventricle [1-CU], using this flow to clean the organ of any residual traces of blood within the vasculature [2-CU-TXT].
2.8.1. PBS being infused into heart
2.8.2. Shot of flow coming from outflow tubing (TEXT: Tight connection lines as necessary)
2.9. When the heart is ready, place the assembled bioreactor in an upright orientation [1-MED] and connect the infusion line, pressure-head line, pulmonary artery-outflow line, and bioreactor draining line to the rubber cap surface ports on top of the perfusion bioreactor [2-MED].
2.9.1. Talent placing bioreactor in upright position

2.9.2. Talent connecting line(s)

2.10. Then decellularize the heart for 4 hours with hypertonic solution [1-CU-TXT], 2 hours with hypotonic solution [2-CU-TXT], 120 hours with sodium dodecyl sulfate, or SDS, [3-CU-TXT], and a final wash with 120 liters of PBS all under constant 120 millimeters of mercury of pressure as measured at the aortic root [4-CU-TXT].
2.10.1.  Heart being flushed (TEXT: 500 mM NaCl)

2.10.2.  Heart being flushed (TEXT: 20 mM NaCl)

2.10.3.  Heart being flushed with SDS (TEXT: Recirculate final 60 L of SDS until end of SDS perfusion)

2.10.4.  Heart being flushed with PBS (TEXT: Mean LV pressure w/in 14-18 mmHg throughout decellularization)
2.11. During the last 10 liters of the PBS wash, add 500 mL of sterile 2.1% peracetic acid solution neutralized with 10 normal sodium hydroxide to the perfusion solution to sterilize the scaffold [1-MED].
2.11.1.  Talent adding peracetic acid solution being added to heart/chamber
3. Results: Representative Whole Human Heart Decellularization Flow Rate Analysis
3.1. Typically, the flow rate into the aorta during the decellularization process gradually decreases as the perfusion solution changes from hypertonic to hypotonic [1-LM].
3.1.1. Figure 7A.psd: Video Editor: please emphasize data line from hyper 1 to hypo 2 data points

3.2. In contrast, the flow rate increases when the perfusion solution is changed from a hypotonic solution to SDS [1-LM], at which point the infusion flow rate demonstrates fluctuations [2-LM].
3.2.1. Figure 7A.psd: Video Editor: please emphasize data line from hypo2 to SDS1

3.2.2. Figure 7A.psd: Video Editor: please emphasize data line from SDS1 to SDS-d5

3.3. The outflow rate from the pulmonary artery demonstrates a similar trend with the hyper- and hypotonic solutions [1-LM], however, the outflow rate during the SDS perfusion exhibits an overall decrease [2-LM].
3.3.1. Figure 7B.psd: Video Editor: please emphasize data line from hyper 1 to hypo 2 data points

3.3.2. Figure 7B.psd: Video Editor: please emphasize data line from SDS1 to SDS_d5

3.4. The coronary perfusion efficiency also decreases over time as the different reagents are perfused through the vasculature [1-LM].
3.4.1. Figure 7C.psd: Video Editor: please emphasize data line OR no animation

3.5. As the outflow perfusate from the pulmonary artery [1-LM] and left ventricle are simultaneously collected [2-LM], their debris content can be compared by spectroscopy [3-LM].
3.5.1. Figure 8A.psd: Video Editor: please emphasize PA column of images

3.5.2. Figure 8A.psd: Video Editor: please emphasizes Non-PA column of images

3.5.3. Figure 8A.psd: Video Editor: no animation

3.6. The turbidity of the effluent from both of the vessels decreases over time during the perfusions [1-LM], although the turbidity from the pulmonary artery exhibits a more abrupt color change [2-LM] compared to that observed from the left ventricle during the initial perfusion period [3-LM].
3.6.1. Figure 8B.psd: no animation

3.6.2. Figure 8B.psd: Video Editor: please emphasize solid data line spike between hypo2 to SDS_d0.5

3.6.3. Figure 8B.psd: Video Editor: please emphasize dotted data line spike between hypo2 to SDS_d0.5

3.7. Evaluation of the correlation between the outflow turbidity and the cell debris by a bicinchoninic acid protein assay from six decellularized human hearts reveals a linear correlation between the protein concentration and the effluent turbidity [1-LM].

3.7.1. Figure 8C.psd: Video Editor: please add/emphasize R2 = 0.95 text OR emphasize data line
4. Conclusion
 (said by authors on camera):
4.1. Doris A. Taylor: While attempting this procedure, it’s important to remember to monitor the flow rate and to collect the perfusate periodically to monitor the perfusion process.
4.2. Doris A. Taylor: Following this procedure, other methods, like mechanical evaluation or sterility testing, can be performed to answer additional questions about the fidelity of the scaffold and the generation of a functional tissue by recellularization.
4.3. Doris A. Taylor: After its development, this technique paved the way for researchers in the field of tissue engineering and regenerative medicine to explore the engineering of whole vascularized organs and tissues – literally changing the options in the transplant field.
4.4. Doris A. Taylor: Don't forget that working with human organs and tissues and with chemicals such as SDS can be extremely hazardous and that precautions, such as wearing the appropriate Personal Protection Equipment, should always be taken while performing this procedure.   

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 

3.1.2. 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. 
Figure 7A.psd 

Figure 7B.psd
Figure 7C.psd
Figure 8A.psd
Figure 8B.psd
Figure 8C.psd
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 in the email accompanying the finalized script.

�Authors: These statements have been edited for length.


�Authors: If you would like to include the Optional statements, they must be given by other Authors.


�Authors: These statements have been edited for length and/or clarity.
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