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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope:
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) 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? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
2.1) Dissociation of myocyte monolayer. The cells need to be handled gently to increase cell viability. 

3.2) Dissociation of the reaggregated cells. As above, the cells must be handled gently to enhance cell viability.

4.6) Pipetting cell mixture into the mold. It’s imperative to fully fill the well with no air bubbles, so one must take care in mixing the cell solution to avoid air bubbles.

4.8) Aligning the PDMS/polysulfone frame into wells containing the cell solution. The PDMS posts must not be bent and all components must be properly aligned to position the PDMS posts in the center of each well.

4.12) Removing the baseplate from the PDMS post. This can be challenging since sometimes the tissues pull off the posts in the process. Gently shifting the baseplate back and forth as it is removed, as well as draining the media off the baseplate, enhances tissue retention on the posts. If they do fall off, it may be necessary to reattach them with forceps. 
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. (Please do not list entire sections.)
4.6) The entire procedure depends on proper tissue construction. The cell suspension (in the matrix solution) must be well mixed to ensure even cell distribution across the tissue, but also must be mixed carefully to not introduce air bubbles. Also, during the pipetting of the solution into the well, care must be taken to ensure air bubbles do not form in the well. 
E.  Will the filming need to take place in multiple locations? (Y/N) If yes, how far apart are the locations?
Tissue Culture Room: Atran 3-21

Lab Space: Atran 3-39

~200 feet apart, on the same floor, in the same 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: Statements were edited according to our length restrictions. Please remember to memorize your lines for all interview statements
A. Experimental Goal (read by voice talent at JoVE):
The overall goal of this procedure is to create human engineered cardiac tissues of a defined cellular composition. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Kevin D. Costa: This method can address key challenges in the cardiac tissue-engineering field, including controlling for variability in cardiac differentiation efficiencies and understanding how specific cell types impact cardiac contractile function.
1.2. Kevin D. Costa: The main advantage of this technique is that the end result is human engineered cardiac tissue of a controlled and defined composition.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Rebecca Josowitz: The implications of this technique extend toward therapy for heart disease because defined tissues can provide a novel, biologically relevant and biomimetic screening platform capable of evaluating therapeutic interventions.

1.4. Timothy J. Cashman: Though this method can provide insight into novel cardiac therapeutics, the human engineered cardiac tissues can also be used as a model for understanding mechanisms of cardiac cell therapy.
Protocol (read by voice talent at JoVE):
2. Cell Culture and Sorting of Differentiated Cardiomyocytes
2.1. Beginning with human embryonic stem cell-derived cardiac myocyte cultures (2.1.1-WIDE-TXT), wash the cells 1 time with PBS and add 1 ml of 0.04% Trypsin-EDTA (2.1.2-MED). Incubate the cells for 10 min at 37 oC and 5 % CO2 (2.1.3-WIDE/MED).
2.1.1.  Show talent removing plates from the incubator and carrying them to the cell culture hood, TEXT: 2 6-well plates required to generate 6 defined tissues
2.1.2.  Show talent removing PBS wash and adding trypsin, only show for one plate but have another plate in the shot

2.1.3.  Show talent placing plates in the incubator
2.2. While the cells are incubating, add 12 ul of ROCK inhibitor to 6 ml of trypsin neutralization solution (2.2.1-MED-TXT). Remove the plates from the incubator, and add 1 ml of the neutralization solution to each well of the 6-well plate (2.2.2-MED).

2.2.1.  *Film as written, TEXT: ROCK: Rho-associated coiled coil forming protein serine/threonine kinase
2.2.2.  Just show adding the solution, don’t show removing plates from the incubator
2.3. Transfer all of the cells from each well into a single 15 ml centrifuge tube (2.3.1-MED/CU). Wash all 6 wells with one 3 ml volume of PBS and combine this wash with the cells in the tube (2.3.2-MED). Centrifuge the tube at 300 times g for 5 min at 4 oC to pellet the cells (2.3.3-MED).
2.3.1.  *Film as written

2.3.2.  *Film as written

2.3.3.  *Film as written
2.4. To prepare the cells for live cell sorting by FACS, prepare the staining buffer by adding 5 ml of FBS and 50 μl of ROCK inhibitor to 45 ml of PBS on ice (2.4.1-MED).
2.4.1.  *Film as written

2.5. Remove the supernatant from the pelleted cells (2.5.1-MED/CU) and resuspend them in 1.2 ml of staining buffer (2.5.2-MED). Transfer 200 μl of the suspended cells to a new, pre-chilled, 50 ml centrifuge tube on ice (2.5.3-MED-TXT).

2.5.1.  *Film as written

2.5.2.  *Film as written

2.5.3.  *Film as written, Text: Negative Staining Control
2.6. Next, transfer the remaining 1 ml of the cell suspension to a new, pre-chilled, 50 ml centrifuge tube on ice (2.6.1-MED) and add 2 μl of SIRPα-PE/Cy7 (Pronounced: sirp-alpha P-E-Sigh-7) and 4 μl of CD90-FITC (Pronounced: C-D-ninety fit-C) antibodies (2.6.2-MED). Gently mix the cell suspension with a transfer pipette and place the tube on ice (2.6.3-MED).

2.6.1.  *Film as written

2.6.2.  *Film as written

2.6.3.  *Film as written

Authors: Please indicate or double-check all pronunciation guides as highlighted.
2.7. Incubate the two 50 ml tubes containing the negative control and the sample on a rocker shaker on ice at 4 oC for 1 hour (2.7.1-MED).
2.7.1.  *Film as written
2.8. While the cells are incubating, transfer 3 ml of Differentiation Medium II to each of two 15 ml centrifuge tubes (2.8.1-MED-TXT). Then, add 3 μl of ROCK inhibitor and store these FACS collection tubes on ice prior to use (2.8.2-MED).
2.8.1.  *Film as written, TEXT: See text protocol for medium composition
2.8.2.  *Film as written
2.9. Next, pellet the stained cells at 300 times g for 5 min at 4 oC (2.9.1-MED) and wash them twice with 10 ml of ice-cold PBS (2.9.2-MED).

2.9.1.  *Film as written

2.9.2.  Show resuspending one pellet in PBS
2.10. Gently resuspend the sample pellet with 1 to 3 ml of staining buffer containing DAPI (2.10.1-MED-TXT). Add 500 μl of staining buffer without DAPI to the negative control pellet (2.10.2-MED).
2.10.1.  *Film as written, TEXT: DAPI: 0.2 μg/μl
2.10.2.  Make sure the “Negative Control” label is in the shot

Authors: Please label all tubes in advance of filming.
2.11. Filter both of the cell suspensions through a 40 μm cell strainer to remove cell clumps (2.11.1-CU) and then transfer them to polystyrene FACS tubes on ice (2.11.2-MED). Immediately bring the samples to the cell sorter (2.11.3-WIDE).

2.11.1.  *Film as written

2.11.2.  *Film as written

2.11.3.  *Film as written

2.12. Beginning with the negative staining control sample, establish the gating parameters (2.12.1-SCREEN LM). (2.12.2-MED).

2.12.1.  *To be submitted by Author  Figure 2 (Video Editor: Remove all panel labels. Have each panel appear on the screen sequentially, first A, then B, then C, etc.)
Authors: Please name the file 2.12.1_Costa_SortScreenCapture
2.12.2. Talent adds 4% paraformaldehyde to cells, make sure the labels are in view

2.13. Then, while running the sample cells, select for the DAPI negative [This is Figure 2D, I don’t know if it would be possible to mention this when it appears above.], live cell population (2.13.1-MED-over the shoulder). Collect both the FITC positive and PE/Cy7 (Pronounced P-E-sigh-7) positive cell populations independently [This is 2E, right. Would it be possible to have 2E appear as this is said?] at 20 PSI (2.13.2-CU-TXT).
2.13.1. Talent working with the FACS machine
2.13.2.  Close-up of the FACS collection tubes in the FACS machine, TEXT: FITC+: CD90+ fibroblasts; PE/Cy7+: SIRPα+ cardiomyocytes

3. Collection of Reaggregated Cardiac Cells
3.1. After culturing and reaggregating cells as indicated in the text protocol, remove the cell culture plates from the incubator (3.1.1-WIDE) and transfer the medium to a 50 ml centrifuge tube (3.1.2-MED).
3.1.1.  Show talent removing plates from the incubator and taking them to the cell culture hood

3.1.2.  Talent will only work with one plate, but have other plates in the background of the shot

3.2. Wash the plates with 3 ml of PBS and transfer the wash to the same 50 ml centrifuge tube (3.2.1-MED). Then, add 3 ml of 0.04 % trypsin-EDTA to the plates and incubate at 37 oC and 5 % CO2 (3.2.2-MED). After 5 min, examine the plates for cell detachment using a microscope (3.2.3-MED) (3.2.4-LM-TXT).
3.2.1.  *Film as written

3.2.2.  Only show addition of trypsin here
3.2.3.  Talent adjusting focus on the microscope

3.2.4. *To be provided by the authors, TEXT: Do not incubate with trypsin-EDTA longer than 10 min
Authors: Please name the file 3.2.4_Costa_CellDeatch
3.3. Once all of the cells have detached, add 3 ml of trypsin neutralization solution to the plates, gently mix, and transfer the cells to the original 50 ml centrifuge tube (3.3.1-MED). Wash the plates with 5 ml of PBS and add this wash to the tube as well (3.3.2-MED).
3.3.1.  *Film as written

3.3.2.  *Film as written

3.4. Pellet the cells by centrifugation at 300 times g for 5 min at room temperature (3.4.1-MED). Remove the supernatant and resuspend the pellet in 1 ml of neonatal bovine serum, or NBS, medium (3.4.2-MED-TXT).
3.4.1.  *Film as written

3.4.2.  *Film as written, TEXT: See text protocol for NBS medium composition
3.5. Next, transfer the cells to a 1.5 ml microcentrifuge tube (3.5.1-MED). Pellet the cells at 300 times g for 5 min at room temperature (3.5.2-MED) and remove the supernatant (3.5.3-CU-TEXT).
3.5.1.  *Film as written

3.5.2.  *Film as written

3.5.3.  *Film as written, TEXT: Pellet contains approximately 3 million cells

4. Generation of Human Engineered Cardiac Tissues
4.1. To begin generating the 6 engineered cardiac tissues, dilute 60.0 μl of the 5 mg per ml collagen stock to 3.125 mg per ml with 1.5 μl of 1 M sodium hydroxide, 9.6 μl of 10x PBS, and 24.9 μl of sterile ultrapure water (4.1.1-MED-over the shoulder-TXT).
4.1.1.  *Film as written, TEXT: Store all solutions on ice and cells at RT
4.2. Timothy J. Cashman: Here it is critical to avoid introducing air bubbles during the creation of the collagen mix as these air bubbles are slow to release from the viscous solution and can interfere with tissue formation during tissue compaction (4.2.1-MED).
4.2.1.  Talent speaks toward camera, interview style
4.3. Pipet down the side of the 15 ml tube to add 12.0 μl each of 10X MEM and 0.2 N HEPES at pH 9 to the dilute collagen mixture (4.3.1-CU).
4.3.1.  *Film as written

4.4. Then, add the basement membrane matrix to the collagen mixture to a final concentration of 0.9 mg per ml and mix gently (4.4.1-MED-TXT). Store this final tissue mix on ice (4.4.2-CU-TXT).
4.4.1.  *Film as written, TEXT: See text protocol for basement membrane matrix composition

4.4.2.  *Film as written, TEXT: Final collagen concentration: 2 mg/ml

4.5. Next, transfer the entire tissue mix to the cell pellet and add supplemental cells as indicated in the text protocol (4.5.1-MED). Fill the tube to a final volume of 150 μl with cell-free NBS media and mix gently (4.5.2-MED-TXT).
4.5.1.  Only show the transfer to the cell pellet, do not show adding supplemental cells

4.5.2.  *Film as written, TEXT: 500,000 cells/tissue
4.6. Carefully pipette 25 μl of the cell suspension into each one of the 6 wells in the bioreactor baseplate (4.6.1-CU-TXT). Repeat the mixing procedure between each well to re-suspend any cells that may have settled (4.6.2-CU).

4.6.1. *Film as written, TEXT: Avoid introducing air bubbles
4.6.2. *Film as written.
4.7. Timothy J. Cashman: Pipette only one tissue at a time per well to ensure consistent volume and cell number for each tissue (4.7.1-MED). 
4.7.1. Talent speaks toward camera, interview style

4.8. Separately, push two rows of polydimethylsiloxane, or PDMS, force sensors onto either side of the polysulfone frame to form 6 pairs of opposing posts (4.8.1-MED/CU).
4.8.1.  *Film as written 
4.9. Invert the frame on top of the baseplate so that one pair of posts enters each well containing the cell suspension (4.9.1-CU).

4.9.1.  *Film as written

4.10. Then, place the bioreactor into a 60 mm dish and place that dish, without its cover, inside of a 10 cm dish (4.10.1-MED). Place the lid on the 10 cm dish and move the entire bioreactor assembly into the tissue culture incubator (4.10.2-WIDE/MED).
4.10.1.  *Film as written

4.10.2.  Just show talent carefully moving the assembly to the tissue culture incubator 

4.11. After two hours of incubation, remove the bioreactor assembly and add 14 ml of NBS medium to cover the baseplate (4.11.1-MED). Return the bioreactor to the cell culture incubator (4.11.2-WIDE/MED) and change half of the medium every day (4.11.3-MED).
4.11.1.  Only show medium addition here
4.11.2.  *Film as written

4.11.3.  *Film as written

4.12. After 48 hours, remove the baseplate gently, a few mm at a time (4.12.1-ECU). Then, return the bioreactor, with the tissue facing down, to the medium (4.12.2-MED). Continue changing half of the NBS medium every day (4.12.3-MED). If a tissue falls off of a post when removing the baseplate, gently reattach the tissue onto the post. [4.12.4] 
4.12.1.  *Film as written

4.12.2.  *Film as written

4.12.3.  *Film as written

4.12.4. [Added] shot of reattaching a tissue that fell off when the baseplate was removed. 

5. Results: Contractile Force Measurement Using Human Engineered Cardiac Tissues
5.1. Differentiation of human embryonic stem cells results in a mixed culture of cardiomyocytes and fibroblasts that self-organize into clusters and form robustly beating “webs” throughout the dish (5.1.1-LM).
5.1.1. Video Figure 1.mov: Use the whole video (10 sec long)
5.2. FACS sorting of these cultures revealed that this differentiation method results in a population that is approximately 65% SIRPα positive cells and 10% CD90 positive cells (5.2.1-LM).
5.2.1. Figure2E(R only).tif: Remove panel label (E). Shrink the x and y axes labels to fit the individual panel. Highlight 65 % and SIRPα-PE/Cy7 and then 10 % and CD90-FITC in time with VO
5.3. After removing the baseplate, the human engineered cardiac tissues, or hECTs (Pronounced H – E – C – T (just the letters, then add the “s” to make it plural so it sounds like H – E -  C - Tease)), are allowed to self-assemble within the bioreactor (5.3.1-LM). Mature and compacted hECTs visibly deflect the integrated force sensing posts with an average of 5 to 15 μN of force (5.3.2-LM).

5.3.1.  Figure 4B: Remove panel label (B).

5.3.2.  Figure 4D: Remove panel label (D).
5.4. Twitch force measurements reveal how isolated variables alter the contractile force in these defined engineered tissues (5.4.1-LM). Here, when the tissues are supplemented with 10 % human mesenchymal stem cells (5.4.2-LM), a substantial enhancement of the contractile force is observed at both the 1 Hz and 2 Hz pacing frequencies (5.4.3-LM).
5.4.1.  Figure 4E: Remove panel label (E). 
5.4.2. Figure 4E: Remove panel label (E). When the VO reads “supplemented with 10 % human mesenchymal stem cells”, highlight the dotted line in the figure. 
5.4.3. Figure 4E: Remove panel label (E). When the VO reads “1 Hz and 2 Hz” highlight the black arrow and the associated label bars below the x-axis.
6. Conclusion (said by authors on camera)
6.1. Timothy J. Cashman: Once mastered, the differentiation will take 20 days, the cell sorting approximately 5 hours, and tissue construction takes 3 hours. An additional 7 days are required for functional tissue formation after construction.
6.2. Timothy J. Cashman: While attempting this procedure, it’s important to remember to thoroughly mix the solutions prior to pipetting the tissue mix into each well of the baseplate and to avoid the introduction of air bubbles.

Note to the Authors: This statement is redundant with the interviews in the protocol and was thus removed. If you’d prefer to speak the statement in the conclusion, please use this statement in lieu of the interviews in the protocol.
6.3. Kevin D. Costa: Following this procedure, other methods including cell labeling and supplementation of the tissue mix can be performed in order to answer additional questions regarding the effects of specific cell-cell interactions or to determine the mechanisms of cell therapy.

6.4. Kevin D. Costa: After watching this video, you should have a good understanding of how to create human engineered cardiac tissues with a known and controlled cellular composition.
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.  

2.12.1_Costa_SortScreenCapture
3.2.4_Costa_CellDeatch

5.1 – Costa_VideoFigure1.mov

5.2 – Costa_Figure2E(R only).tif

5.3 – Costa_Figure4B, 4D

5.4 – Costa_Figure 4E

Authors: Please remember to upload these files.
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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