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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include 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? 
2.1.-2.3., 2.6., 2.11, 3.3.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 2.6., 2.12. (ensuring process is described in steps 
2.10./2.11. rehydration of the agarose casting mold is crucial for successful removal of the EHT from the casting mold fully attached to the PDMS rack)
4.2. (placing the EHTs on the PDMS rack on top of the pacing electrode need careful handling) 
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. Experimental Goal (read by voice talent at JoVE):

The overall goal of this technique is to generate three-dimensional engineered heart tissue that can be used as an in vitro contraction analysis platform for drug screening and disease modeling. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Arne Hansen: This method can help answer key questions in the cardiac field about disease modeling, safety pharmacology and the effects of gene variants or drugs on contractile force.
1.2. Arne Hansen: The main advantage of this technique is that contractile force can be measured in engineered heart tissue from different species for extended periods of time under sterile conditions.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Ingra Mannhardt: Scientists new to this method could struggle with cell and fibrinogen quality or lack of aprotinin in the cell culture media. It is important to optimize cell preparation and avoid freeze/thaw cycles of fibrinogen.
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
1.4. Ingra Mannhardt: Demonstrating the procedure will be Anika Benzin and Umber Saleem, PhD students from our group.  
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)

Protocol (read by voice talent at JoVE):
2. Engineered Heart Tissue (EHT) Generation
2.1. Before beginning the procedure, add 1.6 mL of warm 2% agarose into the first 8 wells of a 24 well plate [1-WIDE] and immediately place polytetrafluorethylene spacers into the agarose [2-MED-over the shoulder-TXT].
2.1.1. Few seconds Talent adding agarose into at least one well, with agarose container visible in frame
2.1.2. Talent placing one space into one well (TEXT: Repeat for each set of 8 wells)
2.2. After about 10 minutes at room temperature, the agarose will become opaque, signifying its solidification [1-CU]. 
2.2.1. Shot of opaque agarose in at least one well
2.3. Remove the spacers [1-CU] and place PDMS (always pronounce: P-D-M-S) racks into the castings so that pairs of rack posts reach into each agarose mold [2-CU].
2.3.1. Few seconds at least one spacer being removed
2.3.2. Few seconds at least one rack being placed
2.4. When all of the racks have been placed, resuspend the cardiomyocytes in medium at a minimum concentration of 1.5 x 107 cells/mL and triturate freshly-prepared reconstitution mix with fibrinogen 10-15 times with a serological pipette until the fibrinogen clot is dissolved [1-MED-BROLL-TXT] [2-CU-TXT].
2.4.1. Few seconds Talent resuspending cells in Mix, with Mix container visible in frame (TEXT: See text for all preparation details and species dependent differences) 
2.4.2. Few seconds fibrinogen being triturated, with fibrinogen stock container label visible in frame (TEXT: See text for EHT species reconstitution mix concentration details)
2.5. Check the reconstitution mix in the pipette for homogeneity [1-CU].
2.5.1. Shot of mix in pipette 
2.6. Then, for each engineered heart tissue, or EHT (always pronounce: E-H-T), mix 100 microliters of reconstitution mix with 3 microliters of thrombin in a 200 microliter tube [1-CU] and immediately aliquot 100 microliters of this EHT-thrombin mixture into the agarose-slots [2-CU-TXT].
2.6.1. Few seconds reconstitution mix being added to thrombin in 200 microliter tube, with thrombin and reconstitution container labels visible in frame
2.6.2. Few seconds EHT-mix being added to at least one slot (TEXT: Repeat for each slot)
2.7. Use a new filter tip for each EHT [1-CU].
2.7.1. Few seconds tip being loaded onto pipette (TEXT: Resuspend the reconstitution mix 5-10 times after every eight EHTs).
2.7.2. Few seconds mix being resuspended 
2.8. Once all of the slots have been filled with reconstitution mix, close the lid of the cell culture dish [1-CU] and incubate the preparations for 2 hours at 37 °C and 7% CO2 [2-MED].
2.8.1. Shot of filled slots, then lid being placed onto dish
2.8.2. Talent placing plate into incubator
2.9. At the end of the incubation, place the plate in a sterile hood [1-MED] and cover each well with 200-500 microliters of medium [2-CU].
2.9.1. Talent placing plate into hood
2.9.2. Few seconds medium being added to at least one well, with medium container label visible in frame
2.10. Shake the plate gently [1-CU] and return the EHTs to the incubator [2-MED-TXT].
2.10.1. Few seconds plate being shaken gently
2.10.2. Talent placing plate into incubator (TEXT: Medium eases gel removal)
2.11. After 10 minutes, carefully transfer the racks into a new 24 well plating containing 1.5 mL of EHT medium per well [1-MED-over the shoulder] and place the plate in a cell culture incubator under the appropriate culture conditions [2-CU-TXT], feeding the EHTs every Monday, Wednesday and Friday with freshly-prepared EHT medium [3-MED].
2.11.1.  Talent placing at least one row of racks into new plate, with old plate visible in frame
2.11.2. Plate being placed into incubator (TEXT: human/rat EHTs: 37 °C, 7% CO2, 40% O2; mouse EHTs: 37 °C, 7% CO2, 21% O2)
2.11.3. Few seconds Talent transferring one PDMS rack from one culture dish to a second plate filled with fresh medium.
2.12. Seven to ten days after casting, the EHTs should demonstrate spontaneous contractions deflecting the posts of the PDMS racks [1-LM].
2.12.1. SuppMovie1.avi
3. Contraction Analysis
3.1. To analyze the EHT contractions, on the day of the experiment, turn on the heating device in the EHT analysis instrument two hours before the measurement [1-WIDE].
3.1.1. Talent turning on heating device
3.2. Immediately before the analysis, turn on the gas and electronic supplies of the axis system [1-MED].
3.2.1. Talent turning on gas and or electronic supplies
3.3. For a baseline recording, place the EHT plate into the EHT analysis instrument [1-MED] and start the contraction analysis software according to the manufacturer’s instructions [2-MED-over the shoulder].
3.3.1. Few seconds Talent placing plate into EHT analysis instrument
3.3.2. Few seconds Talent at computer, starting software, with monitor visible in frame
3.4. Using the software manual instructions to start a new run, click the “Protocol” tab to enter the relevant study information [1-SCREEN].

AUTHOR NOTE: “the software steps in chapter 3 are one fluent process, they are combined in one video “3.4.1”. The starting timeslot (mm:ss) is indicated in the respective step
3.4.1. *To be provided by Authors: Few seconds study information being added (video “3.4.1”, starting point 00:00). 
3.5. Open the “Setup” tab and choose the wells for analysis. Due to time constraints, this is demonstrated only for two EHTs in this video.
3.5.1. *To be provided by Authors: Setup tab being clicked and two well chosen for analysis. (video “3.4.1”, starting point 00:38).
3.6. Then click the “Camera view” tab and start the camera live mode with automatic figure detection mode [1-SCREEN].
3.6.1. *To be provided by Authors: Camera view tab being clicked, automatic figure detection mode being selected/camera live mode being started. (video “3.4.1”, starting point 00:51) 
3.7. Adjust the camera position with the xyz coordinates for each selected well in the 24 well dish, taking care that each EHT is in the center of the window and in focus [1-SCREEN-TXT].  
Author note: Information for the JoVE might need to excise or trim 01:06 until 01:20 is because the camera is moving from the reset position to the respective well (seen on the XYZ values changing below).
3.7.1. *To be provided by Authors: Setup tab being clicked, then few seconds camera position being adjusted with EHT in center of window/in focus for at least one well (TEXT: Caution: Foggy plate lid impairs figure recognition/contraction analysis). (video “3.4.1”, starting point 01:06)
3.8. Make sure that the blue crosses are at the top and bottom ends of the EHTs and moving to match the contractions of the EHTs and press the “position ok” button to save the setup positions of each well [1-SCREEN].
3.8.1. *To be provided by Authors: Shot of blue crosses at top and bottom ends of EHTs/EHT being moved to match up with crosses, then ok button being pressed/setup position(s) being saved (video “3.4.1”, starting point 01:32).
3.9. Now click the “Parameters” tab to define the criteria by which the software identifies a contraction peak, marking the peaks with green squares. Save all entered settings by pressing the “use parameters on all wells” button. [1-SCREEN].
3.9.1. *To be provided by Authors: Parameters tab being pressed, parameters checked and applied for analysis of all wells (video “3.4.1”, starting point 02:21). 
3.10. Then click the “Automatic” tab and the “Start” button to record the baseline EHT contractions and to calculate the spontaneous baseline contractility for each EHT. The live contraction analysis will be displayed in the “Real Time” tab. Make sure that the EHTs and moving only vertically to match the contractions of the EHTs [1-LM].
3.10.1. *To be provided by Authors: Start button being clicked, then automatic tab being clicked/baseline being recorded, then Real Time tab being clicked (Video Editor: Please indicate live contraction analysis when mentioned as appropriate). (video “3.4.1”, starting point 03:02).
4. Drug Screening 
4.1. To analyze the effects of a specific drug of interest on the contractions, first transfer a 24 well plate filled with protein-free Tyrode solution under a sterile hood [1-WIDE] and place carbon electrodes into the wells [2-MED].
4.1.1. Few seconds Talent placing plate into hood
4.1.2. Few seconds Talent placing electrodes into at least one well
4.2. Transfer the EHTs in their PDMS racks on top of the electrodes [1-CU] and return the EHTs to the incubator [2-MED-TXT].
4.2.1. Talent placing EHTs/PDMS racks on top of electrodes
4.2.2. Talent placing EHTs into incubator (TEXT: Incubate w/ closed lid)
4.3. After about a half an hour, place the EHTs into the interlock of the EHT analysis instrument [1-MED] and record the spontaneous baseline contractility for 20 seconds/EHT [2-MED].
4.3.1. Few seconds Talent placing EHTs into instrument and closing instrument
4.3.2. Few seconds Talent at computer, recording baseline contractility, with monitor visible in frame 
4.4. Next, connect the carbon electrodes to the pacing cable [1-MED] and begin electrically stimulating the EHTs [2-CU-TXT].
4.4.1. Few seconds Talent connecting electrodes to cable
4.4.2. Few seconds EHTs being stimulated (TEXT: e.g. 2.5 V, 4 ms impulse duration, human: ~1 Hz, rat: ~2 Hz, mouse: ~4 Hz)
4.5. Record the “paced” baseline for 10 seconds/EHT, taking care that all of the EHTs are properly paced. The pacing signal is now marked by blue vertical lines included in the contraction graph prior to every peak [1-SCREEN-TXT].
4.5.1. *To be provided by Authors: Few seconds paced baseline being acquired (TEXT: Stimulation frequency/voltage may vary between cell lines) 
4.6. After the baseline recording, transfer the electrodes and the PDMS racks to a new 24 well plate containing the first drug concentration [1-MED] and immediately return the EHTs to the interlock of the EHT analysis instrument for a 20 minute incubation [2-CU].
4.6.1. Few seconds Talent placing electrodes/PDMS racks into new plate 
4.6.2. Instrument being closed, with EHTs visible in frame as possible 
4.7. Reconnect the pacing cables [1-CU], adjust the figure recognition [2-MED-over the shoulder], and record the EHT contractions in response to the first drug concentration [3-SCREEN-TXT].
4.7.1. Cables being reconnected
4.7.2. Shot of Talent adjusting figure recognition, with monitor visible in frame
4.7.3. *To be provided by Authors: Few seconds EHT contraction recordings being acquired (TEXT: Repeat for each drug concentration)
4.8. After all of the drug concentrations have been tested, save all of the resulting .pdf recordings [1-SCREEN] and check each recording for figure recognition and the correct positioning of the contraction peak squares and artifacts [2-MED].
4.8.1. *To be provided by Authors: Few seconds at least one file being saved (video 4.8.1 showing live analysis of last EHT with pdf popping up 01:29 and being saved)
4.8.2. Few seconds Talent at computer, checking figure recognition/peak positioning/artifacts
4.9. For offline analysis, click “Select run” for the respective run from the “Runs” database and, in the “Parameter” tab, change the parameter for the contraction analysis [1-SCREEN].
4.9.1. *To be provided by Authors: Run being selected, then parameter tab being selected and contraction analysis parameter being changed 
4.10. Then, in the “Offline” tab, choose “Offline analysis” to reanalyze the videos [1-SCREEN].
4.10.1. *To be provided by Authors: Offline analysis being chosen and new pdf pops open (video 4.9.1 starting time 00:45)
4.11. To adjust the figure recognition and to record a new video file, adjust the figure recognition in the “Real time” tab and select “Sample review” [1-SCREEN].
4.11.1. *To be provided by Authors: Example video shows wrong figure recognition and therefore false contraction peaks. Real time tab being opened, then few seconds figure recognition being adjusted (starting time 00:55), then Sample review being selected and new contraction peaks displayed in the Real time tab.  
5. Results: Representative EHT Contraction Analysis

5.1. The analysis of each EHT is based on figure recognition at the top [1-LM] and bottom ends of the tissue [2-LM].

5.1.1. Figure3B.tif: please outline/indicate top square (outside of biggest square is fine)
5.1.2. Figure3B.tif: please outline/indicate top square (outside of biggest square is fine)

5.2. The filmed EHT contractions [1-LM] are then analyzed automatically by the EHT analysis instrument software algorithm [2-LM] and the peaks are determined according to the relevant predefined criteria [3-LM].

5.2.1. SuppFigure2top.tif: no animation OR please indicate one red peak
5.2.2. Figure3C.tif: trace/indicate dotted blue lines from peak in left graph to analysis in blue box on right of image
5.2.3. Figure3E.tif: please add/indicate Force and Time axis labels OR no animation

5.3. The long-term measurement of EHT contraction analysis demonstrates that there are no apparent time-dependent changes in the contraction force [1-LM], beating frequency [2-LM], T1 contraction [3-LM] or T2 relaxation times for up to 20 hours [4-LM], indicating a high level of stability for the constructs [5-LM].

5.3.1. Figure4.tif: please add/indicate top blue graph
5.3.2. Figure4.tif: please add/indicate second green graph
5.3.3. Figure4.tif: please add/indicate third orange graph
5.3.4. Figure4.tif: please add/indicate bottom pink graph
5.3.5. Figure4.tif: no animation

5.4. Indeed, the results for each single EHT are reproducible with a low variability [1-LM].

5.4.1.  SuppFigure2top.tif: please trace/indicate a few peaks to demonstrate their low variability OR no animation

5.5. Exposure to a hERG (Pronounce: “herg” rhymes with “nerd”) channel blocker, however, results in the significant prolongation of the T2 relaxation time beginning at the 10 nanomolar concentration [1-LM-TXT] and an irregular beating pattern at higher concentrations [2-LM].

5.5.1. Figure5D-T2.tif: please add/indicate asterisks (TEXT: hERG = Human ether-a-go-go-related gene)
5.5.2. Figure5AB.tif: please highlight/indicate right graph/peaks in right graph

6. Conclusion (said by authors on camera)
6.1. Ingra Mannhardt: Once mastered, twenty-four EHTs can be generated in 30 minutes if their preparation is performed properly.
6.2. Arne Hansen: After its development, this technique paved the way for researchers in the field of disease modeling to explore the functional effects of gene variants in vitro.
6.3. Ingra Mannhardt: The versatility of this model allows it to be combined with human induced pluripotent stem cells and CRISPR/Cas9 genome editing technology.
6.4. Arne Hansen: Following this procedure, other methods, like histology or RNA and protein isolation, can be used to answer additional questions about gene transcription and expression.
6.5. Ingra Mannhardt: After watching this video, you should have a good understanding of how to cast and analyze EHTs. Please don’t hesitate to contact us directly if you have any questions about the 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.  

2.10  SuppMovie1.avi – grey scale video of spontaneous EHT contractions with 1 mm scale bar
3.4.1 SuppMovie3.4.mp4 – screen capture video illustrating software start
3.5.1 SuppMovie3.4.mp4 starting time 00:38 – screen capture video illustrating setup
3.6.1 SuppMovie3.4.mp4 starting time 00:51– screen capture video illustrating camera setup
3.7.1 SuppMovie3.4.mp4 starting time 01:06 – screen capture video illustrating camera positioning
3.8.1 SuppMovie3.4.mp4 starting time 01:32 – screen capture video illustrating figure recognition
3.9.1 SuppMovie3.4.mp4 starting time 02:21 – screen capture video illustrating analysis parameters
3.10.1 SuppMovie3.4.mp4 starting time 03:02 – screen capture video illustrating analysis start
4.5.1 SuppMovie4.5.1.mp4 – screen capture video illustrating contractions of paced EHT
4.7.3 SuppMovie4.7.3.mp4 – screen capture video illustrating analysis of EHT contractions with drug exposure
4.8.1 SuppMovie4.8.mp4 – screen capture video illustrating pdf being saved
4.9.1 SuppMovie4.9-10.mp4 – screen capture video illustrating EHT in the need of offline analysis
4.10.1 SuppMovie4.9-10.mp4 – screen capture video illustrating actual offline analysis
4.11.1 SuppMovie4.11.mp4 – screen capture video illustrating sample review
5.1 Figure3B.tif – dual color imaging of EHT figure recognition with 1 mm scale bar
5.2.1 SuppFigure2top.tif – graph of contraction peak recording over time
5.2.2 Figure3C.tif – scheme of contraction peak analysis
5.2.3 Figure3E.tif – original contraction traces indicating good and peak analysis (green crosses) for software parameter adjustment
5.3 Figure4.tif – graph of longterm stability of contraction parameters
5.4 Figure2.tif - graph of contraction peak recording over time and results
5.5 Figure5D_T2.tif – graph of T2 prolongation by hERG channel blocker E4031
5.5 Figure5AB.tif – graph of original contraction traces at baseline and under 300 nM E-4031


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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