Submission ID #: 53750
Editor Name: Bridget Colvin
Videographer name:

Film Date: 

Authors and Affiliations: Michael A. Trembley1,3, Lissette S. Velasquez1 and Eric M. Small1,2,3, 1Aab Cardiovascular Research Institute and Departments of 2Medicine and 3Pharmacology and Physiology, University of Rochester School of Medicine and Dentistry, Rochester, NY

Title: Epicardial outgrowth culture assay and ex vivo assessment of epicardial-derived cell migration 

Corresponding Author: Eric_Small@URMC.rochester.edu
Co-authors: Michael_Trembley@URMC.rochester.edu, Lissette_Velasquez@URMC.rochester.edu 

A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 2.2.-2.5., 2.8., 3.5.-3.7. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.4., 2.6., 3.3., 3.4.

E.  Will the filming need to take place in multiple locations? Y, same floor different rooms
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 goals of the outgrowth culture method and the ex vivo migration assay are to isolate primary cultures of epicardial cells for studying epithelial-to-mesenchymal transitions and to assess the functional migration of epicardial-derived cells, respectively. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Eric Small: These methods can help answer key questions in the developmental biology field and in the study of cardiac repair, such how are epicardial cell mobilization and differentiation regulated? 

1.2. Eric Small: The main advantage of these techniques is that they facilitate the isolation of primary cultures from the epicardium and the testing of the intrinsic behavior of epicardial-derived progenitor cells.   

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

1.3. Michael Trembley: The implications of this technique extend toward the development of strategies for modulating epicardial-derived cell biology in cardiac regenerative medicine. 

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)
1.4. Procedures involving animal subjects have been approved by the University Committee of Animal Resources at the University of Rochester.
Protocol (read by voice talent at JoVE):

2. Epicardial outgrowth culture and genetic ablation
2.1. To isolate primary epicardial cells, use forceps to pinch the thoracic wall of an 11.5 days post coitum embryo [2.1.1.-WIDE-TXT] and tear the tissue apart at the midline, exposing the chest cavity [2.1.2.-SCOPE-TXT].
2.1.1. Few seconds Talent at microscope, pinching thoracic wall (TEXT: Euthanasia: Anesthesia + cervical dislocation) (Videographer: More Talent than mouse in shot)
2.1.2. Few seconds tissue being torn at midline (TEXT: For embryo harvest details, see Shea and Geijsen, 2013) 
2.2. Next, place the forceps behind the heart [2.2.1.-SCREEN] and grasp the outflow tract [2.2.2.-SCREEN].

2.2.1. *To be provided by Authors

2.2.2. *To be provided by Authors

2.3. Pull the heart away from the embryo [2.3.1.-SCREEN-TXT] and place the the cardiac tissue dorsal side down in a single well of a collagen-coated slide [2.3.1.-CU/SCREEN-TXT].

2.3.1. *To be provided by Authors (TEXT: Separate pulmonary tract/lungs heart as necessary)

2.3.2. Heart being placed dorsal side down OR *To be provided by Authors (TEXT: See text for all media/reagent/instrument preparation details)

2.4. When all of the hearts have been placed in individual wells [2.4.1.-MED], incubate the chamber slide for 30 minutes at 37°C and 5% CO2 to allow the tissue to adhere to the collagen matrix [2.4.2.-MED].
2.4.1. Few seconds Talent placing last heart into last well

2.4.2. Talent placing slide into incubator
2.5. At the end of the incubation, carefully add 20-50 microliters of pre-warmed explant medium A around each heart [2.5.1.-CU] and return the slide to the cell culture incubator for approximately 24 hours to facilitate the epicardial outgrowth [2.5.2.-CU].
2.5.1. Few seconds medium being added to at least one heart 

2.5.2.  Slide being placed into incubator 

2.6. Michael Trembly “It is important to gently pipette the appropriate volume of medium over the explanted hearts, as too much medium may result in tissue detachment and too little medium may result in dehydration, diminishing the quality of the outgrowths.” [2.6.1.-MED-interview style]
2.6.1. Michael Trembly, speaking the above interview style (looking just off-camera)
2.7. Outgrowths can be observed as early as 3-4 hours of culture [2.7.1.-LM] and by 24 hours consist primarily of mesothelial cells that display a cobblestoned morphology with a minimal mesenchymal cell contamination [2.7.2.-LM].

2.7.1. Authors: please provide Figure 1B as its own .ai, .tif or .psd file without the “B” label: no animation
2.7.2. Authors: please provide Figures 1D and 1E together in one .ai, .tif or .psd file without the “D” label and “E” labels: no animation
2.8. The next day, use forceps to carefully transfer the epicardium-depleted hearts into 1.5 ml tubes containing 800 microliters of Trizol [2.8.1.-CU] and store the samples at -80°C for later downstream analysis [2.8.2.-MED-TXT].

2.8.1. At least one heart being placed in at least one tube, with Trizol container label visible in frame if possible

2.8.2. Talent placing tube(s) into -80°C storage (TEXT: e.g. RNA isolation/gene expression assays)
2.9. Then wash each well with DPBS to remove the blood cells and excess cellular debris [2.9.1.-CU] and incubate the outgrowth cultures with 500 microliters of explant medium B supplemented with adenovirus for 24 hours in the cell culture incubator [2.9.2.-MED-TXT].
2.9.1. Few seconds at least one well being washed with DPBS, with DPBS container label visible in frame

2.9.2. Few seconds Talent adding medium to at least one well, with adenovirus+ and adenovirus- medium containers visible in frame if possible (TEXT: Control: Medium w/o Ad)

2.10. Michael Trembly “The explant culture time should be optimized to maximize the epicardial cell outgrowth [2.10.1.-LM] and to minimize the mesenchymal cell contamination [2.10.2.-LM]. In our hands, the hearts are generally best removed 24 hours after the explants have been placed on the chamber slides.” [2.10.3.-MED-interview style]
2.10.1. Figure 2C: please indicate asterisk (Videographer: Please film entire 2.10. step interview style/ignore 2.10.1. instructions) (Video Editor: Please show Figure 2C as indicated during this step with Talent’s voiceover)

2.10.2. Figure 2C: please indicate arrowheads (Videographer: Please film entire 2.10. step interview style/ignore 2.10.2. instructions) (Video Editor: Please show Figure 2C as indicated during this step with Talent’s voiceover)

2.10.3. Michael Trembly, speaking the above interview style (looking just off-camera) (Video Editor: please start Talent narration with “In our hands…”)
3. Epicardial labeling and ex vivo migration culture 
3.1. For epicardial labeling to track subsequent cell migration, isolate the embryonic hearts from day 12.5 post coitum pregnant dams as just demonstrated [3.1.1.-WIDE] and place them into individual wells of a 24 well plate containing pre-warmed ex vivo culture medium [3.1.2.-MED-over the shoulder].
3.1.1. Few seconds Talent at microscope, isolating one heart  
3.1.2. Talent adding at least one heart to at least one well

3.2. Incubate the hearts at 37°C and 5% CO2 with gentle rocking [3.2.1.-CU].

3.2.1. Few seconds plate on rocker

3.3. While the hearts are incubating, resuspend 3.0 x 106 pfu/ml of adenovirus-GFP in 12 ml of 37°C ex vivo culture medium [3.3.1.-MED].

3.3.1. Few seconds Talent adding adenovirus to medium, with Ad/GFP container label visible in frame 

3.4. Next, transfer 6 ml of the virus-supplemented culture medium into a new 15 ml tube [3.4.1.-MED] and add adenovirus-Cre (Pronounce: “cree”) to a final concentration of 1.5x106 pfu/ml [3.4.2.-MED].
3.4.1. Talent adding medium to 15 ml tube, with Ad/GFP container label visible in possible
3.4.2. Talent adding Ad/Cre to tube, with Ad/Cre container label visible if possible (TEXT: Control: Control Ad instead of Ad/Cre).
3.5. Using a P1000 pipette, carefully remove the culture medium from each heart [3.5.1.-CU] and add the adenovirus-GFP-adenovirus-Cre solution to each well [3.5.2.-LM].

3.5.1. Few seconds medium being removed from at least one well

3.5.2. Ad/GFP/Ad/Cre being added to at least one well, with Ad/GFP/Ad/Cre container label visible in frame

3.6.  Then return the plate to the cell culture incubator for 24 hours with gentle rocking [3.6.1.-LM].

3.6.1. Authors: please provide Figure 2B as its own .ai, .tif or .psd file without the “B” label:

3.7. For the epithelial to mesenchymal induction, the next day, use a P1000 pipette to remove the medium from each well [3.7.1.-MED].

3.7.1. Few seconds Talent removing medium from at least one well

3.8. Carefully rinse the hearts with 1 ml of DPBS [3.8.1.-CU].

3.8.1. Few seconds at least one heart being washed, with DPBS container label visible in frame if possible

3.9. Then discard the wash [3.9.1.-MED] and replenish the hearts with freshly prepared ex vivo culture medium containing TGF-beta one and platelet-derived growth factor-BB [3.9.2.-MED-TXT] (added by HBJ) and incubate for 24 hours in the cell culture incubator with gentle rocking [3.9.3.-MED].

3.9.1. Talent discarding wash

3.9.2. Talent adding medium to at least one well, with TGFbeta/PDGFBB container label visible in frame if possible (TEXT: Control: Vehicle instead of growth factors)

3.9.3. Talent placing plate onto rocker

4. Results: Representative epicardial outgrowth purity and ex vivo motility assessment 
4.1. Epicardial cell explants display a robust expression of epicardial and mesothelial markers [4.1.1.-LM] and a low expression of cardiomyocyte genes [4.1.2.-LM] compared to epicardium-depleted hearts [4.1.3.-LM].
4.1.1. Authors: please provide Figure 2A as its own .ai, .tif or .psd file without the “A” label: please add/indicate Aldh1a2, Tcf21, and Wt1 red data bars
4.1.2. Figure 2A: please add/indicate Nkx2-5 and Myh7 red data bars
4.1.3. Figure 2A: please add/indicate all black data bars
4.2. To further verify their identity, epicardial cell cultures are fixed 48 hours after removal of the heart and co-stained with antibodies against Wilm’s tumor 1 [4.2.1.-LM] and ZO1 (Pronounce: Zoh-one) [4.2.2.-LM-TXT] to label the mesothelial cells [4.2.3.-LM] and intercellular tight junctions, respectively [4.2.4.-LM].
4.2.1. Authors: please provide Figure 2B as its own .ai, .tif or .psd file without the “B” label: please indicate the add/indicate WT1 text
4.2.2. Figure 2B: please add/indicate ZO1 text (TEXT: ZO1 = zona occludens protein 1)
4.2.3. Figure 2B: please indicate/outline at least one red/purple cell in right image and/or red cell(s) in left image
4.2.4. Figure 2B: please indicate/trace at least one green cell border in right image
4.3. After 24 hours of stimulation, the epicardial cells adopt a mesenchymal phenotype with a reduced ZO1 staining [4.3.1.-LM] and a robust de novo formation of smooth muscle alpha-actin positive stress fibers [4.3.2.-LM], particularly at the periphery of the culture [4.3.2.-LM].
4.3.1. Authors: please provide Figure 2D as its own .ai, .tif or .psd file without the “D” label: please indicate/trace some green staining in TGF-beta one image(s)
4.3.2. Figure 2D: please indicate/trace some red staining in at least one TGF-beta one image(s)
4.3.3. Figure 2D: please highlight/indicate periphery TGF-beta one image
4.4. In contrast, confluent epicardial cells with more defined intercellular contacts at the center of a monolayer display smooth muscle alpha-actin positive stress fiber protein expression in the cortical actin [4.5.1.-LM].
4.4.1. Figure 2D: please highlight/indicate center TGF-beta one image

4.5. Deletion of the myocardin-related transcription factor signaling axis genes by Cre-mediated excision of floxed alleles [4.5.1.-LM] attenuates the migration of the epicardial-derived cells into the subepicardial space [4.5.2.-LM].  
4.5.1. Authors: please provide Figures 3C and 3D together in one .ai, .tif or .psd file without the “C” and “D” labels: please outline/indicate MRTFdKO image and add/indicate white arrow
4.5.2. Figure 3CD: please add/indicate red data bar and/or add/indicate red data bar asterisks
4.6. Conversely, the forced expression of myocardin-related transcription factor-A results in an increased migration [4.6.1.-LM] and disruption of the collagen five basement membrane by the epicardial-derived cells [4.6.2.-LM]. 
4.6.1. Figure 3CD: please add/indicate blue data bar and/or add/indicate red blue bar asterisks
4.6.2. Figure 3CD: please outline/indicate Ad/MRTF-A image and add/indicate white arrows
5. Conclusion (said by authors on camera)
5.1. Michael Trembley: Once mastered, each technique can be completed in 48-72 hours if it is performed properly.

5.2. Michael Trembley: While attempting this procedure, it’s important to isolate the embryos at the appropriate developmental stages to optimize the cell outgrowths from the tissue explants and to label the epicardium prior to the epicardial-derived cell migration.

5.3. Michael Trembley: Following this procedure, other methods, like genetic manipulation or chemical modification, can be performed to answer additional questions about identifying the novel regulators of epicardial-derived cell mobilization and differentiation.

5.4. Michael Trembley: After its development, these techniques paved the way for researchers in the field of developmental biology to explore the plasticity and cellular behavior of epicardial cells for their manipulation in cardiac regenerative medicine. 
5.5. Michael Trembley: After watching this video, you should have a good understanding of how to isolate primary mouse epicardial cells and to assess the functional migration of epicardial-derived cells in an ex vivo model. 

5.6. Michael Trembley: Don't forget that working with adenoviruses can be extremely hazardous and that precautions, such as wearing the appropriate personal protective equipment, should always be taken while performing this 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.  

2.4.1 – Small_Figure1B.tif – light microscopy of embryonic heart at 11.5 days post coitum

2.7.1 – Small_Figure1B.tif

2.7.2 – Small_Figure1DE.tif

4.1.1 – Small_Figure2A.tif – representative gene expression profile for purity of epicardial cell explant

4.2.1 – Small_Figure2B.tif – confocal microscopy imaging of epicardial cell explant at 80X

4.3.1 – Small_Figure2D.tif –confocal microscopy imaging of stimulated epicardial cell explant at 80X

4.5.1 – Small_Figure3B.tif – confocal microscopy imaging of ex vivo heart section at 10X

4.6.1 – Small_Figure3CD.tif – confocal microscopy imaging of epicardial-derived cell migration at 80X and representative quantification

4.6.2.1 – Small_Figure3CD.tif confocal microscopy imaging of epicardial-derived cell migration at 80X and representative quantification
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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