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A.  Will you require JoVE to record video microscopy through a microscope? Yes: Lieca MZ FLIII, which has a Leica camera attached (Leica DFC490) via an adapter (Leica 10446307 0.8x
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
C.  Which steps of your protocol will viewers benefit most from having filmed? 3.1, 4.2-4.4, 5.1, 5.3   3.4-5, section 5
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  4.2

E. Will the filming need to take place in multiple locations? Y: same building, different floor
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to culture mouse cardiac valves using the Miniature Tissue Culture System, or MTCS (Pronounce: M-T-C-S). (Intro) This is accomplished by first assembling the MTCS without the perfusion chamber and circulating the medium to precondition the system. (P1) In the second step, the mouse heart is harvested, (P2) and prepared for cannulation. (P3) Next, the heart is placed in the perfusion chamber (P4) where it is cannulated for culture of the mitral (P5) or aortic valve. (P6) The perfusion chamber is then placed in the MTCS and the pump is started. (P7). Ultimately, histological analysis is used to assess the viability, morphology and extracellular matrix distribution of the valve. (P8)
From 52750_Kruithof intro plus text.pptx

(P1) from slide 2, show stand, bubble trap, tube and pump, then have tubing appear and attach to pump pieces as in schematic
(P2) from slide 3, show mouse, then have heart move from chest into petri dish
(P3) from slide 4, zoom into heart in dish and have scissors appear to “trim” around heart and to cut off apex
(P4) from slide 5, move heart from dish into darker pink circle in center of perfusion chamber
(P5) from slide 6, zoom into heart in perfusion chamber, then have cannulas appear and enter mitral valve and bottom of heart as in slide
(P6) from slide 7, have mitral valve cannula disappear, then have aortic valve cannula appear and enter heart as in slide
(P7) from slide 8, have MTCS appear, then move perfusion chamber into stand as in schematic and “start” pump/move pink medium through system/animate black and white arrows
(P8) Kruithof Figure 2 revised.pptx: with viability, please highlight bottom row of images; with morphology please highlight top row of images; with extracellular matrix distribution please highlight middle row of images
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. _________: The main advantage of this technique over existing methods, like in vitro culture of valvular cells and other ex vivo systems, is that with our technique, the natural configuration and composition of the leaflet are maintained, permitting the most natural response of the valvular cells to stimuli.
The statement is not made as the institution does not allow the author to appear or speak in the video
Protocol (read by voice talent at JoVE): Videographer: Please do not get any Talent faces in any WIDE/MED shots
2. Miniature Tissue Culture System (MTCS) assembly
2.1. Begin by using pieces of silicon tubing to make connections between the reservoir and the pump [2.1.1.-WIDE], the pump and the bubble trap [2.1.2.-MED], and the bubble trap and the reservoir [2.1.3.-MED].

2.1.1. Shot of MTCS assembled without perfusion chamber, then Talent attaching at least one piece of tubing to reservoir and/or pump

2.1.2. Videographer: Please get tubing being attached to at least one piece of equipment with both in frame if possible

2.1.3. Videographer: Please get tubing being attached to at least one piece of equipment with both in frame if possible
2.2. When all of the tubing is connected, fill the reservoir with 70% ethanol [2.2.1.-MED], turn the pump on at a 1 ml/min flow speed [2.2.2.-CU] and let the ethanol circulate to sterilize the tubing [2.2.3.-CU].

2.2.1. Few seconds Talent filling reservoir with ethanol, with ethanol container label visible in frame if possible

2.2.2. Shot of pump at 1 ml/min or being set to 1 ml/min

2.2.3. Few seconds ethanol circulating

2.3. After 30 minutes, empty the reservoir [2.3.1.-MED] and pump the ethanol out of the system [2.3.2.-CU].

2.3.1. *Film as written

2.3.2. Few seconds ethanol being pumped out of system

2.4. Next fill the reservoir with sterile distilled water [2.4.1.-CU] and pump the water through the system to remove the residual alcohol [2.4.2.-CU].

2.4.1. Water being added to reservoir, with water container label visible in frame if possible

2.4.2. Few seconds water being pumped/ethanol being removed

2.5. Then pump the water out again [2.5.1.-MED] and fill the reservoir with 45 ml of freshly prepared medium [2.5.2.-MED-TXT].

2.5.1. Talent turning on pump/water exiting system: 3 takes 
2.5.1 Take 1 = 2.5.1 take 1!!!!!

2.5.2 Take 1 = 2.5.1 take 2!!!!!

2.5.1 Take 3 = 2.5.1 take 3!!!!!
2.5.2. Talent adding medium to reservoir, with medium container label visible in frame if possible (TEXT: See text for all media/reagent preparation details)



2.5.2 Take 2=2.5.2 take 1
2.6. Circulate the medium to fill all of the tubing [2.6.1.-CU-TXT], and allow the medium to adapt to the gas composition in the incubator for at least one hour under standard tissue-culture conditions [2.6.2.-MED].
2.6.1. Few seconds medium circulating (TEXT: Remove air bubbles)

2.6.2. Talent shutting incubator door or similar/Talent leaving frame with MTCS running
2.6.2 take 1:Talent positions the MTCS in the incubator

2.6.2 take 2:Talent shuts the incubator door.

2.6.3: Talent turns on pump
3. Mouse heart isolation

3.1. To isolate the mouse heart, first inject the animal with 500 units of Heparin ip [3.1.1.-WIDE]. After 10 minutes, place the mouse on a dissection board [3.1.3.-MED], and confirm the appropriate level of anesthesia by toe pinch [3.1.2.-ECU].
3.1.1. *Film as written

3.1.2. Shot of toe pinch (TEXT: Anesthesia: 4% isoflurane)
3.1.3. Talent placing mouse onto board (Videographer: More Talent than mouse in shot)

Move step 3.1.3 (mouse onto board) above step 3.1.2 (toe pinch)
3.2. Sterilize the fur with 70% ethanol [3.2.1.-CU]. Then use a pair of scissors to open the abdominal cavity, exposing the vena cava and diaphragm [3.2.2.-CU].
3.2.1. Few seconds fur being wiped

3.2.2. Few seconds incision being made
3.3. To visualize the heart, make lateral incisions starting from the bottom and ending at the top of the ribs [3.3.1.-CU]. Then reflect the thoracic cage over the animal’s head [3.3.2.-CU-TXT] and observe the heart beating [3.3.3.-CU].

3.3.1A: Added shot: as written above [3.3.1-CCU] and [3.3.2-CU-TXT]
3.3.1. Shot of vena cava and diaphragm, then few seconds at least one lateral incision being made Move step 3.3.1 (vena cava) above 3.4.1.
3.3.2. *Film as written (TEXT: Stop anesthesia) comment: part of 3.3.1A now
3.3.3. Few seconds beating heart
3.4. Next, insert a 21G needle attached to a 5 ml syringe containing sterile Tyrode’s Buffer [3.4.1.-MED] through the diaphragm into the inferior vena cava from the abdominal into the thoracic cavity [3.4.2.-CU].
3.4.1.  *Film as written

3.4.2. [combined with 3.4.1] *Film as written
3.5. Make sure that the blood can exit from the vena cava caudal from the needle insertion [3.5.1.-CU], and then perfuse the buffer gently and with constant pressure into the vena cava until the heart partly loses its red color [3.5.2.-CU].
3.5.1. Shot of blood exciting vena cava

3.5.2. [combined with 3.5.1] Last few seconds of perfusion until heart partly loses red color 

3.6. Now switch out the syringe of buffer for 5 ml of sterile potassium chloride solution [3.6.2.-CU] and gently perfuse the solution into the vena cava until the heart stops beating [3.6.3.-CU].
3.6.1. Needle being removed, then new needle being placed (Video Editor: As much action as appropriate for narrative)
3.6.2. Last few seconds of perfusion until heart stops beating
3.7. Using curved forceps and scissors, slightly lift and dissect the heart from the surrounding tissue [3.7.1.-CU] [3.7.2.-ECU].
3.7.1. Few seconds heart being lifted/dissected

3.7.2. Shot of intact proximal arteries and veins 
3.8. Then keep the organ in a 10 ml tube containing ice-cold PBS supplemented with antibiotics and antimycotics for up to 3 hours [3.8.1.-CU].
3.8.1. *Film as written
4. Mouse heart cannulation in the perfusion chamber
4.1. To cannulate the heart, transfer it into a 10 cm Petri dish within a laminar flow hood [4.1.1.-WIDE] and add fresh PBS supplemented with antibiotics and antimycotics [4.1.2.-MED].
4.1.1. *Film as written

4.1.2. *Film as written 

4.2. Using a dissecting microscope, micro scissors and forceps, remove all of the non-cardiac tissue [4.2.1.-MED], preserving the ascending aorta to at least the bifurcation with the brachiocephalic artery and the pulmonary veins 2 mm proximal to the heart [4.2.2.-SCOPE].
4.2.1. Few seconds Talent at microscope, removing tissue 
4.2.2. Shot of trimmed heart/last few seconds of heart being trimmed

4.3. Then cut 2 mm off of the tip of the apex to create access to the left ventricular lumen [4.3.1.-SCOPE] and place the perfusion chamber in the hood under the dissecting microscope [4.3.2.-MED].
4.3.1. *Film as written

4.3.2. *Film as written 

4.4. Using pieces of silicone tubing, next attach 5 ml syringes filled with medium to the number 1 needles for culture of the mitral valve and number 2 needles for culture of the aortic valve [4.4.1.-MED-TXT] and fill the perfusion chamber with 20 ml of medium [4.4.2.-MED].

4.4.1. Few seconds Talent attaching tubing to at least one needle, with other needle visible in frame if possible (TEXT: nr.1 needle: mitral valve culture; nr.2 needle: aortic valve culture)

4.4.2. *Films as written

4.5. Then put the heart on the rotation stage in the perfusion chamber between the 2 blunted needles [4.5.1.-SCOPE] and adjust the height of the stage so that the heart is positioned in front of the needles [4.5.2.-SCOPE].
4.5.1. Few seconds heart being placed

4.5.2. Few seconds stage being adjusted 
5. Mitral and aortic valve ligation and culture

5.1. To culture the mitral valve [5.1.1.-WIDE], ligate the aorta and the left atrial appendage with a silk 7.0 suture [5.1.2.-SCOPE]. 
5.1.1. Few seconds Talent at microscope, working on valve

5.1.2. Few seconds suture being placed Note: please use only one knot for the left atrial appendage
5.2. Then insert the needle number 1 through the pulmonary vein into the left atrium [5.2.1.-SCOPE] and place a suture proximal to its entry in the left atrium, taking care that the needle does not enter too far into the left atrium [5.2.2.-SCOPE].

5.2.1. *Film as written

5.2.2. Few seconds suture being placed

5.3. Insert the needle number 2 into the left ventricle [5.3.1.-SCOPE]. Then transfer the medium from the perfusion chamber into a 50 ml tube [5.3.2.-MED] and use biocompatible glue to seal the needle to the myocardium [5.3.3.-SCOPE].
5.3.1. *Film as written

5.3.2. *Film as written

5.3.3. *Film as written 
5.4. When the glue is dry, use the needle number 1 syringe to carefully inject the medium into the heart [5.4.1.-SCOPE]. Check for leakage, confirming that the medium exits from the needle number 2 [5.4.2.-SCOPE] and that the remaining blood is perfused out of the tissue [5.4.3.-SCOPE].
5.4.1. *Film as written

5.4.2. Few seconds medium exiting needle

5.4.3 
[combined with 5.4.1] Few seconds blood perfusing out of tissue. 
5.5. To culture the aortic valve, insert the needle number 1 into the aorta [5.5.1.-SCOPE] and ligate it with a suture as just demonstrated, taking care not to place the needle too far into the aorta [5.5.2.-SCOPE]. 
5.5.1. *Film as written

5.5.2. Few seconds suture being placed
5.6. Then insert the needle number 2 into the left ventricle [5.6.1.-SCOPE], seal the needle [5.6.2.-SCOPE], and inject the medium as just demonstrated [5.6.3.-SCOPE].

5.6.1. *Film as written

Insert step 5.3.2 also here!!
5.6.2. Glue being applied/needle being sealed

5.6.3. Few seconds medium being injected

5.7. If there is no leakage, fill the perfusion chamber with 20 ml of the transferred medium [5.7.1.-MED], place the gasket and the lid on the chamber [5.7.2.-MED], and tighten both with a washer and screws [5.7.3.-CU].
5.7.1. [5.7.1 to 5.7.3 combined] *Film as written

5.7.2. *Film as written

5.7.3. Few seconds lid and/or gasket being tightened

5.8. Finally, place the perfusion chamber into the stand [5.8.1.-CU] and start the pump with a flow speed of around 600 ml/min [5.8.2.-CU-TXT].

5.8.1. Few seconds perfusion chamber being placed in position

5.8.2. Pump being started/pump being set to 600 ml/min (TEXT: Incubate MTCS under normal culture conditions)
6. Results: Histological analysis of cultured valves from 2 month old mice

6.1. The aortic and mitral valves can be cultured for at least 3 days, with no cell death observed during the culture, as determined by the absence of TUNEL-positive cells [6.1.1.-LM]. 

6.1.1. 6 2 - 52750_Kruithof_Figure2- Cell death staining of cultured aortic valve.pptx: please highlight middle and right images

6.2. Further, the collagen distribution, as visualized by Masson’s Trichrome staining, is similar to that observed for the native condition [6.2.1.-LM] when cultured in 1% serum [6.2.2.-LM].
6.2.1. 6 2 - 52750_Kruithof_Figure2- collagen distribution of cultured aortic valve 1.pptx: please highlight left image

6.2.2. 6 2 - 52750_Kruithof_Figure2- collagen distribution of cultured aortic valve 1.pptx: please highlight right image
6.3. The valves are responsive to changing culture conditions. For example, as seen here, increasing the amount of serum to 10% results in thicker leaflets [6.3.1.-LM].
6.3.1. 6 2 - 52750_Kruithof_Figure2- collagen distribution of cultured aortic valve 2.pptx: add Cultured; 10% serum image (if possible without arrow)
6.4. Furthermore, a clear collagen-free region is observed at the ventricular side of the leaflet near the attachment to the aortic wall [6.4.1.-LM]. 
6.4.1. 6 2 - 52750_Kruithof_Figure2- collagen distribution of cultured aortic valve 2.pptx: add/highlight arrow in 10% serum image

6.5. Together these observations demonstrate that the cultured valves remain viable [6.5.1.-LM], resemble their native counterparts [6.5.2.-LM], and are responsive to environmental changes [6.5.3.-LM]. 

6.5.1. Kruithof Figure 2 revised.pptx: please outline/highlight middle and right of images of bottom row

6.5.2. Kruithof Figure 2 revised.pptx: please outline/highlight middle and right of images of top row

6.5.3. Kruithof Figure 2 revised.pptx: please outline/highlight middle and right of images of middle row
7. Conclusion (said by authors on camera)
7.1. ________: After its development, this technique paved the way for researchers in the field of valvular biology to explore the mechanisms that regulate valvular homeostasis and disease.

The statement is not made as the institution does not allow the author to appear or speak in the video
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.  

52750_Kruithof intro.pptx

6 2 - 52750_Kruithof_Figure2- Cell death staining of cultured aortic valve.pptx

6 2 - 52750_Kruithof_Figure2- collagen distribution of cultured aortic valve 1.pptx

6 2 - 52750_Kruithof_Figure2- collagen distribution of cultured aortic valve 2.pptx

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, as well as an introduction to your videographer, closer to your filming date.
( 2013, Journal of Visualized Experiments


