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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) __N__ 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)__N_____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? positioning of flask within the bath, flask in center line, coupling of applicator, defining distance between shockwave source and cells
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  defining the distance between shockwave source and cell layer

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 avoid distracting physical effects during in-vitro shock wave treatment in order to achieve reproducible results. (Intro)
This is accomplished by first filling a cell culture flask completely with culture medium and then placing the flask into a heated water bath. (P1: Have an arrow point to the cell culture flask and labeled with “cell culture flask” when the words “first filling a” are read. Shot 3.2.1. and 3.4.2. can also be used.)
The second step is to use a generous amount of ultrasound gel when coupling the applicator to the water bath. (P2: Have an arrow point to the tube and labeled with “ultrasound gel” when the words “ultrasound gel” are read. Shot 4.1.1. can also be used.)
Next, the applicator is placed against the water bath’s membrane in a horizontal manner. (P3: Have an arrow point to the applicator and labeled with the word “applicator” when the words “the applicator” are read. Then have a second arrow labeled with the word “membrane” point to the membrane on the water bath when the words “water bath’s membrane” are read. Shot 4.1.2. and 4.2.1. can also be used.)
The final step is to ensure that the shock wave source is in line with the center of the cell culture flask in order to have the cells positioned within the wave focus. (P4: Have the red arrow appear on P4 when the words “in a line” are read.)
Ultimately, analysis of your cells can be performed as in our example with real-time PCR and a cytokine array to show an alteration in the genes and cytokines of interest. (P5: Have P5 on screen and then have a double arrow appear to the right of the picture. Then have figure 5B appear next to the top arrow when “real-time PCR” is read and have figure 5C appear next to the bottom arrow when “cytokine array” is read.)
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Johannes Holfeld: We first had the idea for this method, when we saw that existing methods of applying shockwaves directly to cell cultures do not consider the effect of wave reflection at the transition from culture medium to ambient air.

1.2. Johannes Holfeld: Demonstrating the procedure will be Dr. Can Tepeköylü a PhD student from my research group. 
1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE): 
2. Preparation of Water Bath for In Vitro Shock Wave Trials 
2.1. To begin, heat 3.5 liters of tap water to 37°C. Then, transfer the heated water to the water bath. The water level should be 3 cm below the top of the water bath and should cover the membrane completely. 
WIDE: Talent heats 3.5 liters of tap water to 37°C.
2.1.1. MED: Talent transfers heated water to the water bath.

2.2. Next, connect the temperature sensor to a power supply and place the temperature sensor in the fitting on the back wall of the water bath. 
2.2.1. MED: Talents connects temperature sensor to power supply and places sensor in the fitting on the water bath.

2.2.2. CU: exact sensor placing

2.3. Then while stirring the water continuously, connect the heater to a power supply and heat the water to a stable temperature of 37°C.
2.3.1. MED: Talent stirs the water and then connects the heater to a power supply.

2.3.2. MED – over the shoulder: Talent heats water to 37°C. (cut clip after reaching 37°C) 
3. Cell and Culture Flask Preparation
3.1. Under sterile conditions, seed cells in T-25 culture flasks so they will reach 90% confluency following overnight incubation.
3.1.1. WIDE: Talent sits at a tissue culture hood seeding cells.
3.1.2. MED: Talent seeds cells in a T-25 culture flask. Talent shaking flask.
3.2. Then, stand flasks vertically and fill with culture medium to the bottom of the neck of the flask. To avoid contamination, do not allow medium to come in contact with the neck of the flask or the closing cap.
3.2.1. MED: Talent stands flasks vertically and fills with culture medium. 
3.3. Next, close flasks with a solid cap without a filter to prevent contamination from the water in the bath. Then, seal the caps with Parafilm.
3.3.1. CU: Talent showing solid cap and putting it on flask.
3.3.2. MED: Talent closes flasks with a solid cap and then seals caps with Parafilm.
3.4. After the flasks are sealed, clamp them into a stand. Then, insert the fixed flasks into the water bath and align the middle of the cell culture flask with the center of the shock wave applicator’s membrane.
3.4.1. MED: Talent clamps the sealed flasks into a stand. 

3.4.2. CU: Talent inserts the fixed flasks into the water bath and aligns the middle of the culture flask with the center of the shock wave applicator’s membrane.
4. Application of Shock Waves to the Water Bath
4.1. Apply ample amounts of ultrasound transmission gel on the shock wave applicator and the membrane of the water bath. Then, connect the applicator to the membrane and make sure no air bubbles are between them.
4.1.1. CU: Talent applies ample amounts of ultrasound gel to shock wave applicator and to the membrane of the water bath.

4.1.2. CU: Talent connects the applicator to the water bath membrane. 
4.2. Next, hold the shock wave applicator in the center of the membrane and ensure that it is aligned horizontally and vertically with the cell culture flask to guarantee treatment of the entire cell growth area.
4.2.1. MED/CU: Multiple takes of talent holding the shock wave applicator in the center of the membrane and making sure that the membrane is aligned horizontally and vertically with the cell culture flask. 
4.3. Then, conduct a pilot experiment to determine the ideal distance between the shock wave applicator and the culture flask as well as for defining the correct treatment parameters. Make sure to maintain the culture flask and the applicator in a stable position during activation of the shock wave device.
4.3.1. MED: Talent conducts a pilot experiment to determine the ideal distance between the shock wave applicator and the culture flask. 
4.3.2. CU: Talent adjusting parameters.

4.4. Once an ideal distance is determined, perform the experiment under the desired shock wave treatment parameters.
4.4.1. MED: Talent performs shock wave experiment using the ideal treatment parameters.
5. Cell Analysis Post-Shock Wave Treatment
5.1. After shock wave treatment is completed, remove the cell culture flask from the water bath, dry with paper towels, and disinfect the outside surface of the flask.

5.1.1. MED: Talent removes the cell culture flask from the water bath, dries the flask with paper towels, and disinfects the outside surface of the flask.
5.2. Next, transfer the medium from the flask into a centrifuge tube.  Pellet the cells under normal centrifuge parameters.
5.2.1. CU: Talent transfers the medium from the flask into a centrifuge tube.

5.2.2. WIDE: Talent places tube in centrifuge and presses start. 

5.3. Resuspend the cell pellet in 2 mL of cell culture medium. Then, transfer the cell suspension back into the flask containing 5 mL of cell culture medium and grow the cells to the required confluency for cell analysis experiments.
5.3.1. WIDE: Talent removes the tube from the centrifuge.

5.3.2. CU: Talent resuspends the cell pellet in 2 mL of cell culture medium and transfers cell suspension to flask containing 5 mL of cell culture medium.

5.3.3. WIDE: Talent places cell culture flask in incubator.

6. Results: Shock Wave Treatment of Human Umbilical Vein Endothelial Cells
6.1. Real-time PCR analysis of human umbilical vein endothelial cells revealed an upregulation in Tie-2 mRNA levels after shock wave treatment. This suggests shock wave treatment increased endothelial cell proliferation and angiogenesis.
6.1.1. LABMEDIA: Figure 5B

6.2. The cytokine levels in the umbilical vein endothelial cells were quantified using a cytokine array. The two inflammatory cytokines, IL-6 and IL-8, were also found to be significantly increased, which supports the finding that shock wave treatment stimulates angiogenesis.
6.2.1. LABMEDIA: Figure 5C and 5D (Video editors: Display figure 5C and add text on the bottom of the screen “48 hours post-shock wave treatment”. Then shift figure 5C to the left side of the screen and add Figure 5D onto the right side of the screen when the second sentence is stated. Highlight the two grey bars on the bar graph with the words “significantly increased.”)
7. Conclusion (said by authors on camera)  
7.1. Johannes Holfeld: After its development, this technique paved the way for numerous researchers in the field of shock wave basic research to explore effects on a single cell type in in-vitro experiments. We hope to convince even more researchers to use this model in order to gain reproducible and comparable results within shock wave science.
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.  

6. Figures_original files.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.
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