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A.  Will you require JoVE to record video microscopy through a microscope? N
B.   Does your protocol include descriptions of software usage? N
C.  Which individual steps (not sections) of your protocol will viewers benefit most from having filmed? 2.1.-2.12., 3.1.-3.11.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Ensuring the sonication system is stable prior to treating cells. System stability can be assessed using all of step 3 in the protocol.
E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Procedural Narrative:

The overall goal of the following experiment is to assess the efficacy and reproducibility of pulsed low frequency ultrasound in damaging human leukemia cell populations in the absence or presence of a cholesterol-depleting agent. (Intro) This is achieved by cleaning the sonication system and evaluating its stability. (P1) The human leukemia cells are then sonicated in the absence (P2) and the presence of methyl-β-cyclodextrin. (P3) Next, automated cell counters are used to assess cell viability (P4) and the effects of sonication and cholesterol depletion on the mitochondrial activity of leukemia cells are evaluated by XTT (Pronounce: X-T-T) assay. (P5) Ultimately, the data suggest that low frequency ultrasound may be used to damage malignant cells, which is potentiated by the use of a cholesterol-depleting agent. (P6)
(P1) from MS18A_Schematic Overview.docx C1, start with speaker w/waves then add beaker and wrench. Then show the nice top wave pattern with the checkmark person.  
(P2) from MS18A_Schematic Overview.docx C2, show left blue cell(s) with solid black outline, then add speaker and animate waves from speaker to cell(s)
(P3) from MS18A_Schematic Overview.docx C2, show left blue cell(s) (without speaker/waves), then add methyl-beta-cyclodextrin  structural formula and “methyl-beta-cyclodextrin” text OR MebetaCD text, causing the left blue cell(s) with the solid black cell wall to turn into the right blue cell(s) with bumpy black outline, then add speaker and animate waves from speaker to cell(s)

(P4) from MS18A_Schematic Overview.docx C3, show the two cell counters at the top without any labels
(P5) from MS18A_Schematic Overview.docx C3, show the left compound (XTT tetrazolium), then add the phenazine methosulfate compound plus mitochondrial dehydrogenase. Then have the left compound change into the right compound (XTT formazan)
(P6) MS18A_Figure 7A-page-001.jpg
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

Note to the authors: Author statements are limited to 3-4 lines of text. Any additional edits must be within these restrictions.
1.1. Matthew Trendowski: My laboratory is interested in sonodynamic therapy, a novel therapeutic modality that combines the antineoplastic activity of ultrasound with specialized agents that amplify the effects of sonication. Our protocol assesses the sonic sensitivity of neoplastic and normal cells to determine potential sonochemotherapeutic approaches that warrant further preclinical investigation.
1.2. Christopher Acquafondata: the stability of the sonication system, as it can take some time to learn how to optimally apply these devices.

1.3.  Timothy D. Christen: Visual demonstration of this method is critical, as the cleaning and stabilization procedures used to assess the sonication system are vital for obtaining reproducible results.

Protocol (read by voice talent at JoVE):
2. Cell sonifier system cleaning, setup, and intensity/function assessment
2.1. Before beginning an experiment [2.1.1.-WIDE], use chloroform and a cotton swab to clean the union between the horn and converter [2.1.2.-CU].
2.1.1. Talent approaching system/bench with cleaning implements OR Few seconds Talent cleaning union
2.1.2. Few seconds union being swabbed, with chloroform container label visible in frame if possible 
2.2. Next, apply a light oil to the threads of the horn [2.2.1.-CU] and converter to further remove any metal shavings, rust, or oxidation buildup [2.2.2.-CU].
2.2.1. Few seconds oil being applied to horn (Videographer: Combine 2.2.1. and 2.2.2. as appropriate)
2.2.2. Few seconds oil being applied to converter (Videographer: Combine 2.2.1. and 2.2.2. as appropriate)
2.3. Then remove the oil and any other contaminants from the union with more chloroform [2.3.1.-CU] and reattach the horn to the converter [2.3.2.-CU].

2.3.1. Few seconds oil being removed

2.3.2. Few seconds horn being reattached
2.4. To properly torque the system, pull the horn out of the bottom of the cup [2.4.1.-CU] and place a slot wrench inside one of the three small holes near the top of the converter [2.4.2.-CU].
2.4.1. *Film as written

2.4.2. *Film as written 
2.5. Now position a torque-wrench fitted with a ½ inch crow’s foot on the slotted part of the horn [2.5.1.-CU] and tighten in the standard clockwise direction [2.5.2.-CU] until the torque meter reads 39.99 ft. lbs [2.5.3.-CU]. 
2.5.1. *Film as written

2.5.2. Few seconds horn being tightened 
2.5.3. Shot of torque meter at 54.23 Nm 39.99 ft. lbs
2.6. After tightening, fit the converter and horn back into the cup [2.6.1.-CU] and mount the pieces to a ring stand in the upright position [2.6.2.-CU].
2.6.1. *Film as written

2.6.2. *Film as written 
2.7. Reattach the converter to the power supply [2.7.1.-MED] and then set the system for pulse dosing using one second of sonication with one second between pulses [2.7.2.-MED].
2.7.1. *Film as written

2.7.2. Shot of Talent setting system for pulse dosing 
2.8. Then adjust the system to the desired amplitudes [2.8.1.-MED-over the shoulder-TXT OR SCREEN].

2.8.1. Few seconds Talent adjusting amplitudes (TEXT: e.g., 33% and 50%) OR *To be provided by Authors

2.9. To assess the intensity and function of the sonifier system, begin by holding the cavitation meter at 1.5 cm [2.9.1.-MED-TXT], taking care that no bubbles are present at the face of the meter probe [2.9.2.-CU].
2.9.1. Talent placing/holding meter at 1.5 cm (TEXT: 1.5 cm = level of sample sonication)

2.9.2. Shot of meter probe face with no bubbles 
2.10. Read the cavitation meter screen to confirm that the system is running at the appropriate intensity [2.10.1.-CU-TXT].
2.10.1. Shot of cavitation meter showing readings (TEXT: 100-110 Watts/cm2 for 33% amplitude; 115-125 W/cm2 for 50% amplitude) 
2.11. Next, fully immerse the hydrophone sensor in a sample vial containing 12.5 ml of water [2.11.1.-MED] and use the ring stand to suspend the hydrophone [2.11.2.-MED].
2.11.1. Talent immersing sensor

2.11.2. Talent suspending hydrophone on ring stand

2.12. To confirm the stability of the waveform characteristics, attach the hydrophone to the input of the oscilloscope [2.12.2.-MED] and confirm the presence of a clear sine wave, as aberrant waves can alter the frequency of the system [2.12.3.-CU].
2.12.1. Talent attaching hydrophone to oscilloscope

2.12.2. Shot of sine wave on oscilloscope output 
3. Cell sonication and damage assessment
3.1. To prepare the cells for sonication, first seed them at 4 x 104 cells/ml in a 25 cm2 flask using freshly prepared medium [3.1.1.-WIDE-TXT].
3.1.1. Talent adding cells to flask (TEXT: See text for all media/reagent preparation details) 
3.2. After determining the number of viable cells by Trypan blue exclusion [3.2.1.-CU], incubate the culture at 37°C and 5% carbon dioxide until the culture has reached the desired concentration [3.2.2.-MED].

3.2.1. Trypan blue stained cells being added into TC20 sampling slide

3.2.2. Talent adding flask(s) to incubator

3.3. When the cells are ready for sonication, use a vacuum and Buchner flask to degas a volume of deionized, distilled water [3.3.1.-MED]. Then use the water to fill the cup horn up to 15 mm above the top of the horn [3.3.2.-CU].
3.3.1. Few seconds Talent degassing water

3.3.2. Last few seconds water being filled to 15 mm mark/above top of horn

3.4. Run the system with the degassed water for about 7 minutes [3.4.1.-MED]. Then transfer 3 ml of cells into a glass 20 ml scintillation vial [3.4.2.-CU] and attach the vial to the holding device [3.4.3.-CU].

3.4.1. Talent starting system

3.4.2. *Film as written

3.4.3. *Film as written
3.5. Next, attach the holding device to the top of the cup horn [3.5.1.-CU] and use the sliding mechanism to set the holding device to an elevation of 15 mm from the top of the horn at the water surface [3.5.2.-CU].
3.5.1. Holding device being attached to cup horn

3.5.2. Few seconds holding device being set
3.6. Now sonicate the cells using three 1 second pulses of ultrasound with a 1 second spacing between each of the pulses at 33 and 50% amplitude [3.6.1.-CU].
3.6.1. Few seconds cells being sonicated OR Shot of screen showing sonication setting and/or sonication start button being pressed
3.7. Assess the cell viability after sonication by Trypan blue exclusion [3.7.1.-MED].

3.7.1. Talent adding slide to TC20 counter 

3.8. To assess the cell damage, flush the aperture of a Z2 particle analyzer at least two times with isotonic saline [3.8.1.-MED].

3.8.1. Few seconds Talent flushing aperture

3.9. Next, add 100 microliters of the sonicated cells into 20 ml of isotonic saline [3.9.1.-CU] and transfer the cell sample into the counter holder [3.9.2.-CU].

3.9.1. *Film as written

3.9.2. *Film as written

3.10. Then raise the platform to the aperture [3.10.1.-CU] and analyze the cell damage, viability, and debris according to the manufacturer’s instructions [3.10.2.-MED].
3.10.1. *Film as written

3.10.2. [combined with 3.10.1] Few seconds Talent at analyzer, analyzing cell damage/viability/debris

4. XTT assay assessment of cell viability and mitochondrial activity
4.1. To assess the viability of sonicated cells        by XTT assay [4.1.1.-WIDE], sonicate the cells using a range of one to three 1 second pulses spaced 1 second apart to develop a range of damage for the XTT kit to assess [4.1.2.-MED].
4.1.1. Talent adding cells to scintillation vial, with culture flasks visible in frame

4.1.2. Talent adding vial to sonicator

4.2. Then spin down the cells [4.2.1.-MED-TXT] and resuspend the pellets to 1 x 105 cells/ml in freshly prepared growth medium [4.2.2.-CU].

4.2.1. Talent adding tube(s) to centrifuge (TEXT: 10 min, 200 x g)

4.2.2. Shot of at least one pellet if visible, then few seconds one pellet being resuspended
4.3. Next, seed 100 microliters of cells per well into individual flat-bottom 96-well microtiter plates in triplicate [4.3.1.-MED-over the shoulder], including 3 control wells containing 100 microliters of complete growth medium alone for blank absorbance readings [4.3.2.-CU].
4.3.1. Few seconds Talent adding cells to at least one well, with tube of cells with label visible in frame if possible 
4.3.2. Medium being added to at least one well, with medium container label visible in frame if possible

4.4. Incubate the cells for 24 hours [4.4.1.-MED]. On the morning of the assay, gently swirl aliquots of 37° C-warmed XTT and activation reagents until the solutions are clear [4.4.2.-CU].
4.4.1. *Film as written 
4.4.2. Last few seconds of one solution being swirled, with other clear reagents visible in frame

4.5. Then add 0.1 ml of the activation reagent to a 5 ml aliquot of the XTT reagent [4.5.1.-CU].
4.5.1. Shot of both XTT reagent aliquots, then at least one aliquot of activation reagent being added to at least one XTT reagent aliquot  
4.6. Next, add 50 microliters of the activated-XTT solution to each well of the U937- and THP1-inoculated plates [4.6.1.-MED] and return the cells to the cell culture incubator [4.6.1.-CU].
4.6.1. Talent adding XTT to at least one well, with both plates visible in frame

4.6.2. *Film as written 
4.7. After 2 hours, shake the plates gently to evenly distribute the orange dye in the positive wells [4.7.1.-CU] and measure the absorbance on a microtiter plate reader between 450-500 nm [4.7.2.-MED].

4.7.1. Few seconds one plate being gently shaken

4.7.2. [combined with 4.7.1] Talent loading plate onto plate reader

4.8. Finally, measure the absorbance of all the assay wells again between 630-690 nm [4.8.1.-CU-TXT].

4.8.1. Plate being loaded into reader (TEXT: See text for background reading subtraction/final value acquisition details)

5. Results: Effects of different levels of amplitude on ultrasonically lysed U937 and THP1 cells
5.1. As expected, more extensive cell damage is observed in cell populations sonicated at the 50% [5.1.1.-LM] than at the 33% amplitude [5.1.2.-LM]. 
5.1.1. MS18A_Figure 6A-page-001.jpg: please trace/indicate the green data line
5.1.2. MS18A_Figure 6A-page-001.jpg: please trace/indicate the blue data line
5.2. The 33% amplitude, however, permits the detection of further damage when agents are applied, as in this experiment in which the dose-dependent effects of the cholesterol-depleting agent methyl-beta-cyclodextrin on potentiating the ultrasonic sensitivity of U937 cells were evaluated [5.2.1.-LM]. 
5.2.1. MS18A_Figure 7A-page-001.jpg: no animation
5.3. Although the non-sonicated methyl-beta-cyclodextrin-treated cells [5.3.1.-LM] were similar in viability to the non-sonicated, untreated cells [5.3.2.-LM], the viability markedly dropped after three pulses of 1 second 40 kHz ultrasound were applied [5.3.3.-LM]. 
5.3.1. MS18A_Figure 7A-page-001.jpg: please indicate the red and pink data bars for the 0.5, 1 and 5 mM MeBCD groups
5.3.2. MS18A_Figure 7A-page-001.jpg: please indicate the indicate the red and pink data bars for the Untreated group
5.3.3. MS18A_Figure 7A-page-001.jpg: please indicate the blue and black/grey data bars in all 4 groups
5.4. Further, the decrease in viability after sonication appears to have been dose dependent, as 5 mM of the cholesterol-depleting agent produced the largest drop in cell count [5.4.1.-LM], followed by 1 mM [5.4.2.-LM] and 0.5 mM [5.4.3.-LM] treatments with methyl-beta-cyclodextrin. 
5.4.1. MS18A_Figure 7A-page-001.jpg: please highlight/indicate 5 mM data bars
5.4.2. MS18A_Figure 7A-page-001.jpg: please highlight/indicate 1 mM data bars
5.4.3. MS18A_Figure 7A-page-001.jpg: please highlight/indicate 0.5 mM data bars
5.5. As assessed by XTT assay, although the THP1 cells [5.5.1.-LM] appeared to be slightly more sonic resistant than the U937 cells [5.5.2.-LM], both of the human leukemia cell lines were damaged in a dose dependent manner [5.5.3.-LM]. 
5.5.1. MS18A_Figure 7B-page-001.jpg: please highlight/indicate the open shape data lines in the figure legend
5.5.2. MS18A_Figure 7B-page-001.jpg: please highlight/indicate the closed shape data lines in the figure legend
5.5.3. MS18A_Figure 7B-page-001.jpg: please sequentially add/highlight/indicate the data lines and in the graphs from black lines to blue lines to pink lines to grey lines
5.6. In addition, the coupling of higher concentrations of methyl-beta-cyclodextrin with a greater number of ultrasound pulses produced the lowest reduction of XTT to a soluble, brightly colored orange derivative for both the U937 and THP1 cells, corresponding to a lower cell viability and mitochondrial activity for both cell lines.
5.6.1. MS18A_Figure 7B-page-001.jpg: please highlight/indicate the grey open and closed data points along the right y-axis at the “3” pulse x-axis point
6. Conclusion (said by authors on camera)
6.1. Matthew Trendowski: Following this procedure, other sonic-sensitizing agents, such as cytoskeletal-directed and reactive oxygen species-producing agents, can be assessed for their potentiation of sonic sensitivity to optimize protocols for preclinical sonochemotherapeutic investigation. 

6.2. Christopher Acquafondata: While attempting this procedure, it’s important to remember to appropriately organize the sonication data acquired from the TC20 and Z2 counters, as they provide detailed information about the efficacy of the treatment protocol that can be lost if no logistical scheme is used.

6.3. Timothy D. Christen: After watching this video, you should have a good understanding of how to use low frequency ultrasound in combination with potential sonosensitzers in preclinical in vitro models to assess their potential therapeutic utility. 

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.  
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MS18A_Figure 7B-page-001.jpg
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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