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A.  Will you require JoVE to record video microscopy through a microscope, such as filming a complex dissection or microinjection technique? (Y/N) N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) Y 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 

2.2-2.5, 3.1-3.4, 4.1-4.5

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Conceptual Narrative:
The overall goal of the following experiment is to examine the effect of vibrational stimulation on mesenchymal stem cells using a bioreactor designed to emulate phonation. (Intro) This is achieved by creating poly(ε-caprolactone) scaffolds to provide a 3-dimensional substrate for cell cultures similar to the vocal ligament. (C1) As a second step, the scaffolds are incorporated into silicone membranes, which facilitate the transduction of the oscillation to the cell constructs. (C2) Next, laser Doppler vibrometry is utilized to determine the vibrational characteristics of each membrane-scaffold combination. (C3) Ultimately, ELISA and quantitative RT-PCR analyses can be performed to assess the cellular responses at the protein and translational levels. (C4)
From conceptualdiagram.pptx

(C1) from (C1), maybe add pieces of structure with text labels one by one until (C1) graphic is complete?
(C2) from (C2), have round object with 4 knobs descend into flat grey round membrane, then have membrane move to black and white structure on right
(C3) show black/white structure from (C2), then have computer and LDV appear and stretch red laser down from LDV onto black/white structure
(C4) with “protein” please show Jia Fig. 11.tif; with “and translational levels” please show Jia Fig. 10.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Aidan Zerdoum: This method can help answer key questions in the field of laryngology, such as how the vocal fold matures and the consequences of vocal misuse.  

1.2. Brendan Bachman: The implications of this technique extend toward the treatment of vocal fold disorders because of the level of control over cellular function now possible with this method.  
Protocol (read by voice talent at JoVE):
2. Scaffold Fabrication 
2.1. To fabricate the scaffold, first dissolve PCL pellets in chloroform at a concentration of 15 wt%. Then load the resulting solution into a 10 ml syringe capped with a 21 G blunt-ended needle.
2.1.1. WIDE: Few seconds Talent adding pellets to chloroform [TEXT: PCL: poly(ε-caprolactone)]
2.1.2. MED: Few seconds Talent loading PCL solution into syringe
2.2. Lock the syringe onto a programmable syringe pump and set the flow rate at 1 ml/h. Then place an aluminum foil-covered collector across from the needle horizontally, with a needle tip-to-collector distance of ~18 cm. 
2.2.1. MED: Few seconds Talent locking syringe into pump

2.2.2. CU: Shot flow rate being set to 1 ml/h

2.2.3. CU: Collecting being placed across from needle (Video Editor: If possible, add line between needle tip and collect with “~18 cm” text with “with … ~18 cm”)
2.3. Next clamp a positive alligator clip to the middle of the needle and ground the clip to the collector. 
2.3.1. CU: Few seconds alligator clip being clamped to needle

2.3.2. CU: Few seconds clip being grounded to collector

2.4. Set the voltage on the high voltage power supply to 15 kV, taking care to keep away from the needle, then turn on the syringe pump and power supply.

2.4.1. CU: Few seconds voltage being set to 15 kV

2.4.2. MED: Talent turning on syringe pump
2.5. Use a dry paper towel to quickly remove the residual polymer solution surrounding the tip of the needle before the stable fiber jet and Taylor cone forms. 
2.5.1. MED: Talent turning on power supply

2.5.2. CU: Few seconds residual polymer being removed with dry paper towel
2.6. Allow the fibers to accumulate on the aluminum collector for about 7 hours to a thickness of 250-300 (m and then store the resultant scaffolds in a vacuum desiccator for 1-2 days to remove any residual solvent.
2.6.1. CU: Few seconds shot of fibers just beginning to accumulate (TEXT: Time = 0 h) OR Few seconds shot of fibers accumulating at about 7 hours (TEXT: Time = 7 h)

2.6.2. MED: Talent placing scaffold(s) into desiccator

2.7. The PCL scaffolds will contain micron sized interstitial pores and randomly entangled fibers with an average diameter of (4.7 (m. At a higher magnification, nanoscale grooves and pores will be visible on the individual fibers. 
2.7.1. LAB MEDIA: Jia Fig. 4.tif (Video Editor: with “The PCL … ~4.7 (m” please highlight the left image; with “At a … fibers” please highlight the right image)
3. Bioreactor Assembly 
3.1. To assemble the bioreactor, begin by using a 12 mm diameter biopsy punch to cut the outer diameter of an 8 mm circular disk out of a recently spun PCL mat. 
3.1.1. WIDE: Few seconds Talent punching outer diameter for PCL mat

3.2. Then use a second, 8 mm biopsy punch to score where the arms are to be cut. 
3.2.1. MED: Few seconds Talent punching at 2 mm long notches where at least one arm is to be cut

3.3. After scoring, use a scalpel blade to cut the edges of the arms outward, and insert the scaffold into the groove of the silicone membrane via the extended arms. 
3.3.1. CU: Shot of scored mat, then few seconds scalpel cutting edge of at least one warm (one shot of cutting the edges outward, then another shot of the extra scaffold being removed, revealing the arms)
3.3.2. CU: Few seconds scaffold being placed into groove of membrane

3.4. Flatten the inserted scaffold by gently pressing the surface using flathead tweezers, and then attach 8 mm ( 2 mm piece of thin aluminum foil to the PCL scaffold to aid in the laser reflection.
3.4.1. CU: Few seconds scaffold being flattened

3.4.2. LAB MEDIA: Jia Video 1.wmv@00:22-00:27
3.5. Secure the assembled silicone membrane-PCL scaffold in the vibration chamber.

3.5.1. LAB MEDIA: Jia Video 1.wmv@00:28-00:33
3.6.  Then sandwich the silicone membrane between paired acrylic blocks. 
3.6.1. LAB MEDIA: Jia Video 1.wmv@00:34-00:37

3.7. Secure the assembly with four corner screws using a micro torque screwdriver set to a constant force of 35 cN.m. (centiNewton meters), creating a water-tight, 24 mm wide and 18 mm deep vibration chamber. 
3.7.1. LAB MEDIA: Jia Video 1.wmv@00:38-00:46
3.7.2. LAB MEDIA: Jia Fig. 2C.tif
3.8. Next mount a 3 foot extended range mini-woofer underneath the vibration chamber through another set of corner screws on the bottom acrylic block, completing the assembly of an individual vibration module.

3.8.1. LAB MEDIA: Jia Video 1.wmv@00:47-00:54

3.9. After replicating seven additional vibration modules, affix four of the modules to one of two stationary aluminum bars by placing the speaker bases in evenly spaced circular holes cut into the bars.

3.9.1. LAB MEDIA: Jia Video 1.wmv@00:55-01:06
3.10. Stabilize each speaker by inserting a screw through the side of the aluminum bar into each circular hole. 
3.10.1. LAB MEDIA: Jia Video 1.wmv@01:07-01:08

3.11. Then connect the individual speakers to the selector by attaching wires to the positive and negative inputs on the speaker body and to the corresponding outputs on the selector. The speaker selector allows the signal from the function generator, after passing through a power amplifier, to reach all eight speakers at once. 
3.11.1. LAB MEDIA: Jia Video 1.wmv@01:10-01:27
3.11.2. LAB MEDIA: Jia Fig. 2E.tif (Video Editor: Can skip 2E; use only if needed for narrative)
3.12. Then place the two chamber arrays, the speaker selector, and the associated electronics into an anti-humidity enclosure, housing the entire assembly in a commercial cell culture incubator. 
3.12.1. MED: Few seconds Talent placing equipment into anti-humidity enclosure

3.12.2. MED/WIDE: Shot of entire assembly in cell culture incubator
3.13. Feed the main cables through a piece of medical grade PVC tubing and connect the power amplifier and speaker selector through the filter assembly at the back of the incubator. 
3.13.1. MED: Few seconds Talent feeding cables through PVC

3.13.2. MED: Few seconds Talent connecting power amplifier and/or speak selector through the filter assembly at back of incubator (shots were combined to show where cables run through the back of the incubator and are attached to the power amplifier)
4. Bioreactor Characterization 
4.1. To characterize the bioreactor, first add 1.5 ml of water into the vibration chamber to hydrate the PCL scaffold before the vibration. Then, using the function generator, introduce vibration signals to the sandwiched acrylic chamber. 
4.1.1. WIDE: Talent adding water into vibration chamber

4.1.2. MED: Talent starting vibrations OR CU: Shot of vibrations in water/chamber/other way to visualize vibrations
4.2. Use a voltmeter to accurately measure the voltage at each speaker input and then assemble the single-point laser Doppler vibrometry.

4.2.1. CU: Shot of voltmeter reading at one speaker (TEXT: Vpp readout from function generator ≠ eventual speaker voltage) 

4.2.2. MED: Few seconds Talent assembling LDV

4.3. Secure the fiber-optic laser sensor head to a pan-tilt head tripod and angle the sensor head so that it is pointing perpendicular to the tabletop. 
4.3.1. MED: Few seconds Talent securing laser sensor head to tripod

4.3.2. MED: Talent angling head perpendicular to tabletop

4.4. Then connect the sensor head to the data acquisition module via a coaxial cable and the module to a laptop via the USB port. 
4.4.1. MED: Talent connecting sensor head to data acquisition module

4.4.2. CU: Shot of cable being connected to USB port
4.5. Focus the laser beam perpendicularly at various predetermined points on the silicone membrane, and then, using the data acquisition software, click “Acquisition Settings” from the “Options” menu.

4.5.1. MED: Few seconds Talent focusing laser beam

4.5.2. LAB MEDIA: Jia Fig 3.tif
4.5.3. MED – over the shoulder: Talent at computer, clicking “Acquisition settings”

4.6. Next change the measurement mode to “FFT” and then click the “Continuous Measurement” tool in the main toolbar. Click the peak that forms at the chosen frequency to record the displacement and plot the normal mid-membrane displacement as a function of the relative position across the substrate. 
4.6.1. SCREEN: Measurement mode being changed to FFT, the Continuous Measurement being selected

4.6.2. SCREEN: Peak being clicked (these two screens are combined into a single avi file. First measurement mode is changed, then continuous measurement is selected (clicking the circular arrow), then a peak is clicked and the amplitude is shown on the right side of the screen in micrometers)
4.6.3. LAB MEDIA: Jia Fig. 6D.tif (Video Editor: with “plot the … displacement” please highlight the y-axis; with “function … substrate” please highlight the x-axis)
5. Vibratory Cell Culture

5.1. To set up a vibratory cell culture, first sub-culture human bone marrow-derived mesenchymal (maze-en-KAI-mal) stem cells in T150 tissue culture flasks at an initial seeding density of 4-5 x 103 cells/cm2 in maintenance media for 7-8 days. 
5.1.1. WIDE: Few seconds Talent adding media to at least one flask

5.1.2. MED: Talent placing flask(s) into incubator (TEXT: ~85% confluency)
5.2. On the day before the experiment, immerse a PCL scaffold in 70% ethanol overnight. 
5.2.1. MED: Talent placing scaffold in ethanol

5.3. The next morning, detach the cells with Accutase, and then, spin down the cells, and re-suspend the pellet in fresh maintenance media at a concentration of 4.5 ( 106 cells/ml.
5.3.1. MED: Talent adding accutase to at least one flask, with accutase container with label visible in frame if possible

5.3.2. MED: Talent placing tube(s) into centrifuge (TEXT: 5 min, 440 x g, RT)
5.3.3. CU: Shot of pellet if visible, then media being added to cells
5.4. After the ethanol is evaporated, expose both sides of the scaffold to germicidal UV light for 5-8 minutes. Then soak the PCL scaffold in a 20 (g/ml fibronectin solution at 37°C.  
5.4.1. MED: Talent placing scaffold under UV OR MED: Talent turning UV light onto scaffold OR CU: Shot of scaffold, then UV light turns on

5.4.2. MED: Talent placing scaffold in fibronectin solution

5.5. After 1 hour, assemble the bioreactor as just demonstrated and then evenly distribute 40 (l of the cell suspension onto the secured scaffold. 
5.5.1. MED: Few seconds Talent assembling one portion of bioreactor

5.5.2. MED: Talent adding cells to scaffold

5.6. Allow the cells to attach for 1-1.5 h and then add an additional 1.5 ml of fresh media to the vibration chamber.
5.6.1. MED: Talent standing looking at watch/time OR CU: Few seconds shot of timer counting down from 90 minutes or similar

5.6.2. CU: Media being added to chamber
5.7. After culturing the mesencymal stem cell-laden PCL scaffold statically for 3 days, refresh the media and then impose the selected vibration regimes onto the cellular constructs. 
5.7.1. MED: Talent adding media to scaffold/culture

5.7.2. CU: Few seconds media vibrating OR MED: Talent turning on vibrations
6. Results: Vibration induces extra cellular matrix (ECM) protein expression in MSC cultures
6.1. The vibration frequencies are chosen to reflect the fundamental human speaking frequencies, and there is a linear relationship between the normal displacement and the peak-to-peak voltage in the range of 0-0.125 V for all the frequencies tested. At a given peak-to-peak voltage, normal displacement decreases as frequency increases from 100 to 300 Hz. 
6.1.1. LAB MEDIA: Jia Fig. 5.tif 

(Video Editor: with “The vibration … speaking frequencies” please highlight the figure key in the top left corner of the graph; 

with “linear relationship” please highlight/indicate the data lines; 

with “normal displacement” please highlight the y-axis; 

with “peak-to-peak … tested” please highlight the x-axis; 

with “normal .. 300 Hz” stretch an bracket from the end of the 100 Hz data line down to the end of the 300 Hz data line)
6.2. Cellular responses to vibratory stimulations examined at the mRNA levels in terms of the expression of essential vocal fold extracellular matrix proteins, such as elastin, hyaluronan (high-ah-lure-oh-nan) synthase-1, collagen type 3 alpha 1 and metallomatrix protein-1 demonstrate that the cyclic one-hour-on/one-hour-off vibration leads to a 2.3 fold increase in elastin expression relative to the static controls at day 7.

6.2.1. LAB MEDIA: Jia Fig. 10.tif 

(Video Editor: with “elastin” please highlight the “ELN” text; 

with ”hyaluronan synthase-1” please highlight the “HAS1” text; 

with “collagen type 3 alpha 1” please highlight the “Col3A1” text; 

with “metallomatrix protein-1” please highlight the “MMP1” text; 

with “2.3 fold … day 7” please highlight the purple ELN day 7 data bar)

6.3. The vibratory stimulations also increase collagen expression moderately. It is noteworthy that the expression of major extra cellular matrix remodeling enzymes, hyaluronan synthase-1 and metallomatrix protein-1, is significantly augmented by the vibration signals from day 3 to day 7. 
6.3.1. LAB MEDIA: Jia Fig. 10.tif (Video Editor: with “increase … moderately” please highlight the purple day 7 ColeA1 data bar; with “hyalyronan … day 7” please highlight/add the brackets from the grey to the purple data bars for the HAS1 and MMP1 data)
6.4. Dynamically cultured cells produce 4.2 ± 0.1 (g/mg per dry scaffold weight soluble elastin as detected by ELISA after 7 days of vibrations, whereas the static controls only accumulate 2.7 ± 0.2 (g/mg elastin. On average, 7-day one-hour-on/one-hour-off vibrations result in 2.2- and 4.7-fold increases relative to the corresponding static controls in hyaluronic acid and MMP1 secretion, respectively. 
6.4.1. LAB MEDIA: Jia Fig. 11.tif 
(Video Editor: with “produce … 7 days of vibrations” please highlight the green Vib_ELN data bar; 

with “whereas … 2.7 ± 0.2 (g/mg elastin” please highlight the grey Stat_ELN data bar; 

with “result in 2.2.” please highlight the green Vib_HA data bar; 

with “and 4.7-fold” please highlight the green Vib_MMP1 data bar;

with “relative … controls” please highlight the grey Stat_HA and Stat_MMP1 control bars)

7. Conclusion (said by authors on camera)
7.1. Xinqiao Jia: Though this method can provide insight into vocal fold pathophysiology, it can also be applied to other systems, such as ear, which converts vibrations to electrical signals, and dermal tissues, that are exposed to vibrations from the environment or industrial tool usage. I hope you enjoyed the video and good luck with your experiments.
7.2. The main advantages of this technique over previous bioreactor designs are high energy conversion, minimal system perturbation and ease-of-use.

7.3. Following this procedure, it is possible to culture many different types of cells in multiple stimulating environments.
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, 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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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.
( 2011, Journal of Visualized Experiments


