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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Y

If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

C.  Which steps of your protocol will viewers benefit most from having filmed? 2.5., 2.7., 2.8., 2.9., 3.1., 3.2.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  3.9. and 3.11.
E.  Will the filming need to take place in multiple locations? N
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 goal of this microfluidic experiment is to evaluate the effects of kinase inhibitors on tumor cell migration under a direct electric field. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.1. Ji-Yen Cheng: This method can help answer key questions in cellular electrotaxis studies, such as what are the determinant pathways in the electric-field guided migration of cancer cells?
1.2. Ji-Yen Cheng: The main advantage of this technique is that it is a highly reproducible and time saving electrotaxis study that can be easily implemented.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

1.3. Hsien-San Hou: The implications of this technique extend toward the diagnosis of the metastatic potency of cancer, as the mobility of malignant cancer cells can be enhanced by an electric field.  

1.4. Hui-Fang Chang: Though this method can provide insight into the electrotaxis of tumor cells, it can also be applied to skin regeneration processes such as wound healing.

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)

Protocol (read by voice talent at JoVE):

2. Multichannel dual-electric field (MDF) chip design and fabrication

2.1. Begin by using a drafting and design program [2.1.1.-WIDE-TXT] to draw an individual acrylic layer pattern [2.1.2.-LM].
2.1.1. Few seconds Talent at computer, drawing pattern (TEXT: e.g. AutoCAD or similar)

2.1.2. FigScreenCapture.tif

2.2. Save the pattern [2.2.1.-SCREEN] and then turn on the laser scriber [2.2.2.-MED].

2.2.1. *To be provided by Authors

2.2.2. Talent turning on scriber 

2.3. Connect the scriber to the controlling laptop [2.3.1.-MED] and click on “designed pattern file” to open the acrylic layer pattern [2.3.2.-SCREEN].

2.3.1. [combined with 2.2.2] Few seconds Talent connecting scriber to laptop

2.3.2. *To be provided by Authors
2.4. Next, place a piece of blank acrylic sheet on the X-Y-Z stage of the laser scriber [2.4.1.-MED] and use the appropriate corresponding laser scriber auto-alignment stick [2.4.2.-MED/CU] to set the focus of the laser beam on the surface of the sheet [2.4.3.-CU].

2.4.1. [2.4.1 to 2.4.3 combined] Talent placing sheet on scriber

2.4.2. Few seconds Talent using stick to set laser beam focus

2.4.3. Shot of laser beam coming into focus on sheet surface (Videographer: Can skip shot if not appropriate/necessary)

2.5. Send the designed pattern to the laser scriber for direct machining of the acrylic sheet [2.5.1.-LM].

2.5.1. Fig2B.tif

2.6. Then use forceps to remove the protective paper from the acrylic sheets [2.6.1.-CU] and blow the surfaces clean with nitrogen gas [2.6.2.-CU].

2.6.1. Few seconds paper being removed

2.6.2. Few seconds at least one sheet being cleaned

2.7. Now stack the sheets [2.7.1.-CU] and bond them together under a pressure of 200 grams/cm2 in a thermal bonder for 45 minutes at 110oC [2.7.2.-MED] to form the flow-electrical stimulation channel assembly [2.7.3.-CU].
2.7.1. Few seconds at least one sheet being stacked onto another sheet

2.7.2. [combined with 2.7.2] Talent placing sheets into bonder

2.7.3. Shot of channel assembly immediately after bonding
2.8. After preparing double-sided tape in the same manner [2.8.1.-CU], tape the cleaned cover glass to the flow-electrical stimulation channel assembly [2.8.2.-CU].

2.8.1. Tape being placed into scriber

2.8.2. Few seconds cover glass being taped to channel assembly

2.9. Then use super glue to adhere 13 pieces of acrylic adaptors [2.9.1.-CU] to the individual openings in Layer 1 of the multichannel dual-electric field, or MDF (Pronounce: M-D-F), chip assembly [2.9.1.-LM-TXT]. 
2.9.1. Few seconds at least one piece being glued

2.9.2. Fig2D.tif (TEXT: UV Sterilize complete MDF assembly 30 min prior to use)
3. MDF chip salt bridge network setup

3.1. To set up the MDF chip salt bridge network, begin by connecting fluorplastic tubes [3.1.1.-WIDE-TXT] to the MDF chip assembly via the medium inlet [3.1.2.-LM] and outlet adaptors [3.1.3.-LM].

3.1.1. Few seconds Talent attaching at least one tube to MDF chip assembly (TEXT: Autoclave/sterilize all materials prior to use

3.1.2. Fig1A.tif: please flash/indicate “medium inlet” text and arrows

3.1.3. Fig1A.tif: please flash/indicate “medium outlet” text and arrows
3.2. Next, connect the Luer taper of the medium inlet and outlet plastic tubes to 3-way stopcocks [3.2.1.-CU], a 3 ml syringe containing 2.5 ml of carbon dioxide-equilibrated PBS to the 3-way stopcock of the inlet plastic tube [3.2.2.-CU-TXT], and an empty 3-ml syringe to the 3-way stopcock of the outlet plastic tube [3.2.3.-CU].
3.2.1. [3.2.1. to 3.2.3 combined] Few seconds Luer taper being attached to a 3 way stopcock

3.2.2. Few seconds PBS syringe being attached to stopcock (TEXT: See text for all media/reagent preparation details)   

3.2.3. Few seconds empty syringe being attached to stopcock

3.3. Use white solid finger-tight nuts to seal the openings of the blue [3.3.1.-LM] and green adaptors [3.3.2.-LM] on the Layer 1 acrylic sheet [3.3.3.-CU].

3.3.1. Fig1A.tif: please flash/indicate blue electrode/agarose blocks

3.3.2. Fig1A.tif: please flash/indicate green agarose blocks 

3.3.3. Few seconds at least one nut being placed onto opening, with at least one other nut already in place

3.4. Then fill the salt bridge channels and culture chambers [3.4.1.-CU] with the carbon dioxide-equilibrated PBS, taking care to avoid bubbles [3.4.2.-CU].
3.4.1. Few seconds salt bridge being filled

3.4.2. Few seconds culture chamber being filled (Videographer: Can skip shot if not appropriate/necessary)
3.5. Transfer the chip to a 37oC, 5% CO2 cell culture incubator overnight to allow the dissolved air in the double-sided tape to form bubbles within the chambers [3.5.1.-MED].

3.5.1. Talent adding opening incubator, placing chip in incubator (Video Editor: only as much action as necessary for narrative)

3.6. The next morning, use the two syringes to generate a rapid PBS flow to flush away the bubbles [3.6.1.-CU], pumping the PBS back and forth as necessary [3.6.2.-CU].

3.6.1. Few seconds rapid PBS flow

3.6.2. [combined with 3.6.1] Few seconds PBS being pumped back and forth (Videographer: Can skip shot if not appropriate/necessary)

3.7. When all of the bubbles have been removed, use the 3-way stopcock connected to the medium outlet tube to drain the PBS from the channels [3.7.1.-CU].

3.7.1. Few seconds PBS being drained

3.8. Then replace the syringe connected to the inlet with a 3 ml syringe containing 2.5 ml of carbon dioxide-equilibrated DMEM [3.8.1.-MED] and refill the chambers with the medium [3.8.2.-CU].

3.8.1. Few seconds DMEM syringe being attached to stopcock

3.8.2. Few seconds chamber(s) being filled

3.9. When the chambers are full, remove the solid nuts from the green adaptors [3.9.1.-LM] and inject 3% agarose heated to at least 70°C into the salt bridge channel through the openings in the adaptors [3.9.2.-CU].

3.9.1. Fig1A.tif: please flash/indicate green agarose adaptors

3.9.2. Few seconds agarose being injected into at least one opened adaptor

3.10. Hsien-San Hou “The hot agarose prepares the salt bridge for the injection, ensuring blockage of the medium flow between the culture chambers.” [3.10.1.-MED-Spoken by Talent, interview style (looking just off camera)]
3.10.1. Hsien-San Hou, speaking the above, interview style (Authors: Please change the above words if you’d like. In particular, if there are further tips that you can give to help the viewer with these next few steps, this would be a great time to give it.)
3.11. Stop injecting the agarose when the compound fills three-quarters of the length of the salt bridge channel [3.11.1.-CU] and re-seal the pores with the solid nuts [3.11.2.-CU].

3.11.1. Shot of ¾-filled channel

3.11.2. Few seconds at least one nut being sealed with at least one other unsealed nut visible in frame

3.12. Now replace the solid nuts on the blue adaptors with translucent tubular finger-tight nuts [3.12.1.-LM] and load agarose into the tubular nuts [3.12.2.-CU].

3.12.1. Fig1A.tif: please flash/indicate blue agarose adaptors

3.12.2. Few seconds agarose being loaded into at least one tubular nut

3.13. Then embed silver-silver chloride electrodes into the tubular nuts before the agarose solidifies [3.13.1.-CU].

3.13.1. Few seconds at least one electrode being placed

4. Electrotactic experiment setup
4.1. To set up an electrotactic experiment, inject 0.3 ml of cells into the MDF chip through the outlet tubing [4.1.1.-WIDE-TXT] and return the chip to the cell culture incubator [4.1.2.-CU].

4.1.1. Few seconds Talent injected cells (TEXT: 1 x 106 cells/ml)

4.1.2. Chip being placed into incubator

4.2. After 2-4 hours, install the MDF microfluidic system onto a transparent indium tin oxide glass heater [4.2.1.-CU-TXT] and attach a K-type thermocouple between the MDF chip and the indium tin oxide glass to measure the temperature of the chip [4.2.2.-CU].

4.2.1. Few seconds system being installed into ITO heater (TEXT: See text for ITO heater/cell culture heating system setup details)

4.2.2. [combined with 4.2.1] Few seconds thermocouple being attached between MDF chip and ITO heater


4.3. Use a proportional-integral-derivative controller to set the MDF microfluidic system incubation temperature to 37oC [4.3.1.-MED] and mount the temperature-controlled MDF chip assembly onto the computer-controlled X-Y-Z motorized stage of an inverted microscope [4.3.2.-CU].
4.3.1. Few seconds Talent setting temperature to 37°C

4.3.2. Assembly being placed onto stage

4.4. Then, using a four-channel syringe pump, dispense complete medium into the culture chambers through the inlets at a flow rate of 20 microliters/h [4.4.1.-MED], collecting the culture waste from the outlets in microcentrifuge tubes [4.4.2.-CU].

4.4.1. Few seconds Talent starting/setting up pump and/or medium being added to chambers (Video Editor: however much action is needed for narrative)

4.4.2. Few seconds waste being collected in microcentrifuge tube

4.5. Incubate the cells at 37oC for another 16-18 hours [4.5.1.-CU].

4.5.1. Assembly being placed/incubating at 37°C

4.6. The next day, replace the medium in each chamber with fresh medium supplemented with the appropriate concentration of kinase inhibitor [4.6.1.-MED-TXT] for 60 minutes of treatment [4.6.2.-CU-TXT]
4.6.1. Few seconds Talent adding fresh medium to chambers (TEXT: i.e. 0, 5, 25, and 50 micromolar @ 20 microliters/min for 10 min)
4.6.2. Few seconds medium flushing through chambers, with kinase inhibitor container label visible in frame if possible (TEXT: Treatment flow rate: 20 microliters/h @ 37°C) 
4.7. Then connect a DC power supply to the MDF chip via the silver-silver chloride electrodes [4.7.1.-CU] and serially connect an ammeter to the electric circuit to monitor the electric current in the MDF chip [4.7.2.-CU].

4.7.1. Few seconds at least one electrical wire being placed

4.7.2. [combined with 4.7.1] Few seconds ammeter being connected

4.8. Finally, turn on the power supply [4.8.1.-MED] and adjust the voltage to between 15-19 volts to set the ammeter current to 86.94 microamps [4.8.2.-CU].

4.8.1. Talent turning on power supply

4.8.2. Few seconds voltage being adjusted/read out adjusting to 86.94 microamps

5. Results: Investigation of lung cancer cell electrotaxis using the MDF microfluidic system
5.1. In this representative MDF microfluidic system experiment, lung cancer cells treated with various concentrations of the kinase inhibitor Y27632 [5.1.1.-LM] exhibited no changes in cell migration speed with [5.1.2.-LM] or without electrical stimulation [5.1.3.-LM].
5.1.1. Mov1.avi: please outline/highlight/indicate all quadrants but top left
5.1.2. Fig4.jpg: please add/highlight/indicate black data bars in right graph

5.1.3. Fig4.jpg: please add/highlight/indicate black data bars in left graph

5.2. However, Y27632 treatment under the addition of an electrical field significantly reduced the anodic of the cancer cells migration [5.2.1.-LM]. 
5.2.1. Fig4B.tif: please add/highlight/indicate white 5, 25, and 50 data bars
5.3. Indeed, at a 50 micromolar concentration, the ROCK inhibitor eliminated the anodic movement of the cells completely [5.3.1.-LM-TXT] without affecting their migration speed [5.3.2.-LM].
5.3.1. Fig4B.tif: please indicate white 50 data bar (TEXT: ROCK: Rho-associated coiled-coil kinase)
5.3.2. Fig4B.tif: please indicate black 50 data bar
5.4. Moreover, there was a dose-dependent correlation between the applied chemical concentrations and the directedness index [5.4.1.-LM], confirming the reliability and efficiency of the MDF microfluidic system as a method for studying electrotaxis [5.4.2.-LM].
5.4.1. Fig4B.tif: please add a diagonal arrow stretching approximately from the bottom left corner of the 0 white data bar to the top right corner of the 50 data bar

5.4.2. Fig4B.tif: no animation
6. Conclusion (said by authors on camera)
6.1. Hsien-San Hou: Once mastered, this technique can be completed in 7-8 hours if it is performed properly.

6.2. Hsien-San Hou: After its development, this technique paved the way for researchers in the field of electrotaxis to explore wound healing in the skin.

6.3. Hsien-San Hou: After watching this video, you should have a good understanding of how to investigate the electrotaxis of cancer cells using a microfluidic device. 

6.4. Hsien-San Hou: Don't forget that working with a laser scriber can be extremely hazardous and that precautions, such as the use of protective goggles, 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.  

2.1.1-  FigScreenCapture.tif - Draw individual acrylic layer pattern in commercial software AutoCAD
2.5.1-  Fig2B.tif- The individual acrylic sheet layers fabricated by a CO2 laser
2.9.1-  Fig2D.tif- Completed MDF chip assembly
3.1.1-  Fig1A.tif - Schematic drawing of the MDF chip
3.9.1-  Fig1A.tif - Schematic drawing of the MDF chip
3.11.1- Fig1A.tif - Schematic drawing of the MDF chip
5.1.1-  Fig4A.tif- Effect of Y27632 on lung cancer cell migration under the EFS of 0 mV/mm 
5.1.2-  Fig4B.tif- Effect of Y27632 on lung cancer cell migration under the EFS of 300 mV/mm
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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