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

2.1, 2.2-2.14 (sequential steps, all short), 3.1, 3.3, 4.2-4.4, 4.7, 5.1-5.3 (these are all short steps)
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document:

The most difficult aspect is to consistently reproduce electrospun scaffolds that have uniform dimensions and are comprised of fibres with comparable diameters. We find by electrospinning onto a rotating mandrel at very low speeds provides better consistency to the scaffolds produced than if we electrospun onto a flat metal plate which is common practice.

E.  Will the filming need to take place in multiple locations? (Y/N) Yes If yes, how far apart are the locations? Filming will be in two buildings, entrances to the buildings are within 100m of each other.
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 electrospin a three-dimensional tri-phasic scaffold, allowing for the co-culturing of fully differentiated adult human cells in order to replicate the natural extracellular matrix these cells encounter in situ. (Intro)

This is accomplished by first electrospinning a randomly aligned microfiber scaffold. (P1: Show the graphic prepared for P1. Animate it by making the dotted line (polymer) wave back and forth as it goes from the syringe to the mandrel.  Also, slowly rotate the mandrel by adding some kind of visual marker onto it and having it go around in a circle.  With the words “randomly aligned” show the image of the “Microfiber Scaffold” coming from the mandrel.)
The second step is to form a bi-phasic scaffold by electrospinning a randomly aligned nanofiber layer directly onto the microfiber scaffold. (P2: Shrink the image of the “Microfiber scaffold back onto the mandrel. Then, change the red text on the screen, emphasize the values under “Syringe Pump” and “Syringe” and start spinning the mandrel again at the same speed. With the word “randomly aligned” Have the image of the “Nanofiber Scaffold” come out of the mandrel.  If possible, make it appear as though the nanofiber image turns over and on the other side show the image of the “microfiber scaffold”.)

Next, a separate aligned nanofibre scaffold is electrospun. (P3: Fade away the scaffold images, change the red text, emphasize the red text denoting the speed in RPMs (2000 RPM).  At the end of the statement, show the image of the “Aligned Nanofiber Scaffold”.)

The final step is to seed each scaffold with their respective cell type, and to coculture the scaffolds in a perfused bioreactor system as a single construct. (P4: Use cells from DAM ID 3676 to seed each of the layers presented on slide 5 (P4), then, shrink the scaffold sandwich into the region indicated by the dotted lines.  Once in the bioreactor, rotate the arrow heads around the tracks.)

Ultimately, multicellular interactions can be analyzed through measurement of mediator release and immunostaining the construct. (P5: Show Figure 8C-E)
*See JoVE Schematic Overview.ppt file for P1-P4 Graphics on 5 separate slides.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Jack Bridge: The main advantage of this technique over existing methods, like 2D transwell membranes, is that electrospun scaffolds provide a 3D fibrous environment that can be adapted to provide a physiologically relevant morphology.  
1.2. Gavin Morris: This method provides a stable platform using either cocultured diseased or healthy human cells as an in vitro model. This will help to reduce our reliance on animal models which have limitations in their relevance to human disease, and decrease the number of animals used in experimentation. 
1.3. Felicity Rose: Though this method can provide insight into respiratory diseases such as asthma and COPD, it can also be applied to the study of inflammatory diseases of the intestine or for the development of a skin model for chemical testing. 

Protocol (read by voice talent at JoVE):  

2. Electrospinning Biphasic and Aligned Polyethylene Terephthalate Scaffolds 
2.1. To begin, prepare three different 10 ml solutions of PET (pronounced P-E-T) by dissolving  8%, 10%, and 30% PET into 1 to 1 mixtures of dichloromethane and trifluoroacetic acid.  Stir the solutions overnight at room temperature to dissolve the PET.
2.1.1. MED: Talent prepares solutions in clearly marked containers.

2.1.2. MED: Talent sets solutions on stir plate / oscillation plate to dissolve overnight.

2.2. The next day, transfer the PET solutions into syringes and attach a 23-gauge needle to the syringe containing the 8% mixture and 18-gauge needles to the other two syringes containing the 10% and 30% PET solutions.

2.2.1. MED: Talent draws up solutions into the syringes.

2.2.2. CU: Talent adds needles to clearly labeled syringes as indicated.

2.3. Prepare the microfiber scaffold first.  Load the syringe containing the 30% PET solution into the syringe pump with the needle point at the bottom. Position the mandrel 15 cm from the needle tip and ensure that the needle is pointed at the center of the drum. 
2.3.1. CU: Talent loads 30% syringe onto syringe pump and positions the needle.

2.3.2. MED: Talent measures the distance and aligns the system.
2.4. Attach the positive electric supply line to the needle tip using a metallic crocodile clip and ground the mandrel by connecting the ground line to the banana socket. Switch on the motor and set the mandrel speed to 60 rpms.  
2.4.1. CU: Talent attaches alligator clip to needle and ground line to the banana socket.

2.4.2. MED: Talent turns on motor and begins rotation.
2.5. Turn on the syringe pump to provide a flow rate of 2.0 mL/h while creating the microfiber scaffolds. Allow the pump to run until solution is extruded from the needle tip in order to prime the system by removing any air in the needle. Then, stop the pump.
2.5.1. CU: Talent turns on the syringe pump and solution begins to flow from the tip of the needle, they then stop the pump.
2.6. On the syringe pump, set the total volume of solution to be expelled to 2 mL and start the pump. Next, apply a potential of 14 kV between the needle and the mandrel. Electrospin for 1 hour until 2 mL of the 30% PET solution has been electrospun.
2.6.1. CU: Talent sets the flow volume and starts the pump again.

2.6.2. CU: Talent turns on voltage source.

2.6.3. Video of electrospray setup producing a scaffold. Ideally, show the last few seconds so that the pump runs out.

2.7. With the microfiber scaffold still on the mandrel, turn off the voltage potential, remove the crocodile clip, and replace the syringe containing the 30% PET solution with the syringe containing the 8% PET solution.  Then, reconnect the crocodile clip to the 23 gauge needle.

2.7.1. MED: A)Talent turns off the voltage
          B) and removes the clip.

2.7.2. CU: Talent replaces the syringe and reconnects the clip to the needle.

2.8. Change the flow rate of the syringe pump to 0.5 mL/h and prime the needle by running the syringe pump until the solution flows from the tip.

2.8.1. CU: Talent adjusts the flow rate and primes the needle.

2.9. With the mandrel continuing to spin at 60 rpms, apply the 14 kV potential between the needle tip and the mandrel and set the total volume to be extruded by the syringe pump to be 2 mL.  Electrospin for 4 hours until 2 mL of the 8% PET solution has been electrospun.

2.9.1. MED: Talent turns on the voltage source and polymer begins to spin from the needle.

2.9.2. CU: PET solution being electrospun.
2.10. When the electrospinning is complete, turn off the power supply and the motor spinning the mandrel.  Cut the biphasic scaffold with a blade along the width of the mandrel to produce a 2D sheet of scaffold the size of the mandrel surface area.

2.10.1. MED: Talent turns off the power supply and motor.
2.10.2. CU: Talent cuts scaffold from the mandrel

2.11. To prepare aligned PET scaffolds, load the syringe containing 10% PET solution into the syringe pump with the needle point at the bottom.  Then, connect the crocodile clip to the needle.

2.11.1. CU: Talent loads the syringe in the syringe pump and attaches the clip to the needle.

2.12. Set the flow rate to 0.5 mL/h and prime the needle with PET solution. Then, turn on the motor and set the mandrel spin speed to 2000 rpms. 

2.12.1. CU: Talent adjusts the flow rate and primes the needle.

2.12.2. MED: Talent sets mandrel spin speed to 2k rpms.

2.13. Next, switch on the syringe pump, set the voltage supply to 14 kV and switch on the power supply.  Electrospin for 4 hours until 2 mL of solution has been electrospun.
2.13.1. MED: Talent turns on the syringe pump then the power supply.
2.13.2. CU: Polymer depositing onto the mandrel as it spins at 2k RPMs

2.14. When the electrospinning has completed, turn off the power supply and the motor. Cut the scaffold with a blade along the width of the mandrel to produce an aligned 2D sheet of scaffold. 

2.14.1. MED: Talent turns off the power supply and motor.

2.14.2. CU: Talent cuts aligned sheet from the mandrel.
2.15. Store the electrospun scaffolds in aluminum foil to reduce electrostatic charge.
2.15.1. CU: talent places sheet into foil.
3. Sterilization of Scaffolds

3.1. Use a 0.8 mm diameter biopsy pen to punch out discs of biphasic or aligned scaffolds from the electrospun sheets. Then, glue the biphasic scaffold disc to a gasket using non-toxic aquarium glue.
3.1.1. CU/ECU: Talent punches out discs from the scaffolds.

3.1.2. ECU: Talent glues discs to gaskets.
3.2. Place the gaskets and scaffolds into a 12-well tissue culture plate. Sterilize the gaskets and scaffolds using ultra violet irradiation for 30 minutes on each side of the scaffolds.  Then soak in a 20% antibiotic/antimycotic solution overnight at 4 °C.
3.2.1. (FROM 3.3.2) CU: Talent places scaffold into a 12-well dish 
3.2.2. MED: Talent turns on the UV irradiation with scaffolds laid out under the light.

3.2.3. CU: Talent places scaffolds into antibiotic solution.
3.3. The next day, wash scaffolds with PBS 3 times, and store the scaffolds in PBS at 4 °C until they are used. 
3.3.1. CU: Talent rinses the scaffolds in PBS.

3.3.2. MED: Talent places plate at 4 °C.
4. Seeding of Fibroblasts and Epithelial Cells onto Biphasic Scaffolds and Airway Smooth Muscle onto Aligned Scaffolds
4.1. Transfer the biphasic scaffolds from the PBS into a fresh 12 well plate and warm them in DMEM media supplemented with 10% FCS for 1 hour at 37 °C.
4.1.1. CU: Talent transfers the scaffolds into media
4.2. Remove the DMEM-supplemented media and place the microfiber phase of the scaffolds apically. Seed 15,000 MRC5 fibroblast cells in 30 µL of DMEM-supplemented media onto each scaffold.  [Two takes for alternate pronunciations of “apically”]
4.2.1. ECU: Talent orients the scaffolds

4.2.2. CU: Talent seeds scaffolds
4.3. To help the fibroblasts penetrate into the scaffold, set the plate onto an orbital shaker and agitate the scaffolds at 100 rpm for 2 hours. Then add 2mL of DMEM supplemented media to each scaffold and incubate the scaffolds overnight at 37 °C with 5% CO2. 
4.3.1. MED: Talent places plate/s onto an orbital shaker.

4.3.2.   A)  MED: Talent removes plate from shaker and adds media to the scaffolds

  B)  MED: Talent puts plate on shelf in incubator.

4.4. The next day, remove the media from the wells and turn the scaffolds over so that the nano-fiber phase of the scaffolds faces apically. Then, seed 30,000 CALU3 epithelial cells in 30 µL of DMEM–F12 media supplemented with 10% FCS onto the nanofiber phase of the scaffold.  [Two takes for alternate pronunciations of “apically”]
4.4.1.  A) 
CU: Talent removes media from scaffolds

B)
CU: Talent turns over a scaffold and seeds cells onto the new side, then repeats with a 2nd scaffold.

4.5. Incubate the scaffold for 2 hours at 37 °C and 5% CO2 before submerging the scaffolds in a 70:30 mixture of DMEM-F12 and DMEM supplemented media and continuing with static incubation for an additional 12 hours.
4.5.1.  A) MED: Talent removes plate from the incubator,
 B) adds media to the scaffolds, covers the plate,
 C) and places it back in the incubator.
4.6. To culture the airway smooth muscle cells, firstly transfer the aligned scaffolds from the PBS into a fresh 12 well plate and warm them in DMEM supplemented media for 1 hour at 37 °C.

4.6.1. CU: Talent transfers scaffolds from PBS into DMEM

4.6.2. MED: Talent places plate in incubator.
4.7. Remove the DMEM supplemented media and add 25,000 airway smooth muscle cells in 30 µL of DMEM supplemented media to each scaffold and incubate them for 2 hours at 37 °C and 5% CO2.
4.7.1. CU: Talent removes media and seeds scaffolds with cells.
4.7.2. MED: Talent covers plate and places it in the incubator.

4.8. Once attached, submerge the scaffolds in DMEM supplemented media, return them to the incubator, and leave them overnight before setting up a tri-culture in the bioreactor.
4.8.1. CU: Talent adds additional media to scaffolds.

4.8.2. MED: Talent again covers the plate and places it in the incubator.
5. Tri-culture using a Bioreactor System
5.1. The next day, place the biphasic seeded scaffold into the bioreactor chamber with the epithelial phase facing up into the chamber.  Then, place the aligned scaffold underneath the biphasic scaffold so that it is adjacent to the microfiber phase of the biphasic scaffold. 

5.1.1. CU: Talent assembles the scaffolds in the bioreactor as described above.

5.2. Lock the two chambers of the bioreactor together.  Then, assemble two perfusion flow circuits within an incubator as described in the accompanying text protocol and pump media around the two circuits at approximately 0.1 mL/minute using a peristaltic pump. 
5.2.1. CU: Talent locks the chambers together.

5.2.2. A) MED over the shoulder: Talent sets up dual perfusion circuits in hood and transports them to the incubator.
B) MED: Talent attaches perfusion circuits to peristaltic pump and starts pump

5.3. After one week, remove the media from the apical chamber, and culture the epithelial cells at the air liquid interface for an additional week before analysis. [Two takes for alternate pronunciations of “apical”]
5.3.1. CU: Talent removes media from the apical chamber.

5.3.2. MED: Talent places bioreactor back into the incubator setup.

6. Results: Tri-Culture Cells Continue to Produce Cell Type Specific Proteins
6.1. After 2 weeks in the bioreactor, the tri-culture scaffold shown here was fixed and sectioned to show cell nuclei distributed throughout all 3 layers of the construct. Cell nuclei were stained with DAPI and appear blue where the scaffold material appears grey.
6.1.1. Figure 8b. (Video Editor: Show the image without the circles.  Instead, with the word “distributed” point an arrow to the center of where the circles were and label the arrows with “Epithelial Mucosa” (red), “Fibroblast Sub-Mucosa” (green) and “Smooth Muscle Bundle” (yellow).)
6.2. Here are scanning electron microscope images of the electrospun nano-fiber, microfiber, and aligned scaffolds that were prepared for seeding epithelial cells, fibroblasts, and smooth muscle cells respectively.

6.2.1. Figure 6b-d (Video Editor: Show the scaffolds left to right. Above the scaffolds add the “Nano-fiber”, “Micro-fiber”, and “Aligned” label.)

6.2.2. Figure 6b-d (Video Editor: Add the label for “Epithelial Cells”, Fibroblasts”, and “Smooth Muscle” when mentioned.)

6.3. All three cell-types showed an increase in viability when cultured on their individual scaffolds over a 2 week period.  They each also continued to express cell-type specific proteins after the 2 week culture period.
6.3.1. Figure 6a (Video Editor: Add “AlamarBlue Cell Viability Assay” to the top/center of the graph.  Replace “ASM” with “Airway Smooth Muscle” in the figure legend and leave the rest as is.

6.3.2. Figure 6e-g (Video Editor: Display figures 6E-G each with 2 labels.  The type of staining (currently part of the image) and the type of scaffold/cell type label (currently to the left of the images.)) 
7. Conclusion (said by authors on camera) 
7.1. Gavin Morris: While attempting this procedure, it’s important to remember to research the native extracellular matrix you are trying to recreate as cells will behave differently when attaching to various 3D topographies, for example, epithelial cells will only form a functional barrier when cultured on nanofibers.

7.2. Felicity Rose: After watching this video, you should have a good understanding of how to build a multi-layered co-culture system which can be used for the study of intercellular interactions within a dynamic culture environment.   
7.3. Jack Bridge: Don't forget that it is important to tailor your electrospinning parameters such as flow rate and voltage to suit the polymer and solvent system that you intend to use whilst performing this procedure. This is crucial in generating the desired fibers.  
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.  

Insert your media filenames here.

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


