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Authors, please fill out the brief questionnaire below. Make sure the step numbers reflect those in this document and not the submitted manuscript.
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark No)   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____ 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? Please list 4-6 steps using the step numbers listed in this document.  2.1, 4.6, 4.9, 5.2, 5.5, 5.6  
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 of this procedure involves proper cutting of the vascular muscular thin films (Steps 5.5-5.7). Practice to develop improved muscle memory and cleanness of cuts is necessary to ensure success. Use of high-quality razor blades also aids in achieving improved results with these steps.  
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.   
Procedural Narrative:
The overall goal of this procedure is to develop a robust in vitro model of smooth muscle contractile function that can be used to study the mechanisms of vascular dysfunctions, such as cerebral vasospasms, over disease-relevant time scales.  (Intro)
This is accomplished with long-term vascular muscular thin films by first preparing elastomer substrates by serially spin coating coverslips with a strip of PIPAAm followed by PDMS. (P1)
The second step is to use a microfluidic deposition device to serially deposit genipin, a low toxicity crosslinking agent, and fibronectin, a common extracellular matrix protein, providing guidance cues for tissue self-organization on vascular muscular thin films. (P2)
The final step is performing a contractility assay by cutting vascular muscular thin films, inducing contraction with endothelin-1 and relaxing contraction with the rho-kinase inhibitor HA-1077. (P3)
Ultimately, this approach yields tissues that maintain structural fidelity and functional contractility for up to two weeks in culture. (P4)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file). 
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LAB MEDIA: 52971_Alford_Procedural_Narrative_Graphic.ai 
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.
· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

Only one statement should be chosen and completed per author
1.1. Patrick W. Alford: The main advantage of this technique over existing methods, like microcontact printed muscular thin films, is that tissue integrity and functional contractility are maintained for weeks, where tissues constructed using previous methods begin to degrade after 3 to 4 days in culture
1.2. Kerianne E. Steucke: This method provides a platform for studying key questions in vascular disease, such as how the functional mechanics of arteries are altered during chronic disease progression.  

1.3. Jack A. Reeves: Here, we are studying vascular mechanics, but this method can be applied to other model organ systems, such as organ-on-a-chip technologies for recapitulating cardiac or skeletal muscle function.

1.4. Zaw Win: We first had the idea for this method when we aimed to study slow-developing vascular dysfunctions and found that current methods either could not be used to quantify vascular smooth muscle cell function or did not maintain integrity for a sufficient period of time.
1.5. Eric S. Hald: Genipin microfluidic deposition provides a template for cell self-organization in a way similar to that of microcontact printing, but also allows patterned tissues to maintain their structure and integrity for time-scales appropriate for studying vascular remodeling, which was not possible using previous muscular thin film approaches.
Protocol (read by voice talent at JoVE): 
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Poly(N-iso-propylacrylamide) Strip Coating of Coverslips
2.1. To begin, clean a batch of 25 mm diameter glass coverslips as described in the accompanying text protocol and then cover the edges of the cleaned coverslips by placing adhesive tape on the sides of the coverslips, leaving an exposed strip of glass in the center.
2.2. Next, cut the coverslips free from the dish and place them one at a time onto a spin-coater chuck using forceps.  Add 150 microliters of a 10% solution of poly(N-iso-propylacrylamide), also called poly-NIPAAm (pronounced “poly-nye-pam”) or PIPAAm (pronounced “pie-pam”), dissolved in 1-butanol. Be sure to completely cover the exposed area of the coverslip.  

2.3. Then, turn on the spin-coater and ramp the speed for 10 seconds to 3000 rpms, wait for 5 seconds and then ramp for 10 seconds to 6000 rpms.  Wait at 6000 rpms for 1 minute and then ramp back down to 3000 rpms over 10 seconds, holding it there for 5 seconds before turning it off.
2.4. Once dry, carefully remove the adhesive tape from all of the coverslips, leaving the full coverslip exposed with a thin layer of PIPAAm coating in the center of the glass coverslip.
2.5. Next, spin-coat a layer of degassed PDMS onto each coverslip and cure them in an oven at 90 °C for at least 1.5 hours.
3. Microfluidic Patterning for Engineering Tissues

3.1. Design a tissue microfluidic photomask and then prepare a patterned silicon wafer as described in the accompanying text protocol.  Once patterned, silanate the wafer using standard techniques and place it feature side up in a Petri dish.
3.2. Next, mix and degas 100 g of PDMS with a 10:1 base to crosslinker ratio. Pour the PDMS into the dish, completely and evenly covering the patterned wafer.

3.3. Place the dish in a vacuum desiccator, for approximately 30 min, until all air bubbles are removed. Then, cure the PDMS in the dish at 90 °C for at least 1.5 hours.  
3.4. Once cured, remove excess PDMS and slowly peel the remaining PDMS away from the patterned side of the wafer. Cut away the excess PDMS from around the patterns using a razor blade and shape the devices into rectangles to ease separation of the device in later steps.
3.5. Next, use a 1 mm surgical biopsy punch to form both the inlet and outlet holes. Sonicate microfluidic devices in 70% ethanol for at least 30 min prior to each use.
4. Microfluidic Device Preparation and Deposition of Genipin and Fibronectin
4.1. Place up to 10 vascular muscular thin film substrate coverslips in a ultra-violet ozone cleaner for 8 minutes.
4.2. Next, prepare a 5 mg/mL genipin solution by adding 1 mL of sterile double distilled water to a 5 mg container of lyophilized genipin. Mix the solution using a vortex-mixer and set the vial aside at room temperature for at least 30 minutes.  

4.3. Remove the treated coverslips, and place the cleaned microfluidic devices feature-side down onto each cover-slip one at a time. Press down firmly on the devices to ensure a tight seal to the PDMS-coated coverslips.

4.4. Quickly, place a drop of 70% ethanol at the inlet of each device for device priming. After 5 to 10 minutes, carefully aspirate the excess ethanol at the inlet and immediately replace it with ~100 μL PBS. (TEXT: Caution: From this point forward, do not allow the inlet to dry out) 
4.5. Place a vacuum aspirator tip at the outlet of each device. Use vacuum to draw PBS through devices to rinse away the ethanol.  Aspirate excess PBS so that only a small amount remains at the inlet.
4.6. Then, place 60 μL of the 5 mg/mL genipin solution at each inlet. Draw the genipin solution through the devices by placing a vacuum aspirator tip at the outlet. Stop the suction when only a small amount of solution remains at the inlet.

4.7. Next, place drops of PBS at both the inlet and outlet to prevent the solution from drying during incubation. Move the dish containing devices to a humidified oven or incubator set to 37 °C, and incubate for 4 hours.  

4.8. During incubation, resuspend fibronectin to a concentration of 50 μg/mL in sterile double distilled water and place it on ice for at least 30 minutes. 
4.9. After the incubation with genipin, aspirate all but a minimal amount of PBS at the device inlets.  Next, place 100 μL of 50 μg/mL fibronectin solution at each inlet, and draw the fibronectin solution through the devices using a vacuum aspirator tip at the outlet. 

4.10. Move the uncovered dish containing the devices to an oven or incubator set to 37 °C, and incubate for 24 h.   

5. Smooth Muscle Cell Seeding and vMTF Contractility Experiment

5.1. Following incubation, carefully remove the devices from the coverslips by slowly peeling the device at a corner, while lightly grasping the coverslip in opposite hand.  

5.2. Place the coverslips in sterile six-well dishes. Add at least 5 mL of penicillin/streptomycin solution to each well and then place the dishes in a sterile incubator at 37 °C for at least 30 minutes.
5.3. After sterilization, aspirate the penicillin/streptomycin solution, and seed the coverslips with cultured human umbilical artery vascular smooth muscle cells at a concentration of about 80,000 cells per cm2.  

Authors: How long are the samples in culture before they are called a “tissue sample”? They are allowed to attach and align overnight, thus they are called “tissue samples” at ~24h post-seeding.
5.4. Place a tissue sample in a 100 mm dish. Add sterile pre-warmed Tyrode’s solution at pH 7.4 to cover the sample and place the dish under a stereomicroscope.
5.5. Using a razor blade, make several parallel cuts perpendicular to the PIPAAm edge. Make cuts that yield wider tissue sections, about 2 mm thick, that will be the vascular muscular thin films alternating with thin strips. To make clean cuts, place a razor blade in contact with sample and firmly drag to the side. [5.5.1 – LM]
5.5.1. LAB MEDIA: 0312_Alford_Figure3a.ai
5.6. Then, rotate the dish 90° and make two straight, parallel cuts in the middle of the tissue, parallel to the strip of PIPAAm.  Note: order of cuts does not matter.
5.7. Remove the thin strips in between vascular muscular thin films to prevent adjacent films from making contact.

5.8. Next, place the dish in a temperature-controlled platform on the stereomicroscope stage and begin to capture time-lapse transmitted and fluorescent light images at desired intervals throughout treatment assay. 

5.9. Serially treat the vascular muscular thin films with 50 nM of endothelin-1 for 20 minutes to induce contractions followed by 100 µM of HA-1077 for 30 minutes to induce relaxation.  
6. Results: Retention of Native Tissue Structure and Function in Vascular Muscular Thin Films
6.1. Upon cooling below 32 °C, PIPAAm dissolves, releasing the vascular muscular thin films. Measurement of projection length can be converted to a radius of curvature which is used to calculate the average stress the cells apply to the film. [6.1.1 - LM]
6.1.1. LAB MEDIA: 52971_Alford_Figure3b.ai (Video Editor: If possible, recreate the image and with the word “releasing” have the brown layer curl up.  Then add the “projection length” and “radius of curvature” labels when mentioned.)
6.2. Shown here are sequential transmitted light images of a representative contractility assay.  [6.2.1 - LM] These images can be converted to stress values, from which the basal tone and induced contractility are calculated. [6.2.2 - LM]
6.2.1. LAB MEDIA: 52971_Alford_Figure3c.ai  

6.2.2. LAB MEDIA: 52971_Alford_Figure3d.ai (Video Editor: Add the labels for “basal tone” and “induced contractility” when mentioned)

6.3. In this video, a representative time lapse of a full contractility assay is shown. Muscular thin films reach contractile equilibrium, then contract further upon addition of 50 nM endothelin-1. Films relax after addition of 100 μM HA-1077. [6.3.1 – LM]
6.3.1. LAB MEDIA: 52971_Alford_Video1.avi

6.4. The slight drop in basal tone and tissue contractility at the end of the assay is likely the direct result of the reduced number of cells composing the tissue, since serum-starved vascular smooth muscle cells do not proliferate. [6.4.1 - LM]
6.4.1. LAB MEDIA: 52971_Alford_Figure3e.ai and 52971_Alford_Figure3f.ai (Video Editor: Add an arrow pointing to the 14-day time point with the words “end of assay”.)

6.5. Shown here are phase contrast images of smooth muscle cells grown on genipin modified surfaces at various sacrifice time points ranging from 1 day to 2 weeks. [6.5.1 - LM] 
6.5.1. LAB MEDIA: 52971_Alford_Figure 2a.ai (Video Editor: Remove the “A” label. Highlight the timepoints when mentioned. Add the text “200 µm” to the scale bar.)
6.6. Immunohistochemistry was used here to highlight the confluence and cellular alignment of the tissues by staining the f-actin filaments, colored green, following 1, 4, and 7 days of serum starvation.  [6.6.1 - LM]  Quantitative assessment of tissue confluence over this time range showed minimal deterioration on these surfaces. [6.6.2 - LM] The alignment of the f-actin filaments was quantified and it was confirmed that alignment was maintained over the 2 weeks in culture. [6.6.3 - LM]
6.6.1. LAB MEDIA: 52971_Alford_Figure 2b.ai (Video Editor: Add the text “100 µm” to the scale bars.)

6.6.2. LAB MEDIA: 52971_Alford_Figure 2c.ai
6.6.3. LAB MEDIA: 52971_Alford_Figure 2d.ai
INSTRUCTIONS FOR AUTHORS:
Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/video/1597/results-example-mably?access=ksw0bprj
7. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
7.1. Jack A. Reeves: Once mastered, this in vitro tissue fabrication technique can be done in two days.

7.2. Zaw Win: While attempting this procedure, it’s important to remember to start microfluidic deposition a day prior to anticipated cell seeding and to maintain a constant physiological temperature during thin film experiments.

7.3. Kerianne E. Steucke: Following this procedure, traditional biochemistry methods like PCR and Western blotting can be performed to study changes in protein and gene expression to correlate cell phenotype with functional behavior.
7.4. Eric S. Hald: This technique paves the way for researchers to explore progression of slow-developing vascular dysfunctions like cerebral vasospasm, hypertension, and atherosclerosis in in vitro models of the human arterial wall.
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.  

A. – 52971_Alford_Procedural_Narrative_Graphic.ai – graphic overview of procedural narrative

5.5 – 52971_Alford_Figure3a.ai – schematic of MTF cutting scheme

6.1 – 52971_Alford_Figure3b.ai – schematic of MTF projection length measurement and stress calculation
6.2 – 52971_Alford_Figure3c.ai – transmitted light images of a representative contractility assay
6.2 – 52971_Alford_Figure3d.ai – representative stress calculation for contractility assay
6.3 – 52971_Alford_Video1.avi – representative time lapse video of entire contractility assay
6.4 – 52971_Alford_Figure3e.ai – basal tone results
6.4 – 52971_Alford_Figure3f.ai – induced contractility results
6.5 – 52971_Alford_Figure2a.ai – temporal phase contrast images of tissues
6.6 – 52971_Alford_Figure2b.ai – representative immunohistochemistry images of tissues
6.6 – 52971_Alford_Figure2c.ai – temporal quantification of tissue confluence

6.6 – 52971_Alford_Figure2d.ai – temporal quantification of cellular alignment in tissues
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


