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Authors, please fill out the brief questionnaire below.   

A. Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___N______ If yes, please list make and model of your microscope: ______________________________
**Note:  This question is to get at whether or not you will need a camera hook-up to look into the microscope.  However, if your microscope has a digital camera attached to a computer, you can gather these shots by collecting screen capture movies.  
Does your protocol include microscopy steps that are visualized through a microscope with a digital camera/computer attached? (Y/N) __N_____ 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__2.7, 2.11, 3.1, 3.10, 4.3________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The separation of the mold in frozen state. Care must be taken to decrease the contact of the frozen polymer solution with the help of a scalpel.______________________________

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 modify metallic implants at multiple length scales to control cell behavior in vitro and in vivo. (Intro)

This is accomplished by first producing a pore size gradient within 3 dimensional tubular implants by a freeze-extraction method. (P1, start with the small image in the upper left (make it larger). Have the 1st (upper left) box of ovals come out of that tube. Then show the upper middle image with the up-arrow and the “Macro to Micro Porosity Gradient” text.)

The second step is to develop nanofibrillar basement membrane mimics based on Collagen and Alginate by layer by layer methodology. (P2, the middle left image becomes the lower left image (the white bar is added across the top)

Next, an indirect method to monitor such implants following implantation using blood plasma analysis HPLC and subsequent peptide sequencing is demonstrated. (P3, show the lower middle image.)

Ultimately, an implant where different areas can accommodate different cell types, as necessary for some multicellular tissues, can be obtained.  (P4, figure 4A)


[image: ]
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).   


B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Nihal Engin Vrana:  Though this method can provide a way to modify metallic implants, it can also be applied to 3D cell culture model systems, such as multicellular artificial tissue and disease models.
1.1.1. MED:  Nihal speaks toward camera, interview style.
1.2. Philippe Lavale:  We first had the idea for this method when we were trying to find a technique to control cell movement around porous titanium implants in vivo.
1.2.1. MED:  Philippe speaks toward camera, interview style.
1.3. ** Philippe Lavalle:  Demonstrating the procedure will be Christophe Chaubaroux… and Elisabeth Rieger… two grad students from my laboratory. 
1.3.1. MED:  Philippe speaks toward camera, interview style.
1.3.2. MED:  Christophe looks up from work area and acknowledges camera.
1.3.3. MED:  Elisabeth looks up from work area and acknowledges camera.


Protocol (read by voice talent at JoVE):
2. Preparation of micropore gradients in macroporous metallic implants
2.1. To begin this procedure, clean the implants, and design and manufacture Teflon molds as described in the written text.
2.1.1. CU:  Scan cleaned implants and prepares Teflon molds displayed on bench.
2.2. For freezing and extraction, prepare the synthetic polymer PLLA (pronounced as letters “P-L-L-A”) solution in a binary mixture of dioxane and water by introducing the polymer powder into the organic solvent on a magnetic stirrer. 
2.2.1. MED:  Talent pours a measured amount of PLLA into a stirring solution of dioxane and water.  Match action in next shot.
2.2.2. CU:  Stirring container of dioxane and water as talent pours the PLLA into the solution.
2.3. Heat the mixture to 60 °C in order to obtain a homogenous solution.  This temperature is selected because it is the higher limit of the temperature resistance for the precision glass syringes to be used for the introduction of the solution into the implants. 
2.3.1. MED-over the shoulder:  Talent turns the heat up and inserts a thermometer into the solution.
2.3.2. CU:  Stirring container of PLLA solution with thermometer reading at 60 °C. 
2.4. Meanwhile, calculate of the volume of the necessary polymer solution with respect to the porosity of the implant, taking into account change in the volume of the frozen solution.
2.4.1. MED-over the shoulder or CU:  Lab notebook as talent calculates the volume of the necessary polymer solution with respect to the porosity of the implant, taking into account change in the volume of the frozen solution.
2.5. Next, introduce the solution into the implants using precision glass syringes with 0.1 µL accuracy.  The lower limit for the polymer concentration is 3% for reproducible pore gradient formation whereas it becomes hard to obtain homogenous distribution in the thick samples above 6%.  
2.5.1. MED-over the shoulder:  Talent prepares to introduce the solution into the implants using a precision glass syringe with 0.1 µL accuracy.
2.5.2. CU:  Implants as talent introduces the solution into the implants using a precision glass syringe with 0.1 µL accuracy. 
2.6. Freeze the samples either directly at minus 80 °C or with a prior incubation period of 30 minutes at room temperature.  Freezing conditions determine partially the pore formation, thus the freezing conditions can be adjusted according to the porosity aimed.  Keep the samples overnight at minus 80 °C.
2.6.1. MED or WIDE:  Talent opens the minus 80 °C and prepares to place the samples inside.
2.6.2. CU:  Minus 80 °C as the samples are placed inside.  
2.7. Talent:  The separation of the mold in the frozen state is a very difficult step.  Care must be taken to decrease the contact of the frozen polymer solution with the help of a scalpel.
2.7.1. MED:  Talent speaks toward camera, interview style.
2.8. Immerse the implants in 80% pre-chilled ethanol.  To obtain porosity gradients, use a pre-chilled scalpel to remove all the mold parts except the mandrel for the tubular implants, and all the parts except the bottom part for disk shaped implants.  Carry out the extraction at minus 20 °C overnight.
2.8.1. MED-over the shoulder:  Talent immerses the implants in 80% pre-chilled ethanol.
2.8.2. CU or ECU:  Mold as talent uses a pre-chilled scalpel to removes the appropriate mold parts depending of the implant used for demonstration.  
2.8.3. MED or MED-over the shoulder:  Talent places the implant and remaining mold into the freezer (minus 20).
2.9. After extraction, remove the remaining mold parts and air dry the implants.  For characterization of the overall porosity of the structure, mercury porosimeter analysis is necessary.  
2.9.1. CU:  Implant as talent removes all remaining mold parts.
2.9.2. MED-over the shoulder:  Talent leaves the implants to air dry.
2.10. In this example, mercury porosimeter measurements show distinct peaks that correspond to the pores on both sides of the implant and the smaller interdispersed pores.
2.10.1. LAB MEDIA:  50533_Lavalle_MercuryPorResults (Mercury Porosimetry Curve corresponding to the pore gradient) - Authors, please provide.
2.11. However the more crucial data is the difference between the porosities of intraluminal and extraluminal surfaces, which can be analyzed by Image J for pore size distribution following freeze-fracture of the samples by observing the cross-section with a scanning electron microscope.
2.11.1. 50533_Lavalle_ SEMResults.tif (SEM images of the samples with different porosities and their Image J analysis examples) - Authors, please provide.
2.12. Due to the open porous nature of the implants used, and the light reflecting capacity of Titanium, it is possible to do z-stacks of labeled cells within the porous implants.  Cells labeled with PKH26 or Calcein-AM (pronounced “P-K-H twenty six or Cal-sea-in A-M”) can be used to visualize the implants with confocal laser microscopy.
2.12.1. 50533_Lavalle_Confocal.tif- 3D render animations of PKH-26 marked cells on titanium implants - Authors, please provide.
3. Surface coating of porous metallic implants with Collagen/Alginate multilayers
3.1. For build-up of multilayers, highest reproducibility is obtained with dipping robots.  However, if a dipping robot is not available these steps can be done manually.  
3.1.1. BROLL or robot from 3.4.1
3.2. To prepare the collagen solution, use medical grade collagen type I and sodium alginate.  The optimized concentrations are 0.5 gram per liter for each in 150 mM sodium chloride, citrate buffer at pH 3.8.
3.2.1. MED-over the shoulder:  Talent adds pre-measured quantities of collagen type I and sodium alginate into the stirring citrate buffer.
3.3. Dissolve the collagen solution overnight to ensure the homogeneity of the solution.  Acidic pH of 3.8 is necessary for stable build-up of the layers as the structure is unstable before crosslinking in neutral pH. 
3.3.1. CU:  Stirring collagen solution as the additives begin to dissolve.  Ensure that the container is labeled with the contents of the solution and the pH.
3.4. Design a specific holder for utilization of the implants with dipping robots used in polyelectrolyte multilayer production.  
3.4.1. MED-over the shoulder or CU:  Talent preparea a specific holder for utilization of the implants with dipping robots used in polyelectrolyte multilayer production.    
3.5. Deposit the layers on the surface of either titanium only implants or implants modified as described in the text using a dipping robot system by first immersing the implants into an alginate solution for 15 minutes.  Then, rinse the structure with 150 mM sodium chloride at pH 3.8 for 5 minutes.  Follow with immersion into a collagen solution for 15 minutes.  
3.5.1. BROLL:  Multiple takes of dipping robot as it works.  With authors’ help, include and slate shots of when the robot 1) Immerses the implants into the alginate solution; 2) Rinses the structure with 150 mM sodium chloride at pH 3.8 and 3) Immerses the structure in collagen solution.  Editors, please use slated BROLL to correlate each step with the narration.  
3.6. To stabilize the basement membrane mimic, first prepare the crosslinking solution at 100 mM genipin in a DMSO/citrate buffer at a 1 to 4 volume, volume ratio.  Dissolve genipin in the DMSO component and then add the water component to avoid clumping.
3.6.1. MED-over the shoulder:  Talent adds a pre-measured amount of genipin to a container with stirring DMSO.  
3.6.2. CU:  Stirring DMSO after genipin as dissolved as talent pours the citrate buffer in.  Use labelled containers.
3.7. Crosslink the samples by the immersion in the crosslinking solution between 12 and 24 hours.  Afterwards rinse with copious amount of citrate buffer at pH 3.8. 
3.7.1. MED-over the shoulder:  Talent immerses the samples into the crosslinking solution.
3.7.2. CU:  Implant sample as talent rinses it with citrate buffer at pH 3.8.
3.8. After washing steps, sterilize the samples either with UV treatment for 30 minutes, or in an antibiotic/antifungal bath.  
3.8.1. MED:  Talent sterilizes the samples with UV treatment.
3.9. The main parameters that determine the quality of the basement membrane mimic are its thickness and the diameter of the fibers.  Calculate the fiber diameters using Atomic Force Microscopy, or AFM, images obtained in contact mode.  After drying the samples with a nitrogen flow before imaging, quantify the thickness of at least 10 fibers per image to determine the average fibril thickness with Image J software.  
3.9.1. MED:  Talent sitting at AFM microscope prepares to calculate the fiber diameters.
3.9.2. SCREEN:  Screen capture movie as talent quantifies the thickness of at least 10 fibers per image to determine the average fibril thickness with Image J software.  
3.10. Following drying of the Collagen/Alginate 24 bilayers –Collagen multilayer films, the thickness of the films can then be determined by scratch tests using AFM.  First, use a syringe needle to scratch the film.  
3.10.1. MED:  Talent dries the Collagen/Alginate 24 bilayers –Collagen multilayer films.
3.10.2. CU:  Film as talent uses a syringe to scratch the film.
3.11. After localization of the scratch with a light microscope, obtain images with AFM on 10x10 square µm surfaces at the boundary of the scratch.  Calculate the heights from the profiles obtained with the AFM software, which provides the thickness of the film layer.
3.11.1. SCREEN:  Screen capture movie as talent obtains images of the scratched film with AFM on 10x10 square µm surfaces at the boundary of the scratch.  
3.11.2. SCREEN:  Screen capture movie as talent calculates the heights from the profiles obtained with the AFM software.
4. Indirect monitoring of implant integration in vivo by analysis of blood plasma
4.1. After implanting the device into the trachea of the rabbits as described in the text, obtain blood samples from their auricular veins.  Centrifuge the samples at 5000 rpm for 20 minutes at 4°C.  Use the supernatant obtained for analysis.  
4.1.1. CU:  Scan blood samples from rabbits on lab bench.
4.1.2. MED:  Talent places the blood samples into the centrifuge and sets parameters.
4.1.3. CU or ECU:  Sample tube as talent removes the supernatant.
4.2. After extracting the rabbit plasma with 0.1% of trifluoroacetic acid, perform reverse phase HPLC purification of the plasma protein content by purifying the extract using a nucleosil reverse-phase 300-5C18-column (pronounced as “three hundred-five-C-eighteen-column”). 
4.2.1. MED:  Talent injects the sample onto the C18 column connected to the HPLC system.
4.3. Record the absorbance at 214 and 280 nm using the solvent system and flow rate found in the text protocol.  Collect the peak fractions before concentrating them through evaporation using speed-vacuum application.  It is important to stop the speed-vacuum before complete dryness. 
4.3.1. MED-over the shoulder or CU:  Screen on HPLC coupled computer showing the absorbance peaks at 214 and 280 nm as the sample comes off the column.
4.3.2. CU:  Fractionator as the liquid drips out into the collection tubes.
4.3.3. MED-over the shoulder:  Talent places the samples into the speed-vac and closes lid.
4.3.4. ECU:  Talent displays concentrated sample to the camera showing that it is not completely dry.
4.4. Correlate the peaks obtained at different time-points over the course of the implantation period.  Use the purified peptides that are showing consistent trends during the course of implantation for identification by automatic Edman sequencing.
4.4.1. MED-over the shoulder:  Talent correlates the peaks obtained at different time-points over the course of the implantation period.
4.4.2. MED:  Purified peptide samples as talent puts aside the ones to be identified by Edman sequencing.
4.5. Load the sample to polybrene-treated glass-fibre filters.  Determine the N-terminal sequence of the purified peptides by automatic Edman degradation using a Procise microsequencer.  
4.5.1. CU:  Talent loads the sample to polybrene-treated glass-fibre filters.
4.5.2. MED:  Talent uses a Procise microsequencer to analyze samples.
4.6. The next step is the identification of Phenylthiohydantoin-amino acids by chromatography on a C-eighteen column.  After the sequence is obtained, it can be identified by Blast software using SWISS-Prot database.
4.6.1. WIDE:  Talent working at the HPLC system.
4.6.2. MED-over the shoulder or CU:  Computer screen as talent uses Blast to identify sequence.
5. Results: Modification of porous metallic implants and analysis of blood plasma after implantation 
5.1. By changing the concentration of the PLLA solution, it is possible to control the size of the pores on the extraluminal side of the implants.  
5.1.1. LAB MEDIA:  Figure 1A-C - Authors, please provide a separate version of figure 1A, 1B, and 1C, omitting the A, B, and C label.  Editors, please zoom into the leftmost and middle panel as narrated and transition to figure 1A+1B.
5.2. Pore size and shape was significantly affected by the presence of titanium implants.  Pore sizes ranged from 40 to 100 µm, with utilization of lower concentrations resulting in smaller pores.  
5.2.1. LAB MEDIA:  Figure 1A+1B - Authors, please provide a separate version of figure 1A and 1B, omitting the A and B labels.
5.3. Whereas the intraluminal side pore size was governed by the restricted extraction and was around 9 µm less than the average size of fibroblasts.  By adding an incubation step at room temperature, double porous structures, where the pore walls of the bigger pores have their own porosity, can be obtained.  This feature is important for thick implants, as it would facilitate the gas and nutrient movement.
5.3.1. LAB MEDIA:  Figure 1A-C – Editors, please zoom into the rightmost panel as the first sentence is narrated and transition to figure 1C.
5.3.2. LAB MEDIA:  Figure 1C - Authors, please provide a separate version of figure 1C, omitting the C label.
5.4. After the pore gradient is formed, it is possible to add the Collagen/Alginate film layer on top of the structure.  This film layer is stable on top of the PLLA foam and it can also be maintained on the surface in the absence of the foam.
5.4.1. LAB MEDIA:  Figure 3A+3B - Authors, please provide a separate version of figure 3A and 3B, omitting the A and B labels.  Editors, please highlight the right panel as “stable on top of the PLLA foam” is narrated, and then highlight the left panel as “in the absence of the foam” is narrated.  
5.5. Nanoscale collagen fibers form as the film layer grows.
5.5.1. LAB MEDIA:  Figure 3C - Authors, please provide a separate version of figure 3C, omitting the C label.
5.6. The growth of the film is exponential, thus a thick film of several hundred nanometers can be obtained.
5.6.1. LAB MEDIA:  Figure 3D - Authors, please provide a separate version of figure 3D, omitting the D label and at higher resolution.
5.7. Porous titanium implants integrate with the host tissue and are completely filled between 4 and 6 weeks in vivo as shown in the explanted implant cross-sections.  The tissue within the pores is a mature connective tissue with a good level of vascularization.
5.7.1. LAB MEDIA:  Figure 4A.  Editors, please highlight the white “ti” letters throughout the tissue as the first sentence is narrated.  Then zoom into two of the black circles and transition to 4B. - Authors, please provide a separate version of figure 4A and omit the A label.
5.7.2. LAB MEDIA:  Figure 4B - Authors, please provide a separate version of figure 4B and omit the B label.
5.8. During this period HPLC analysis showed distinct peaks that fluctuate during the time course of implantation.  The peak fractions of interest were sequenced and determined to be alpha and beta haemoglobin ½ chains, which had shown a similar trend with C-Reactive Protein readings.
5.8.1. LAB MEDIA:  Figure 5 – Authors, please provide a higher resolution figure and also include labels for 3, 4, and 6 weeks on the corresponding chromatograms.

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



6. Conclusion (said by authors on camera)
6.1. Philippe Lavalle:  Once mastered, this technique can be done in one day if it is performed properly.
6.1.1. MED:  Philippe speaks toward camera, interview style.
6.2. Nihal Engin Vrana:  After watching this video, you should have a good understanding of how to produce 3D multiscale pore gradients for modification of metallic implants or for cell culture experiments.  Freeze-extraction and layer by layer film formation are simple methods to develop your own modified implants or microenvironments for cells.
6.2.1. MED:  Nihal speaks toward camera, interview style.

       

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.  

Insert your media filenames here.


JoVE scheme:  SchematicFig 

2.10- 50533_Lavalle_MercuryPorResults (Mercury Porosimetry Curve corresponding to the pore gradient) - Authors, please provide.

2.11- 50533_Lavalle_ SEMResults.tif (SEM images of the samples with different porosities and their Image J analysis examples) - Authors, please provide.

2.12- 50533_Lavalle_Confocal.tif- 3D render animations of PKH-26 marked cells on titanium implants - Authors, please provide.
Results Section 5:
Figure 1A-C - Authors, please provide a separate version of figure 1A, 1B, and 1C, omitting the A, B, and C label.  
Figure 1A+1B - Authors, please provide a separate version of figure 1A and 1B, omitting the A and B labels.
Figure 1C - Authors, please provide a separate version of figure 1C, omitting the C label.
Figure 3A+3B - Authors, please provide a separate version of figure 3A and 3B, omitting the A and B labels.  
Figure 3C - Authors, please provide a separate version of figure 3C, omitting the C label.
Figure 3D - Authors, please provide a separate version of figure 3D, omitting the D label and at higher resolution.
Figure 4A - Authors, please provide a separate version of figure 4A and omit the A label.
 Figure 4B - Authors, please provide a separate version of figure 4B and omit the B label.
Figure 5 – Authors, please provide a higher resolution figure and also include labels for 3, 4, and 6 weeks on the corresponding chromatograms.

SCREEN Capture Movies:
50533_Vrana_SCREEN_3.9.2:  Screen capture movie as talent quantifies the thickness of at least 10 fibers per image to determine the average fibril thickness with Image J software.  
50533_Vrana_SCREEN_3.11.1:  Screen capture movie as talent obtains images of the scratched film with AFM on 10x10 square µm surfaces at the boundary of the scratch.  
[bookmark: _GoBack]50533_Vrana_SCREEN_3.11.2:  Screen capture movie as talent calculates the heights from the profiles obtained with the AFM software.

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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