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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)____NO_____  (If you can record images/videos using your own camera/software, then mark No)   If yes, please list make and model of your microscope: ______________N/A_______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___NO___ 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. __3.4, 3.5, 3.6, 4.2, 4.5, 4.6_____________

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._3.4 (loading blood) or 3.6 (gentle PBS wash)__________________________

E.  Will the filming need to take place in multiple locations? (Y/N) __YES_____ If yes, how far apart are the locations? ____SEPARATE ROOMS IN THE SAME LAB. A FEW YARDS AWAY FROM EACH OTHER_______________________________________________

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 assess the biocompatibility of polymers modified with recombinant C-D-47 by using the chandler loop model of blood perfusion. (Intro)
This is achieved by first modifying polymers with recombinant CD-47 using photoactivation chemistry. (P1)
Editors, please show a modification of figure 1 as this point is narrated.  Please start with the image of recombinant lysine tagged CD47 conjugated with SMCC as shown in the left hand side of figure 1.  Then have the chemical combine with the thiolated synthetic surface to result in the right-most figure of the CD47-modified synthetic surface.
As a second step, modified polymers are exposed to human blood in the chandler loop to mimic blood perfusion over implanted materials. (P2)  

Editors, please show figure 2_noABC_labels as this point is narrated.  
Next, attached cells are fixed and stained to count the number of adhered cells as a measure of biocompatibility. (P3)
Editors, please show figure 4A_noA_label as this point is narrated.  

The results show that recombinant CD47 promotes the biocompatibility of polymers and decreases the foreign body rejection based on the observation that significantly less cells adhere to recombinant CD47-modified polymers compared to unmodified polymers. (P4)
Editors, please show figure 4B_noB_label as this point is narrated.  Please highlight the recCD47 bar as “recombinant CD47-modified polymers” is narrated and the unmodified bar as “compared to unmodified polymers” is narrated.    

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).   
Editors, the authors did not provide a graphic for the schematic overview, so please see instructions above and use already existing media.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Stan:  This method can help answer key questions in the biomaterials field, such as how to prevent the rejection of implantable medical devices. 
1.1.1. MED:  Stan speaks toward camera, interview style.
1.2. Josh:  The implications of this technique extend toward preventing implantable device failure because recombinant CD47 shows promise at promoting biocompatibility and prevention of foreign body rejection.  
1.2.1. MED:  Josh speaks toward camera, interview style.
Protocol (read by voice talent at JoVE):

2. Modifying Polymeric Surfaces with recCD47
2.1. To generate thiol-reactive polymeric surfaces and thiol-reactive recombinant C-D-47, first cut polymeric tubing into 40 cm long pieces, which is long enough to fit around the rotating wheels.
2.1.1. MED:  Talent cuts polymeric tubing into 40 cm long pieces.  Match action in next shot.
2.1.2. CU:  Polymeric tubing as talent cuts into 40 cm long pieces.
2.2. Soak tubes in a 0.1% aqueous solution of hexacylpyridinium for 90 minutes at room temperature on the Chandler Loop Apparatus.  Rinse the tubes with sterile water three times after the 90 minute soak.  
2.2.1. MED-over the shoulder:  Talent soaks the tubes in a labeled container of 0.1% aqueous solution of hexacylpyridinium on the chandler loop apparatus.
2.2.2. CU:  Tubes as talent rinses them with sterile water on the apparatus.
2.3. Acidify a previously prepared solution of pyridyl di-thiol benzone-phenone by adding 15% aqueous potassium phosphate monobasic.  Add 50 µl of potassium phosphate monobasic per ml of the prepared solution, forming a cloudy micellar solution.
2.3.1. MED: Talent begins to add 15% aqueous potassium phosphate monobasic to the prepared solution of pyridyl di-thiol benzone phenone.  Use labeled containers.  TEXT overlay:  see text protocol for PDT-BzPh preparation
2.3.2. CU:  Container of PDT-BzPh as talent continues to add the potassium phosphate monobasic and the solution turns to a cloudy micellular solution.
2.4. Soak the tubes in the acidified solution for 40 minutes at room temperature on the apparatus.  Then, rinse the tubes with dilute acetic acid once.
2.4.1. MED-over the shoulder:  Talent soaks the tubes in the acidified PDT-BzPh on the apparatus.
2.4.2. CU:  Tubes as talent rinses them with dilute acetic acid.
2.5. Next, expose the tubes to ultraviolet irradiation for a total duration of 60 minutes.  Rotate the tubes one quarter turn every 15 minutes to irradiate the entire surface area.
2.5.1. MED-over the shoulder:  Talent places the tubes under a UV light.
2.5.2. CU:  Tubes under the UV light as talent rotates the a quarter turn.  (or do this with light turned off and then turn it back on) ( procedure performed as highlighted in yellow
2.6. Following UV irradiation, soak the tubes in a solution of 20 mg/ml potassium bicarbonate for 20 minutes at room temperature on the apparatus.  Rinse the tubes with sterile water three times and store at 4 °C in sterile water.
2.6.1. MED-over the shoulder:  Talent places the tubes of the apparatus to soak in potassium bicarbonate.  Match action in next shot.
2.6.2. CU:  Apparatus as talent places the tubes of the apparatus to soak in potassium bicarbonate.  
2.6.3. MED:  Talent rinses the tubes with sterile water three times.
2.7. The next day, dissolve 5 mg of Sulfo-S-M-C-C in 200 µl of Dimethylformamide.  Add 50 µl of the Sulfo-SMCC solution to 0.1 mg/ml of recombinant C-D-47 poly-lysine solution, and stir for 60 minutes at room temperature.
2.7.1. MED-over the shoulder:  Talent dissolves 5 mg Sulfo-S-M-C-C in 200 µl Dimethylformamide.  
2.7.2. CU:  Labeled recCD47 poly-lysine solution as talent pipettes 50 µl of the Sulfo-SMCC solution there and then starts to stir.
2.8. During the 60 minute stir, degas sterile Dulbecco’s Phosphate Buffered Saline, or DPBS, and set it aside.
2.8.1. MED:  Talent turns on the vacuum for a labeled container of DPBS to degas. Sample was placed on lyophilizer to degas the DPBS. Machine was already turned on because it requires significant start up time. 
2.9. Purify Sulfo-SMCC reacted recombinant CD47 using a 7,000 molecular weight cut-off spin desalting column per the manufacturer’s instructions.  Collect the final flow-through, which is the high-quality thiol-reactive recombinant CD47 and dilute to a volume necessary to coat the interior of the tubes with DPBS.
2.9.1. MED-over the shoulder:  Talent pours the Sulfo-SMCC reacted recombinant CD47 over the column. Purified recombinant CD47 is then diluted to a volume necessary to coat the interior of the tubes with DPBS. 
2.9.2. CU:  Bottom of column as the final flow-through drips out and is collected in a tube. 
2.10. Then, rinse the tubes with sterile, degassed DPBS three times.
2.10.1. MED:  Talent rinses the tubes with DPBS three times.
2.11. React the modified surface of the tubes with a solution of 20 mg/ml of T-C-E-P in degassed DPBS for less than 2 minutes.  
2.11.1. CU:  Tubes as talent applies the TECP in DPBS to the modified surface.  TEXT overlay:  TCEP: tris(2-carboxyethyl) phosphine hydrochloride
2.12. After rinsing the tubes with sterile degassed DPBS four times, add the Sulfo-SMCC-reacted recombinant CD47 to the tubes and incubate overnight at 4 °C on the apparatus.
2.12.1. MED:  Talent adds the Sulfo-SMCC-reacted recombinant CD47 to the tubes.
2.12.2. MED-over the shoulder:  Talent leaves the tubes to incubate overnight. 
3. Immunoassay Quantification of recCD47 on Modified Surfaces
3.1. For immunoassay quantification, first rinse modified tubes to be quantified with DPBS three times.  Use a 4 mm biopsy punch to make duplicate tube samples and place the biopsy punches in the wells of a 96-well plate.
3.1.1. MED:  Talent rinses the modified tubes with DPBS from a labeled container.
3.1.2. MED-over the shoulder:  Talent punches out a tube sample with a 4 mm biopsy punch.
3.2. Designate a negative control consisting of an unmodified tube sample that will not be treated with the detection antibody.  Also prepare an antibody control consisting of an unmodified tube sample that will treated with the detection antibody.  Finally, prepare the modified tubing test samples to be treated with the detection antibody.
3.2.1. CU:  Talent places unmodified tube samples for the negative control into the wells.  TEXT overlay:  Negative control
3.2.2. MED-over the shoulder:  Talent prepares the unmodified tube punches for the antibody control.  TEXT overlay:  Antibody control  
3.2.3. CU:  Talent prepares the test samples by placing the modified tube test samples into the wells.
3.3. Next, block the samples with 0.4% bovine serum albumin, or BSA, in DPBS for 60 minutes at room temperature on a shaker. 
3.3.1. MED-over the shoulder:  Talent leaves the plate of blocked samples on the shaker to incubate.
3.4. After blocking, aspirate BSA and rinse with tris-buffered saline plus 1% Tween-20, or TBST, three times for 10 minutes each on a shaker. 
3.4.1. CU:  96-well plate as talent aspirates BSA and adds 1%TBST
3.4.2. MED:  Talent leaves the sample on the shaker.  TEXT overlay:  rinse 3x 10min
3.5. Prepare a working dilution of antibody in 0.4% BSA according to the manufacturer’s recommended dilution for immunoassays.  In this assay, human C-D-47 Antibody B-6-H-12-FITC (pronounce “fit-see”) is diluted 1 to 100 in 0.4% BSA.
3.5.1. CU:  Labeled tube as talent dilutes human CD47 antibody B6H12-FITC 1:100 in BSA.  Match action in next shot.
3.5.2. MED-over the shoulder:  Talent dilutes human CD47 antibody B6H12-FITC 1:100 in BSA.  
3.6. Add 200 µl of antibody dilution to the appropriate wells and incubate negative controls with 0.4% BSA only.  Incubate at room temperature for 60 minutes on a shaker, protected from light.
3.6.1. CU:  96-well plate as talent adds 200 µl of antibody dilution to the appropriate wells and BSA to the control wells.  
3.6.2. MED-over the shoulder:  Talent leaves the plate wrapped in foil on the shaker to incubate.
3.7. After rinsing the samples with TBST three times for 10 minutes each on a shaker, aspirate the TBST rinse and add 200 µl of DPBS to the sample wells.
3.7.1. CU:  96-well plate as talent aspirates the last TBST rinse and adds 200 µl DPBS to tube sample wells.
3.8. Next, prepare a standard curve of antibody in DPBS as detailed in the text protocol, including a DPBS blank.  Then, add 200 µl of the prepared standards to wells of a 96-well plate, in duplicate. 
3.8.1. MED:  Talent uses volumetric flasks (or whatever vessels are normally used to make dilutions) to prepare serial dilutions of antibody in DPBS.
3.8.2. CU:  96-well plate as talent adds 200 µl of standards to wells of a 96 well plate, in duplicate.
3.9. Read FITC signal intensity using a microplate reader with FITC excitation and emission settings.
3.9.1. MED-over the shoulder:  Talent sets the microplate reader to excite at 485 nm and to collect emission at 538 nm.
3.10. Finally, calculate the recombinant CD47 bound to polymeric surface based on standard values, accounting for auto-fluorescence and non-specific binding from the antibody control sample.
3.10.1. MED:  Talent works at computer to analyze the amount of recCD47 bound.
4. Chandler Loop Apparatus Protocol
4.1. Fill the Chandler loop apparatus water bath with distilled water until approximately 1/2 of the diameter wheels are submerged.  Add enough bleach to the water bath to make a 10% bleach solution.  Set the water bath to 37 °C and allow the temperature to equilibrate. 
4.1.1. CU:  Chandler apparatus as talent fills the water until approximately 1/2 of the diameter wheels are submerged.
4.1.2. MED-over the shoulder:  Talent adds bleach to the water to make a 10% solution.
4.1.3. CU:  Temperature dial on the apparatus as talent moves to 37 °C.
4.2. Gather metal adapters, unmodified tubing and modified tubing, and assemble around the apparatus wheels.  Ensure that the tubing fits snuggly around the wheel with the metal adapter in place.
4.2.1. MED-over the shoulder:  Talent begins to assemble metal adaptors and tubing around the apparatus wheel.  Continue action in next shot.
4.2.2. CU:  Talent ensures the tubing fits snuggle around the wheel with the metal adaptor in place.
4.3. Obtain a 30 ml blood sample using an Institutional Review Board-approved protocol, in a vial prefilled with 2ml of citrate or other anticoagulant.  Mix by inversion to prevent clotting once the specimen has been collected. 
4.3.1. MED:  Talent approaches the apparatus with a rack of blood samples.
4.3.2. CU:  Vial of blood as talent mixes by inversion.
4.4. Add approximately 10 ml of blood to each tube using the metal valve and syringe, leaving some air in the tube.  Secure the valve cap and rotate for 3 hours.  
4.4.1. MED-over the shoulder:  Talent begins to add 10 ml of blood to one of the tubes.  Continue action in next shot.
4.4.2. CU:  Tube as talent adds 10 ml of blood using the metal valve and syringe and leaving some air in the tube.
4.4.3. MED-over the shoulder:  Talent secures the valve cap and starts rotation.
4.5. After 3 hours, drain the blood into a waste beaker treated with a 10% bleach solution.  Gently rinse the tubing interior with DPBS to remove all traces of blood.  Collect flow-through in the waste beaker and dispose of blood in accordance with institutional policy.
4.5.1. CU:  Tubes as the blood is drained into a labeled waste beaker with 10% bleach.
4.5.2. MED-over the shoulder:  Talent gently rinses the tubing interior with DPBS, collecting flow-through in the waste beaker.
4.6. Disinfect the apparatus and any blood contacting surfaces using a 10% bleach solution or according to institutional policy.
4.6.1. MED:  Talent disinfects the apparatus with the labeled bleach solution.
4.7. Finally, process samples for fluorescent microscopy or scanning electron microscopy as described in the text protocol. 
4.7.1. MED:  Talent works at the microscope to process the samples.
5. Results: Analysis of recCD47-modified polyurethane
5.1. Antibodies directed against the external Ig domain of CD47 were used to quantify the amount of recCD47 (pronounced as “recombinant C-D-47”) bound to polyurethane films. 
5.1.1. LAB MEDIA:  Figure 3_noAB_label – Authors, please provide a version of figure 3 with not A or B label.
5.2. Significant FITC staining is visible for recCD47, using a FITC-conjugated antibody to the extracellular Ig domain of CD47… which is localized specifically to the film as shown by differential interference contrast imaging.  These results demonstrate that recCD47 can be covalently attached to polyurethane films. 
5.2.1. LAB MEDIA:  Figure 3_noAB_label.  Editors, please highlight the top two panels representing the FITC images as the first part of the first sentence is narrated.  Then highlight the bottom two panels representing the DIC images as the second part of the first sentence is narrated.
5.3. Cell attachment to the tubing was assessed via DAPI staining.  Cell counts obtained through DAPI staining demonstrate that appended recCD47 significantly inhibits cell attachment… as compared to unmodified surfaces. 
5.3.1. LAB MEDIA:  Figure 4_noAB_label. – Authors, please provide a version of figure 4 with not A or B label.  Editors, please highlight the right-most bar labeled “recCD47” as the first part of the second sentence is narrated.  Then highlight the left-most bar labeled “unmodified” as the second part of the second sentence is narrated.
5.4. Scanning electron microscopy demonstrated similar levels of cell attachment to unmodified and recCD47 modified surfaces as determined by DAPI cell counts.  These data indicate that appendage of recCD47, using the protocol described herein, significantly inhibits inflammatory cell attachment in an ex vivo model of blood perfusion. 
5.4.1. LAB MEDIA:  Figure 5.  
6. Conclusion (said by authors on camera)
6.1. Stan:  After its development, this technique paved the way for researchers in the field of biomaterials to explore the biocompatibility of implantable polymers in an ex vivo setting of human blood perfusion.  
6.1.1. MED:  Stan speaks toward camera, interview style.
6.2. Josh:  After watching this video, you should have a good understanding of how to assess the biocompatibility of polymers using the chandler loop apparatus.
6.2.1. MED:  Josh 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, .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.
To be used in schematic:

Figure 1

Figure 2_noABC_labels – Authors, please provide a version of figure 2 with no A, B, or C labels.
4A_noA_label – Authors, please provide a version of figure 4 with no A label.
4B_noB_label – Authors, please provide a version of figure 4 with no B label.
To be used in results:

Figure 3_noAB_label – Authors, please provide a version of figure 3 with no A or B label.

Figure 4_noAB_label. – Authors, please provide a version of figure 4 with no A or B label

Figure 5

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


