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A.  Will you require JoVE to record video microscopy through a microscope? N 
B.  Does your protocol include descriptions of software usage? N
C.  Which individual steps (not sections) of your protocol will viewers benefit most from having filmed? 2.1., 2.2., 3.6., 3.7. 3.10.-3.12., 4.6.-4.10., 4.12., 4.13.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The most difficult aspect of this procedure is seeding the cells into the kidneys, which is described in steps 3.8-3.10. To maintain sterility, the bioreactor is transferred to a biological safety cabinet, where the syringe (loaded with the cell suspension) is connected to the perfusion circuit via the three-way stopcock upstream from the renal artery leading into the organ. This must be performed quickly, but the system is designed to make transfer of the bioreactor between the incubator and safety cabinet very simple.
E. Will the filming need to take place in multiple locations? Y, two adjacent laboratories same floor (Tarry Research & Education Building, Rooms 11-718 and 11-724)
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 repopulate acellular, three-dimensional rodent kidney extracellular matrix scaffolds with human renal epithelial cells. (Intro) This is accomplished by first decellularizing a thawed rat kidney with a series of detergent solutions perfused through the renal artery over a period of 26 hours. (P1) The kidney is then sterilized, (P2) and the acellular renal extracellular matrix scaffolds are injected with 40 million human renal cortical tubular epithelial, or RCTE (Pronounce: R-C-T-E) cells, under continuous antegrade arterial perfusion within a custom-designed bioreactor system. (P3) Ultimately, the ability of the RCTE cells to repopulate the kidney scaffold can be assessed by resazurin (Pronounce: “ri-SA-zoo-rin” – SA pronounced like “sand”) perfusion assay (P4) and immunohistochemical analysis. (P5)
From Graphic overview, 03-31-15.tif
(P1) Show kidney (like top right colorful kidney), then have “detergent” enter cannlua (clear liquid accompanied by Triton X-100, SDS texts?) and have kidney fade to shades of grey (top right grey kidney)

(P2) Have different colored liquid enter cannula accompanied by “peracetic acid + ethanol” text [I agree that the liquid should be a different color to distinguish it from the detergents. But this solution (in reality) is clear, so you may want to use a light shade of blue or grey?]
(P3) have syringe with 3 way stopcock attach to cannula and administer cells/color back into kidney (like bottom left syringe/kidney graphic)
(P4) Authors: please provide Figure 3B without the “B” label
(P5) Figure 4 - Comparison of native, decellularized, and 7-day recellularized kidneys.tif

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Jason A. Wertheim: This 3D cell culture technique allows investigators to repopulate whole-organ extracellular matrix scaffolds. Cells are deposited within the peri-tubular space to evaluate the cell-matrix binding factors that influence cell growth, differentiation, and maturation.

1.2. Joseph S. Uzarski: The main advantage of this technique over alternative methods, like the fabrication of synthetic polymer scaffolds, is that the renal extracellular matrix facilitates the adhesion, proliferation, and maturation of the perfused cells within an intricate network of natural structural proteins, growth factors, and other biological components.   

Protocol (read by voice talent at JoVE):
2. Kidney decellularization
2.1. Begin the decellularization procedure by connecting the renal artery catheter of each thawed kidney to the end of the perfusion circuit tubing downstream from the pump [2.1.1.-WIDE], ensuring that no air bubbles are entrapped in the catheter [2.1.2.-MED/CU-TXT]. If air bubbles are present in the catheter, use a 200 ul micropipette to draw the bubbles out, and fill the catheter with fluid. [2.1.3-CU]
2.1.1. Few seconds at least one catheter being added to at least one piece of tubing
2.1.2. Shot of Talent checking catheter for air bubbles (TEXT: Perform decellularization @ RT) OR Shot of catheter without air bubbles (TEXT: Perform decellularization @ RT)
2.1.3. [added] demonstrating how to remove bubbles from the catheter.  
2.2. Suspend the kidney along the inner wall of an empty 5 liter beaker so that the renal artery is not kinked or coiled [2.2.1.-CU] and adjust the pump drive to 5 ml/min [2.2.2.-CU].
2.2.1. Shot of kidney in beaker/kidney being adjusted in beaker
2.2.2. Pump set at/being set at 5 ml/min 
2.3. Then press “Start” [2.3.1.-MED]. 
2.3.1. Talent pressing start
2.4. After confirming that each kidney is perfusing by observing the dripping of solutions from the bottom of the organ [2.4.1.-CU], flush each kidney with the appropriate solutions as designated in the flow chart [2.4.2.-LM-TXT].
2.4.1. Few seconds shot of solution(s) dripping from bottom of one kidney
2.4.2. Figure 1A (unlabeled).tif: please sequentially add/flash arrows or other appropriate animation (TEXT: See text for all media/reagent preparation details)
2.5. At the end of the perfusion, store the decellularized kidneys in PBS in a 50 ml conical tube at 4°C for a maximum of two weeks [2.5.1.-CU].
2.5.1. Kidney(s) being added to 50 ml tube
3. Perfusion bioreactor assembly, kidney sterilization and recellularization preparation
3.1. After assembling the perfusion circuit, remove the red screw cap on the bioreactor head [3.1.1.-WIDE] and pipette 50 ml of a 0.1% peracetic acid-4% ethanol solution into the medium reservoir through the opening [3.1.2.-MED].
3.1.1. Few seconds Talent removing screw cap

3.1.2. Talent adding acid/ethanol to reservoir

3.2. Using a large pump cartridge, connect the peristaltic pump tubing segment to the pump head [3.2.1.-CU]. 

3.2.1. Few seconds tubing segment being connected to pump head

3.3. Then adjust the flow rate to 5 ml/min [3.3.1.-MED], press “Start” [3.3.2.-MED], and allow the circuit to prime [3.3.3.-CU].
3.3.1. Talent adjusting flow rate

3.3.2. *Film as written

3.3.3. Few seconds circuit priming (e.g., solution moving through tubes or similar) 
3.4. When the liquid fills the perfusion line and reaches the remaining open port of the three-way stopcock [3.4.1.-CU], use a male Luer plug to plug the port [3.4.2.-CU].

3.4.1. Shot of liquid in perfusion line/at open port of 3 way stopcock (Videographer: combine 3.4.1. and 3.4.2. as appropriate)

3.4.2. Few seconds port being plugged (Videographer: combine 3.4.1. and 3.4.2. as appropriate)

3.5. Allow the circuit to fully prime until no air is observed in the perfusion circuit tubing [3.5.1.-CU] or on the inside of the inlet Luer acceptor [3.5.2.-CU-TXT]. Expel bubbles from the perfusion circuit by temporarily increasing the flow rate of the pump. [3.5.3-CU]
3.5.1. Shot of airless circuit tubing

3.5.2. Shot of airless acceptor (TEXT: Expel bubbles with temporary flow rate increase as necessary) 
3.5.3. [added] showing how to expel a bubble from the bioreactor

3.6. When the system is fully primed, stop the pump drive [3.6.1.-MED] and use sterilized 6” forceps to carefully plug the female Luer end of the renal artery catheter into the male inlet Luer acceptor on the inner surface of the bioreactor head [3.6.2.-CU], making sure that the connection is tight and that no air is left in the catheter [3.6.3.-MED].
3.6.1. *Film as written

3.6.2.  Few seconds female Luer being plugged into male acceptor

3.6.3. Few seconds Talent checking connection for tightness/bubbles
3.7. Allow the kidney to gently hang from the renal artery catheter so that the renal artery does not twist or kink [3.7.1.-CU].
3.7.1. Shot of kidney hanging without kinked catheter 

3.8. Then tighten the metallic clamp holding the bioreactor head and body together so that the bioreactor reservoir is tightly sealed [3.8.1.-CU] and close the screw cap [3.8.2.-MED].
3.8.1. Few seconds clamp being tightened

3.8.2. *Film as written

3.9. Now sterilize the kidneys with a room temperature perfusion of the peracetic acid-ethanol solution at 5 ml/min [3.9.1.-CU].

3.9.1. Few seconds kidneys being perfused

3.10. After 1 hour, stop the pump [3.10.1.-MED] and open the red screw cap [3.10.2.-MED]. 
3.10.1. *Film as written

3.10.2. *Film as written
3.11. Using a sterile Pasteur pipette, carefully aspirate all of the solution from the bioreactor reservoir [3.11.1.-CU-TXT].

3.11.1. Few seconds solution being aspirated (TEXT: Leave perfusion circuit fully primed)
3.12. Then pipette 50 ml of fresh PBS into the bioreactor reservoir [3.12.-1-MED], close the screw cap [3.12.2.-MED], and start the pump for three sequential 1 hour perfusions at room temperature at 5 ml/min [3.12.3.-MED].
3.12.1. *Film as written

3.12.2. *Film as written

3.12.3. Talent starting pump
3.13. After the final PBS rinse, aspirate the saline from the reservoir [3.13.1.-MED] and add 50 ml of medium to the reservoir [3.13.2.-MED-TXT].
3.13.1. Few seconds reservoir being rinsed

3.13.2. Medium being added to reservoir, with medium container label visible in frame if possible
3.14. With the screw cap closed, transfer the bioreactor with the attached perfusion circuit to a large-capacity incubator at 37°C and 5% CO2 [3.14.1.-MED-TXT].
3.14.1. Few seconds Talent placing equipment into incubator (TEXT: Transfer pump drive as necessary)
3.15. Then connect the bioreactor perfusion circuit to the pump [3.15.1.-MED] and perfuse the kidneys at 4 ml/min for at least 1 h prior to seeding [3.15.2.-CU].
3.15.1. *Film as written

3.15.2. Few seconds kidneys being perfused 

4. Kidney recellularization with renal cortical tubular epithelial cells and resazurin perfusion 
4.1. To recellularize the kidneys, collect a sufficient number of culture flasks for the desired seeding concentration [4.1.1.-WIDE-TXT].
4.1.1. Few seconds Talent carrying flasks to bench or removing flasks from incubator or similar (TEXT: e.g., 4x107 immortalized human RCTE cells/kidney)
4.2. Next, after aspirating the culture medium from each flask, use 10 ml of the appropriate cell dissociating enzyme to lift the renal cortical tubular epithelial cells from the flasks at 37°C [4.2.1.-MED].

4.2.1. Talent adding enzyme to at least one flask, with enzyme container label visible in frame if possible

4.3. After 10 minutes, begin checking the flasks on a phase contrast microscope every 2 minutes until full detachment is observed [4.3.1.-MED].
4.3.1. Few seconds Talent at microscope, checking at least one flask for detachment 

4.4. Then, after taking a small aliquot of cells for counting [4.4.1.-MED], dilute the dissociated cell suspension in an equal volume of pre-warmed medium [4.4.2.-MED], and centrifuge the cells [4.4.3.-MED-TXT].
4.4.1. Talent aspirating aliquot for counting

4.4.2. Few seconds Talent adding medium to cells, with medium container label visible in frame if possible

4.4.3. Talent placing tube(s) into centrifuge (TEXT: 5 min, 232 x g, RT)
4.5. Resuspend the pellet with an appropriate volume of culture medium to obtain a final concentration of 2x107 cells/ml [4.5.1.-CU], transfer 2 ml of the seeding suspension into a 35 mm culture dish, and then draw the 2 ml volume into a sterile 5 ml syringe [4.5.2.-CU].
4.5.1. Shot of pellet if visible, then few seconds pellet being resuspended

4.5.2. Few seconds cells being aspirated into syringe Note: we added this component (35 mm x 10 mm Easy Grip Culture Dish) to the Materials List.
4.6. Transfer the perfusion bioreactor to a biological safety cabinet [4.6.1.-MED] and turn the stopcock valve to close the flow to the seeding port [4.6.2.-CU].
4.6.1. Few seconds Talent placing equipment into hood

4.6.2. *Film as written 

4.7. Remove the male Luer slip plug from the stopcock [4.7.1.-CU] and connect the syringe [4.7.2.-CU].
4.7.1. *Film as written

4.7.2. *Film as written
4.8. Then quickly transfer the perfusion circuit back to the incubator [4.8.1.-CU] and use the large pump cartridge to secure the peristaltic pump tubing segment to the pump head [4.8.2.-CU].
4.8.1. Few seconds circuit being placed into incubator

4.8.2. Few seconds cartridge being secured to pump segment and pump head
4.9. To seed the cells, close the stopcock valve port pointing toward the pump [4.9.1.-CU] and slowly inject the cells into kidney [4.9.2.-CU-TXT].

4.9.1. *Film as written

4.9.2. Few seconds cells being injected (TEXT: Transfer entire suspension into stopcock/perfusion line)

4.10. Then turn the stopcock valve to close the flow from the syringe [4.10.1.-CU] and start the pump at 25 ml/min [4.10.2.-CU].
4.10.1. *Film as written

4.10.2. Pump being set/set at 25 ml/min
4.11. After 15 min, lower the pump flow rate to 4 ml/min [4.11.1.-CU], replacing the medium the following day and every two days thereafter [4.11.2.-MED].
4.11.1. Flow rate being set/set at 4 ml/min

4.11.2. Few seconds Talent adding medium, with medium container label visible in frame if possible

4.12. To assess the viability and proliferation of the cells, aseptically exchange the culture medium with 10 ml of resazurin working solution [4.12.1.-MED] for a 4 ml/min perfusion of the kidney scaffolds [4.12.2.-CU-TXT]. 

4.12.1. Few seconds Talent adding resazurin to reservoir

4.12.2. Few seconds kidneys being perfused with resazurin (TEXT: See text for resazurin reagent preparation) 

4.13. After exactly one hour, collect the conditioned and partially reduced resazurin solution [4.13.1.-CU] and perform another 4 ml/min perfusion with 100 ml of fresh culture medium [4.13.2.-MED-TXT].

4.13.1. Few seconds solution being collected

4.13.2. Talent placing circuit into incubator (TEXT: See text for resazurin spectrophotometry analysis details)

5. Results: Representative decellularized and recellularized kidneys
5.1. Kidneys [5.1.1.-LM] sequentially perfused with water [5.1.2.-LM] and dilute detergent solutions become progressively more transparent over a 26 hour period [5.1.3.-LM].

5.1.1. Figure 2A (unlabelled).tif: please add/highlight left/orange kidney

5.1.2. Figure 2A (unlabelled).tif: please add/highlight 2nd/H2O kidney 
5.1.3. Figure 2A (unlabelled).tif: please sequentially add/highlight 3rd, 4th and 5th kidneys
5.2. By the final detergent perfusion, the kidney’s vascular network, and in particular the interlobar vessels, are prominently displayed in the decellularized scaffold [5.2.1.-LM].

5.2.1. Figure 2B (unlabeled).tif: please highlight bottom row of images
5.3. The entire organ is cleared of native cells, leaving behind the intact basement membrane network of glomeruli (Pronounce: “glow-MARE-yoo-li”) [5.3.1.-LM], tubules and collecting ducts, and the extracellular matrix of decellularized blood vessels [5.3.2.-LM].

5.3.1. Figure 2C.tif: please highlight left bottom image

5.3.2. Figure 2C.tif: please highlight right bottom image
5.4. In addition to the larger vessels, the microvascular basement membranes within the glomeruli retain their structural integrity as well.

5.4.1. Figure 2C.tif: please outline/indicate central structure in bottom left image
5.5. RCTE cells seeded into the kidney scaffolds as just demonstrated home primarily to the cortical regions of the kidney, where they preferentially repopulate the periglomerular tubules [5.5.1.-LM]. Few cells embed within the glomeruli at day 1 post-seeding [5.5.2.-LM], and by day 7, the glomeruli are virtually devoid of cells [5.5.3.-LM]. 

5.5.1. Figure 3A (unlabeled).tif: please highlight the top row of images

5.5.2. Figure 3A (unlabeled).tif: please outline left top image

5.5.3. Figure 3A (unlabeled).tif: please outline right top image
5.6. While the majority of these cells occupy the cortical regions of the renal extracellular matrix, after 7 days of antegrade perfusion culture, many RCTE-lined tubules are present in the outer medullary [5.6.1.-LM] and papillary tubules and collecting ducts [5.6.2.-LM]. 
5.6.1. Figure 4 - Comparison of native, decellularized, and 7-day recellularized kidneys.tif: please highlight 2nd bottom image (transition:7 day recell)

5.6.2. Figure 4 - Comparison of native, decellularized, and 7-day recellularized kidneys.tif: please highlight 3rd bottom image (transition:papilla)

5.7. After RCTE cell repopulation and one week of perfusion culture, however, the transparency observed following decellularization [5.7.1.-LM] is lost, and the recellularized kidney appears opaque and closer in appearance to its native state [5.7.2.-LM].

5.7.1. Figure 4 - Comparison of native, decellularized, and 7-day recellularized kidneys.tif: please highlight/indicate middle 4th image (gross:decell)
5.7.2. Figure 4 - Comparison of native, decellularized, and 7-day recellularized kidneys.tif: please highlight/indicate bottom 4th image (gross:7 day recell)

6. Conclusion (said by authors on camera)
6.1. Joseph S. Uzarski: Following this procedure, other methods, like biochemical or immunocytochemical analysis of conditioned culture media, can be performed to answer additional questions, such as how do the metabolic or phenotypic states of these cells change within the renal extracellular matrix?
6.2. Jason A. Wertheim: The ability to develop acellular scaffolds and to add back donor cells to the matrix allows researchers to delineate cell growth and maturation in three dimensions within natural renal extracellular matrix scaffolds. The goal is to use this technology as a tool to better understand the mechanisms of renal repair and regeneration.

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.  

Graphic Overview, 03-31-15.tif
Figure 1A (unlabelled).tif

Figure 2A (unlabelled).tif

Figure 2B (unlabelled).tif

Figure 2C.tif

Figure 3A (unlabelled).tif
Figure 3B (unlabelled).tif

Figure 4 - Comparison of native, decellularized, and 7-day recellularized kidneys.tif
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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