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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (Y/N) Y If yes, please list make and model of your microscope: Leica DM 100 and specify the steps by number/short description:  2.6
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: 2.6-2.8, 4.1 

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Cannulation at 2.6. Instructions for this are included in the discussion
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 create a natural acellular scaffold for intestinal tissue engineering. (Intro) This is accomplished by first cannulating a rat superior mesenteric artery, or SMA, and harvesting the small intestine along with the vascular access. (P1) In the second step, the intraluminal debris is washed out and the intraluminal and vascular cannulas are connected to a peristaltic pump. (P2) Next, the small intestine is perfused with deioinised water for 24 hours at 4°C. (P3) In the final step, the small intestine is perfused with sodium deoxycholate and DNase at room temperature. (P4) Ultimately, the complete decellularization of the small intestine as well as its architecture and components can be visualized by histology and electron microscopy respectively. (P5)
From 50658_schematic overview.pdf
(P1) with “cannulating .. rat” please middle left image of open rat, have green cannula follow dotted arrow path to black circle; with “rat … SMA” please highlight the “Superior mesenteric artery” text; with “harvesting .. access” please highlight “Small intestine” text and then “remove” small intestine graphic from rat

(P2) with “intraluminal .. washed out” please show 2.10.2. (feces being washed out); with “intraluminal .. pump” please show small intestine graphic from previous animation, then with “intraluminal” please have the intraluminal cannula attach to intestine and have “Intraluminal cannula” text appear”; with “vascular cannulas” please have the intravascular cannula attach to small intestine and have “intrascular cannula” text appear

(P3) please have intestine + cannulas move into petri dish, then have “water” and “Deionised water, 24 hours, 4°C” text appear and have color drain out of intestine so it turns from previous red/pink to light blue/purple of bottom right image
(P4) with “small.. deoxycholate” please have small intestine graphic turn from blue/purple to blue/yellow (like middle right graphic) and have “Sodium Deoxycholate, 4 hours, RT” text appear; with “DNase .. temperature” please have small intestine graphic turn from blue/yellow to bright blue/blue like top right graphic and have “DNase, 3 hours, RT” text appear
(P5) with “complete decellularization” please show Figure 3.png with “ architecture and components” please show 4.tiff
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 also use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Paolo De Coppi: We are currently faced with the clinical problem of intestinal failure, a devastating condition for children and adults. Parenteral nutrition and conventional transplantation do not provide a complete cure. The production of a three-dimensional vascularized intestinal scaffold, as demonstrated in the following video, extends towards the therapy of intestinal failure.

1.2. Panagiotis Maghsoudlou: What is remarkable about this technique is that the use of gentle decellularization chemicals preserves the microarchitecture of the native intestine, as evident by the electron microscopy results. Additionally, the maintenance of a hierarchical vascular network following decellularization allows the seeding of a structure that can be reconnected to the host’s blood supply. 
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. Isolation of rat intestine
2.1. Begin by fitting a peristaltic pump with two tubes. Then run 70% ethanol through the tubes of the peristaltic pump for 15 minutes at maximum speed, followed by freshly prepared PBS/AA (Pronounce: “P-B-S-A-A-“) for another 15 minutes. 
2.1.1. WIDE: Talent attaches tubes to pump (Video Editor: Can just show attachment of second tube if necessary for time) 

2.1.2. MED: Few seconds of Talent running EtOH through pump/tubes (TEXT: EtOH, 15 min)

2.1.3. CU: Few seconds of PBS/AA running through tubes/pump (TEXT: PBS/AA, 15 min)
2.2. After flushing the pump, spray and wipe the abdomen of a euthanized 250-350 g Sprague-Dawley rat with 70% ethanol. Then, using autoclave-sterilized surgical instruments, perform a xifo-pubic laparotomic incision on the abdomen to ensure a clear surgical field .
2.2.1. CU: Shot of abdomen only of rat being sprayed and then wiped with EtOH (TEXT: Euthanasia: CO2 inhalation and cervical dislocation) 
2.2.2. CU: Few seconds of incision being made (Shot of abdomen only)
2.3. Eviscerate the small intestine to the right side of the animal onto a paper towel sprayed with 70% ethanol. Take care to continuously wet the intestine with PBS/AA to avoid dehydration of the tissue and denaturation of the extracellular matrix. 
2.2.B (ADDED SHOT) Small intestine being eviscerated
2.3.1. CU: Few seconds of small intestine being placed onto paper towel

2.3.2. CU: Few seconds of intestine being wet with PBS/AA

2.4. Next, locate the SMA, which arises at a 90° degree angle from the aorta towards the intestine. Place a suture around the SMA and prepare a knot. Use a 27 gauge cannula to enter the SMA from the aorta, and then quickly withdraw the needle to avoid tearing the wall of the vessel. 
2.4.1. CU & SCOPE: Shot of SMA being identified with dissection needle or other appropriate instrument (Video Editor: if possible, please indicate, SMA with “Superior Mesenteric Artery” text and arrow and aorta with “Aorta” and arrow when mentioned; possibly trace 90° angle of SMA when mentioned?)

2.4.1.B (ADDED SHOT) CU & SCOPE: Sutures are placed underneath the SMA and a knot is prepared

2.4.2. SCOPE: Few seconds of cannula being placed into SMA, then needle being quickly withdrawn (Videographer: Split action into separate shots as necessary) Video Editor: Note from author: “Please use take 2. Shorten the entry to the blood vessel (seconds 19 to 45) and the exit of the needle (seconds 50 onwards).”
2.5. Now advance the plastic tube of the cannula into the SMA, securing the tubing with Vicryl 5/0 sutures, and then inject 10 ml of PBS/AA to confirm cannulation.
2.5.1. CU: Few seconds of cannula being advanced into SMA, then tubing being secured with sutures (Videographer: Split action into separate shots as necessary)

2.5.2. CU: Few seconds of PBS/AA being injected (Note from authors: “Can you please combine the first shot and last shot following injection to avoid the leakage of liquid on the operating site showing on the video?”)
2.6. Next, use scissors to incise the aorta proximal and distal to the SMA to release the cannula. To avoid leakage of faeces when dissecting out the large intestine, place one silk 5/0 suture knot on the proximal end of the ileocaecal junction and one at the distal end of the sigmoid colon 
2.6.1. SCOPE: Shot of aorta being incised with scissors

2.6.2. CU: Shot of knot being placed at proximal end of ileocaecal junction

2.6.3. CU: Shot of knot being placed at distal end of sigmoid colon
2.7. Then cut the terminal ileum and colon between the two knots and remove the large intestine.

2.7.1. CU: Shot of terminal ileum (SHOT: 2.7.1.B) and colon (SHOT: 2.7.1.A) being cut

2.7.2. CU: Shot of large intestine being lifted out of rat (Shot of abdomen only)

2.8. Now cut the small intestine at the jejuno-duodenal junction and free the intestine from any connective tissue connections it might have with the abdomen.
2.8.1. CU: Shot of small intestine being cut, then any connective tissue being cut (Note from authors: “Remove stillshot were cannula drops out please”)
2.9. Transfer the small intestine into a petri dish containing PBS/AA. Then use a plastic Pasteur pipette to cannulate the proximal section of the intestine, securing it in place with sutures. 
2.9.1. CU: Shot of small intestine being placed into petri dish/PBS/AA

2.9.2. CU: Few seconds of intestine being cannulated

2.9.3. CU: Last few seconds of intestine being secured with last suture

2.10. Finally, cut the pipette so it will fit the Luer-Lock of a 60 ml syringe, and then flush the intestinal lumen with 2 washes of 60 ml of PBS/AA to remove any faeces and debris.
2.10.1. MED: Few seconds of Talent cutting pipette

2.10.2. CU: Few seconds of intestinal lumen being washed with PBS/AA (TEXT: 60 ml PBS/AA x2)

3. Decellularization methodology
3.1. Before beginning the decellularization process, ensure no bubbles are present within the intestinal lumen and vascular cannulas. Then connect a three-way stopcock to the vascular cannula and place the petri dish in a container to collect any overflowing solution.

3.1.1. WIDE: Few seconds of Talent examining cannulas for bubbles

3.1.2. MED: At least last stopcock being attached to last cannula

3.1.3. CU: Last stopcock being attached to dish with tape
3.1.4. Use Shot 3.3.2: CU: Shot of petri dish being placed into container 
3.2. Next, start running deionized water through the Masterflex L/S variable speed roller pump at 0.6 ml/hr. Handle the tissue carefully to ensure the bubbles exit from the distal end.

3.2.1. MED: Talent starts running water through pump (TEXT: Deionized H2O; 0.6 ml/hr: resistivity 18.2 MΩ/cm) 
3.2.2. CU: Shot of speed of pump being adjusted with forceps

3.2.3. CU: Shot of tissue being carefully moved to allow bubbles to escape (Videographer: If possible, get bubbles in shot)

3.3. Once all the bubbles have been removed from the cannulas, transfer the apparatus to the cold room.
3.3.1. MED: Talent entering cold room with apparatus (TEXT: 4°C facilitates cell removal/ minimizes tissue decomposition)

3.3.2. SHOT moved to 3.1.4
3.4. Then start the decellularization process by perfusing both the intestinal lumen and the vascular tree with running deionized water for 24 hours at 0.6 ml/hr. During the first hour, check the apparatus regularly to ensure that all the connections are secure, the leakage is minimal, and no bubbles are present within the intestine. (TEXT: Perform procedure in cold room: shown at bench for video only).
3.4.1. CU: Few seconds of intestine being perfused with water (TEXT: Deionized H2O: 0.6 ml/hr, 24 hrs, 4 °C)
3.4.2. MED: Few seconds of Talent checking apparatus

3.4.3. CU: Shot of secure connections

3.4.4. CU: Shot of minimal leakage

3.4.5. CU: Shot of intestine w/o bubbles

3.5. After 24 hours, move the decellularization apparatus back to room temperature. The colour of the intestine should have changed to a light pink. Under a suction hood, weigh enough Sodium Deoxycholate to make a 4% solution in 300 ml of deionized water. Use a vortex to mix the solution until it is clear. 
3.5.1. MED: Talent entering lab with apparatus

3.6.0.A. ADDED SHOT: CU: Shot of the intestine after the water step

3.6.0.B ADDED SHOT: CU: Shot of the blood vessels of the intestine following the water stop 
3.5.2. MED: Talent at scale, weighing Sodium Deoxycholate 

3.5.3. CU: Solution being vortexed just after addition of sodium deoxycholate to water (still cloudy), then phase into last few seconds of vortexing as solution becomes clear
3.6. Now replace the deionized solution with the Sodium Deoxycholate, check the connections, remove any bubbles, and perfuse the small intestine at at 0.6 ml/hr for 4 hours. 
3.6.1. MED: Few seconds of Talent replacing deionized solution with Sodium Deoxycholate 

3.6.2. MED: Few seconds of Talent checking connections

3.6.3. CU: Shot of a few bubbles being removed
3.6.4. CU: Few seconds of intestine being perfused with Sodium Deoxycholate (TEXT: Sodium Deoxycholate,: 0.6 ml/hr, 4 hrs, RT)

3.7. After the sodium deoxycholate step the tissue becomes transparent. The maintenance of the vascular network also becomes apparent. After adding PSB/AA to the pump, wash the intestine with PBS/AA for 30 minutes to avoid any interactions between the Sodium Deoxycholate and DNase-I. Then perfuse the tissue with freshly prepared DNase-I at room temperature at a speed of 0.6 ml/hr. 
3.7.0.A ADDED SHOT: CU: Intestine after sodium deoxycholate step

3.7.0.B ADDED SHOT: CU: Vascular network preservation after sodium deoxycholate infusion
3.7.1.A MED: Talent adding PBS/AA to pump (TEXT: PBS/AA: 0.6 ml/hr, 30 min, RT)

3.7.1.B MED: Few seconds of intestine being washed with PBS/AA (TEXT: PBS/AA: 0.6 ml/hr, 30 min, RT)

3.7.2.A MED: Talent adding DNase-I to pump (TEXT: DNase-I: 0.6 ml/hr, 3 hrs RT)

3.7.2.B MED: Few seconds of intestine being washed with DNase-I (TEXT: DNase-I, 0.6 ml/hr, 3 hrs RT)

3.8. After 3 hours, transfer the scaffold into a tissue culture hood, and using aseptic technique, change the plate. 
3.8.1. MED: Talent placing scaffold into hood

3.8.2. MED: Few seconds of Talent changing plate (Videographer: Split action into separate steps as necessary) (TEXT: When transferring the scaffold hold the vascular cannula in the SMA using forceps)
3.9. Resterilise the tubing of the peristaltic pump by running ethanol through. Wash the intestine one last time with PBS/AA for 30 minutes to ensure all remnants of the decellularization solutions are removed 
3.9.0 (ADDED SHOT) MED: Resterilise peristaltic pump tubing with ethanol

3.9.1. CU: Few seconds of intestine being washed with PBS/AA (TEXT: PBS/AA: 0.6 ml/hr, 30 min, RT)

3.9.2. SHOT REMOVED
3.10. Finally, transfer the scaffold to a UV Crosslinker and run two sterilization cycles. Then store the scaffold in PBS/AA, changing the solution every 3 days.

3.10.1. MED: Talent places petri dish into UV crosslinker 
3.10.2. MED: Talent places scaffold in PBS/AA

3.10.3. CU: Fresh PBS/AA being added to dish/scaffold

4. Results: Representative vascularized intestinal scaffolds
4.1. Upon successful decellularization, the scaffold should have a macroscopic appearance similar to that of the native intestine, but with translucent walls. The preservation of macro-architecture should also be evident by the patency of the vascular tree. When dye is injected through the SMA cannula, it should distribute evenly throughout the scaffold and reach the capillary tree. 
4.1.1. LAB MEDIA: 2.tiff (Video Editor: with “preservation .. vascular tree” please highlight/indicate the image on the left [clear-looking intestine]; with “when dye .. capillary tree” please highlight/indicate the image on the right [pink-looking intestine])
4.2. The scaffold should be free of nuclear and cytoplasmic material, something that can be assessed using a DNA quantification kit and simple histological analysis. Haematoxylin and eosin staining should demonstrate an absence of nuclear and cytoplasmic material while preserving the small intestinal layers, as demonstrated in this image. 
4.2.1. LAB MEDIA: 3A.tiff
4.3. In particular, the maintenance of the villi and crypts on the luminal side should be evident following scanning electron microscopy. 
4.3.1. LAB MEDIA: 4.tif
4.4. Further, aconservation of the extracellular matrix components, such as collagen, elastin and glycosaminoglycans, should also be expected. As shown here, for example, Masson’s Trichrome staining allows demonstration of the intact connective tissue in the scaffold.
4.4.1. LAB MEDIA: 3B.tiff
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/index/Details.stp?ID=1597
5. 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.
5.1. Panagiotis Maghsoudlou: After watching this video, you should have a good understanding of how to create a natural intestinal acellular scaffold.
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.  

1A. Schematic overview; Figure sketch.pdf – A better version of this being prepared by a professional illustrator. It follows the procedural narrative. 

1A (P5) Figure 3A and figure 4 – Histology and electron microscopy

4.1 2.tiff – Macroscopic images
4.2 3A.tiff – H&E

4.3 4.tiff – Electron microscopy

4.4 3B.tiff – Collagen staining
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.
( 2011, Journal of Visualized Experiments


