Submission ID #: 52641

Editor Name: Bridget Colvin
Videographer name:

Film Date: 
Authors and Affiliations: Hyunki Kim1, Sharon Samuel1, John W. Totenhagen1, Marie Warren1, and Donald J. Buchsbaum2, 1Radiology and 2Radiation Oncology, University of Alabama at Birmingham, Birmingham, AL

Title: Dynamic Contrast Enhanced Magnetic Resonance Imaging of an Orthotopic Pancreatic Cancer Mouse Model

Corresponding Author(s): hyunki@uab.edu
Co-author(s): ssamuel@uab.edu, jtotenha@uab.edu, warrenme@uab.edu, djb@uab.edu 
A.  Will you require JoVE to record video microscopy through a microscope? N 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? N
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: 2.4, 2.5, 3.6, 3.7
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  3.5
E. Will the filming need to take place in multiple locations? N
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 apply dynamic contrast enhanced magnetic resonance imaging, or DCE-MRI (Pronounce: D-C-E-M-R-I), to orthotopic pancreatic tumor xenografts in mice (Intro). This is accomplished by first removing the pancreas from the abdomen, (P1) and then slowly infusing human pancreatic cancer cells into the tail of the pancreas. (P2) The pancreas is then returned to the abdomen, (P3) and when the tumor is 5-7 mm in diameter, a plastic board and a surface coil are placed on top of the tissue mass. (P4) Ultimately, the microvascularity of the tumor xenograft can be visualized by DCE-MRI. (P5)
From 52641_JoVE graphics.pptx

(P1) slides 1-3, show mouse, then incision, the pancreas peaks out of abdomen 
(P2) slide 4, show tumor cell infusion into end of pancreas
(P3) slide 5, pancreas going back into abdomen/incision being stitched
(P4) slide 6, tumor appears, then slide 7-8, mouse is on side and board and surface coil are placed into/onto mouse abdomen
(P5) Figure3.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Hyunki Kim: The main advantage of this technique over existing methods, like DCE-MRI of subcutaneous pancreatic tumor xenografts, is that using orthotopic tumor models allows the assessment of the primary tumor microenvironment, including the blood supply, tissue neovascularization, and tumor cell invasion. 
1.2. Hyunki Kim: The procedure will be demonstrated by Sharon Samuel, a research associate, and Marie Warren, a research technician, both from our laboratory.  
1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.
Protocol (read by voice talent at JoVE):
2. Orthotopic pancreatic tumor mouse modeling
2.1. Begin by placing an anesthetized, 8 week old female SCID (Pronounce: “skid”) BALB/c mouse on a heating pad.

2.1.1. WIDE: Talent placing mouse onto heating pad (TEXT: Anesthesia: 2% isoflurane), 
2.2. After confirming the appropriate level of sedation by toe pinch, next remove the hair from the left upper quadrant of the animal’s abdomen and administer an analgesic drug into the skin.

2.2.1. ECU: Toe being pinched (TEXT: SCID: severe combined immunodeficiency) 
2.2.2. CU: Few seconds hair being removed

2.2.3. CU: Analgesic being administered

2.3. Using iris straight scissors, make a 1 cm incision in the skin and peritoneum and gently lift the pancreas through the incision. 
2.3.1. CU: Few seconds incision being made

2.3.2. CU: Few seconds pancreas being lifted out of incision

2.4. Then use a 0.5 ml insulin syringe equipped with a 28G needle to slowly infuse 2.5 million human pancreatic cancer cells in 40 microliters of DMEM into the tail of the pancreas.
2.4.1. CU: Few seconds pancreas being infused (TEXT: See text for all reagent/media preparation) 
2.5. Confirm that a small bleb is created in the head of the pancreas by the solution. Then gently place the pancreas back into the abdomen and close the peritoneum and the skin in one layer with two interrupted 5-0 Prolene sutures.

2.5.1. ECU/CU: Shot of small bleb (Videographer: Whatever shot needed to see bleb)

2.5.2. CU: Few seconds pancreas being moved back into abdomen

2.5.3. CU: Few seconds one suture being placed

2.6. Check the tumor size daily with two-finger palpation of the surgical area - the tumors typically feel denser and bumpier than the surrounding tissues and organs. Monitor the animals daily for signs of illness as well. 
2.6.1. CU: Few seconds tumor being palpated (TEXT: Tumors appear ~1-2 wks) 

2.6.2. LAB MEDIA: 52641_Hyunki_Figure 1B.tif

2.6.3. MED: Talent watching cage of mouse with clipboard or similar “monitoring” shot (TEXT: Terminate ill animals according to institutional guidelines)

3. Magnetic resonance imaging (MRI)
3.1. When the tumor reaches 5-7 mm in diameter, insert a sharp 30G needle into one end of a micro-polyethylene tube and a blunt 30G needle tip into the other.

3.1.1. WIDE: Talent placing sharp needle into tube  (TEXT: Tubing: length: 7.62 mm, inner diameter: 0.28 mm, outer diameter: 0.64 mm) 

3.1.2. CU: Blunt needle being placed into tube

3.2. Connect a 1 ml syringe containing freshly prepared MRI contrast agent to the blunt needle tip and slowly depress the plunger to fill the entire tube.  
3.2.1. MED: Few seconds Talent connecting syringe to tube

3.2.2. CU: Few seconds tube being filled
3.3. Then dilate the animal’s tail veins under a heat lamp and use Kelly forceps to grab the shaft of the sharp 30G needle.

3.3.1. MED: Talent placing animal(s) under heat lamp (TEXT: Anesthesia: 1-2% isoflurane) (Videographer: More Talent than mouse/mice in shot)

3.3.2. CU: Needle shaft being picked up 

3.4. Carefully insert the needle into one of the dilated tail veins and tape both the tail and the tube onto a piece of 10 x 100 mm plastic to keep the tail straight. 
3.4.1. CU: Few seconds needle being placed into tail vein

3.4.2. CU: Few seconds tail/tube being taped onto piece of plastic

3.5. Next, place the mouse supine in an animal bed equipped with circulating warm water to regulate the animal’s body temperature during imaging.  Insert a rectal temperature probe at this time as well. 
3.5.1. CU: Mouse being placed into animal bed

3.5.2. CU: Rectal thermometer being placed

3.6. When the animal is in position, apply an orthogonally bent plastic board into the abdominal area, making sure the tumor is located behind the upper end of the board, and then pull the board down ~2 mm to ensure that the tumor is caught. 
3.6.1. CU: Few seconds board being placed
3.6.2. CU: Few seconds board being pulled down to catch tumor
3.7. Firmly tape the board to the animal bed. Then tape a respiration pad transducer onto the chest area to monitor the animal respiration during imaging.  
3.7.1. CU: Few seconds board being taped

3.7.2. CU: Few seconds pad being taped

3.8. Now place the surface coil on the top of the tumor region, securely taping it to the animal bed. Then push the animal bed into the MR scanner until the tumor region is at the center of the volume coil. 
3.8.1. CU: Coil being placed, then few seconds being taped (Videographer: Split action into separate shots as necessary)
3.8.2. MED: Talent pushing animal bed into scanner
3.9. Apply T2-weighted MRI to locate the tumor, followed by T1-weighted MRI with various flip angles for T1 mapping.

3.9.1. MED – over the shoulder: Talent locating tumor by T2-weighted MRI OR SCREEN: Shot of tumor being located by MRI 
3.9.2. SCREEN: Shot of T1-weighted MRI being applied to tumor image/mass

3.10. Then, for the DCE-MRI imaging, apply T1-weighted MRI with a fixed flip angle continuously before, during, and after injection of the gadolinium based MR contrast.

3.10.1. SCREEN: Shot of DCE-MRI imaging of tumor before contrast agent inject

3.10.2. SCREEN: Shot of DCE-MRI imaging while agent is being injected

3.10.3. SCREEN: Shot of DCE-MRI imaging after agent has been injected

3.11. 
Monitor the animal’s breathing and body temperature continuously during the imaging.

3.11.1. MED: Talent monitoring animal (Videographer: More Talent than mouse in shot) (TEXT: Adjust isoflurane concentration as necessary)
3.12. At the end of the imaging, remove the needle and other probes and place the animal under a heat lamp while softly massaging the lower abdominal area until the animal wakes.

3.12.1. MED: Talent removing needle and/or probe(s)

3.12.2. MED: Talent placing mouse under heat lamp (Videographer: More Talent than mouse in shot)

3.12.3. CU: Few seconds abdominal massage  (TEXT: Monitor animal until full recovery)
4. Results: Representative DCE-MR images and parametric maps of an orthotopic pancreatic tumor xenograft
4.1. Quantitative DCE-MRI can be successfully applied for orthotopic pancreatic tumor xenografts using the reference region model. For example, these contrast maps demonstrate the tumor region, in color scale, at 1 minute before injection of the MR contrast agent and at 5 and 40 minutes after, overlapped with T2-weight MR images in gray scale.
4.1.1. LAB MEDIA: Authors: Please provide Figure 3A images as their own .ai, .psd, or .tif file 
(Video Editor: with “at 1 minute … contrast agent” please highlight/indicate the blue tumor area in the left image; 

with “at 5” please highlight/indicate the colored tumor area in the middle image; 

with “and 40 minutes after” please highlight/indicate the colored tumor area in the right image; 

with “overlapped … scale” please outline/indicate the grey area in the right image)
4.2. The mouse in this experiment bore an orthotopic human pancreatic tumor xenograft.  These contrast enhancement curves were averaged from the tumor region and the paravertebral muscle region before the injection of the MR contrast agent.

4.2.1. LAB MEDIA: 52641_Hyunki_Figure 3A and 3B.tif 

(Video Editor: with “from the tumor region” please indicate the small white square in the blue tumor area and the black data line; 

with “paravertebral muscle region” please indicate the larger white square in the grey area and the grey data line) 

4.3. These K-trans and k-ep maps for the tumor demonstrate the wash-in and wash-out rate of the MR contrast agent. 

4.3.1. LAB MEDIA: 52641_Hyunki_Figure 3C and 3D.tif (Video Editor: with “K-trans” please highlight the left image; with “k-ep maps” please highlight the right image)
5. Conclusion (said by authors on camera)
5.1. Hyunki Kim: While attempting this DCE-MRI procedure, it’s important to make sure the tumor is located behind the upper end of the board.

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.  
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Figure3.tif

52641_Hyunki_Figure 1B.tif - Photographs of an orthotopic pancreatic tumor xenograft in SCID mice.  
52641_Hyunki_Figures 3A and 3B.tif - (A) Contrast maps at 1 minute before or at 5 and 40 minutes after MR contrast (gadoteridol) injection. (B) Contrast enhancement curves averaged in the tumor region (3x3 window) and paravertebral muscle region (9x9 window) indicated with two white squares, respectively, in Fig. 3A.
52641_Hyunki_Figure 3C and 3D.tif - (C) Ktrans and (D) kep maps of the orthotopic pancreatic tumor xenograft.
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.
�Authors: Please provide these still shots [e.g., like Figure 3A] OR a short movie with a few seconds before, during, and after of contrast agent being injected 
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