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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: 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)___Y____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__ intracutaneous cell application in the mouse, positioning mouse on animal bed, setting up of fluorine and proton scans, preparing the overlay of both fluorine and proton images after acquisition
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  intracutaneous cell application in the mouse, anaesthetize mouse
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.  
Conceptual Narrative:
The overall goal of the following experiment is to visualize the migration of dendritic cells into the draining lymph node using non-invasive fluorine magnetic resonance imaging, or MRI, in combination with conventional proton MRI. (Intro) This is achieved by first preparing murine bone-marrow derived dendritic cells and labeling the fully differentiated cells with fluorine rich particles. (P1) During the second step, the fluorine-labeled cells are administered intracutaneously into the hind limbs of a mouse, ensuring the efficient transmigration of the administered cells. (P2) Next, the anatomical region of interest is imaged by fluorine/proton MRI to monitor the migration of the dendritic cells from the skin to the draining lymph nodes. (P3) Ultimately, dendritic cell migration from the area of application into the draining lymph node can be visualized by fluorine MRI. (P4)
from graphic overview_waiczies et al.pptx
(P1) with “this is … derived dendritic cells” show second image of bones, then yellow/orange circles/cells coming out of the bones; with “labeling .. particles” please have yellow/orange cells/circles move into petri dish and then turn pink to look like 3rd graphic (petri dish and circles/cells)
(P2) please have dendritic cells enter syringe, then have syringe inject mouse in foot
(P3) if possible, please have the mouse move along the belt and enter the MRI machine to final 4th graphic location during the narrative
(P4) 50251fig2highres.jpg
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 use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Sonia Waiczies: The main advantage of this technique over existing methods, like MRI cell tracking techniques using iron oxide nanoparticles, is that carbon-bound fluorine is absent in living organisms. Thus, this technique yields background-free images and complete cell selectivity following the application of the fluorine-labeled cells in vivo. 
1.2. Sonia Waiczies: This method can help answer key questions in the immunology field, such as what is the influence of molecular candidates on the migration of dendritic cells in vivo?  
1.3. Sonia Waiczies: Demonstrating the procedure will be Julia Skodowski, a technician, and Helmar Waiczies, a post doctoral fellow, from my laboratory.

1.3.1. Interview style: Author saying the above 
1.3.2. The named technician and post doc look up from workbench and MRI control computer and acknowledges the camera.

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. Labeling and in vivo application of dendritic cells (DC) with 19F (fluorine)-rich particles
2.1. On day 10 of bone marrow dendritic cell culture, activate the dendritic cells with LPS (TEXT: 1 (g ml-1 LPS) for 24 hours. Label the dendritic cells with 1 mM fluorine-rich perfluoro-15-crown-5-ether particles during this time as well. 
2.1.1. WIDE: Talent removing dendritic cell culture from incubator
2.1.2. MED – over the shoulder: Talent adding LPS to cell culture
2.1.3. CU: Cells being labeled with fluorine-rich particles
2.2. To confirm that the dendritic cells have been successfully labeled, check the physicochemical characteristics of the cells using flow cytometry. The fluorine labeled cells are shown here as red events on the forward and sideward scatter plot and the unlabeled cells are shown as blue events. 
2.2.1. MED: Talent at flow cytometer, loading tube and showing the difference in the physicochemical characteristics between unlabeled cells (blue population on screen) and 19F-particle labeled cells.
2.2.2. (added shot) CU: Screen as labeled cells (“red events”) are checked

2.2.3. (added shot) CU: Screen with unlabeled cells (“blue events”) (Video editor: I don’t know what 2.2.2 and 2.2.3 look like, but it seems that a comparison is being done, so if it makes sense, you could put these two shots as a split screen.)
2.3. Next position a C57BL/6 (Pronounce: “C-fifty-seven-black-six”) mouse in a holder and then load a 0.5 ml tuberculin syringe with a 26 ½ gauge needle with fluorescently-labeled dendritic cells in a 50 to 100 (l volume.
2.3.1. CU: Few seconds of mouse being positioned in holder
2.3.2. MED: ~10 s of Talent loading syringe with dendritic cells (TEXT: 106-107/50-100 (l)
2.4. Now carefully insert the needle into the upper layers of the skin in each of the animal’s hind limbs to intracutaneously administer the cells. 
2.4.1. CU: Shot of intracutaneous administration of dendritic cells to at least one hind limb of the mouse
3. In vivo 19F/1H (proton) magnetic resonance imaging (MRI)
3.1. After anesthetizing the mouse, position the animal prone on the mouse bed of the small animal MR scanner.
3.1.1. WIDE: Few seconds of Talent positioning mouse in mouse bed (TEXT: Anesthesia = 2 min inhalation narcosis in mouse chamber with 3% isoflurane), 
3.2. After securing the animal on the imaging holder and the connections to the monitoring system, move the holder to the center of the proton-fluorine RF coil. 
3.2.1. LAB MEDIA: Figure 1.pdf 
3.2.2. MED/CU: Shot of holder being moved to center of coil (TEXT: Position animal at isocenter of animal scanner magnet)
3.3. For confirming the correct positioning of the animal in the scanner and later planning of the image slice geometry, acquire scout images in three standard orientations using fast and low resolution image acquisition methods. 
3.3.1. MED – over the shoulder: Talent at computer with monitor in frame, acquiring images (TEXT: Orientations: axial, coronal, sagittal) 
3.3.2. SCREEN: Shot of at least one image in one standard orientation with either fast or low resolution methods being acquired 
file: JOVE_take_3.3.2_bis_3.5.1.mp4: time 0:0-0:10
3.4. In the MR scanner software, tune the RF coil to the proton resonance frequency and to the flourine resonance frequency. Use the tuning monitor of the animal MR scanner to match the characteristic impedance of the coil to 50 Ohm. 
3.4.1. SCREEN: Shot of 1H resonance frequency being tuned to 400.1 MHz and Shot characteristic impedance being matched to 50 Ohm 
 file: JOVE_take_3.3.2_bis_3.5.1.mp4: time 0:50-0:58
3.4.2. SCREEN: Shot of 19F resonance frequency being tuned to 376.3 MHz and Shot characteristic impedance being matched to 50 Ohm 
file: JOVE_take_3.3.2_bis_3.5.1.mp4 : time 0:58-2:00 
3.5. Next set the necessary automatic system settings, including shimming to fine-tune the homogeneity of the magnetic field, system frequency adjustments to tune the RF to the Lamor frequency of the mouse, and reference gain to adjust the RF amplitude.
3.5.1. SCREEN: Shot of shimming being set, then system frequence adjustments being set, then reference gain being set 
file: JOVE_take_3.3.2_bis_3.5.1.mp4 : time 2:00-4:16 and then til end acquiring of localizer
3.6. Set up a TurboRARE 3D protocol for the proton-scan using a TR of 1500 ms and TE of 53 ms, a matrix of 400 by 200 by 200, and a rare Factor of 16. Adjust the field of view with the help of the scout images, then start the scan.
3.6.1. SCREEN: Shot of TR being set to 1500 ms and TE being sent to 53 ms, then matrix to 400x200x200, FOV 50x25x25, then rare factor being set to 16. 
file: JOVE_take_3.6.1_bis_3.6.3.mp4 : time 0:00-1:00
3.6.2. SCREEN: Few seconds of scan being started 
file: JOVE_take_3.6.1_bis_3.6.3.mp4 : time 1:00-end
3.7. Load a single pulse FID (Pronounce: “F-I-D”)-sequence with a TR of at least 1000 ms and then open the Edit Scan and set the nucleus to flourine. In the Edit Method of the Toolbox, deselect the automatic reference gain.
3.7.1. SCREEN: Shot of FID-sequence being loaded with TR of 1000 ms 
file: JOVE_take_3.7.1_bis_3.8.3.mp4 : time 0:00-0:18
3.7.2. SCREEN: Shot of Edit Scan being opened, then nucleus being set to 19F 
file: JOVE_take_3.7.1_bis_3.8.3.mp4: time 0:18-0:30
3.8. Using the go setup, start the measurement without recording the data to display an MR signal in real time. Adjust the basic frequency to center the fluorine spectral peak at 0 Hz in the acquisition window. Then select Apply basic frequency and press Stop. 
3.8.1. SCREEN: Go setup being selected/opened, then few seconds of measurement being started/MR signal in real time 
file: JOVE_take_3.7.1_bis_3.8.3.mp4 : time 0:35-0:49
3.8.2. SCREEN: Shot of basic frequency being adjusted/19F spectral peak being centered at 0 Hz in the acquisition window 
file: JOVE_take_3.7.1_bis_3.8.3.mp4 : time 0:50-1:10
3.8.3. SCREEN: Shot of apply basic frequency being selected, then stop being pressed 
file: JOVE_take_3.7.1_bis_3.8.3.mp4 : time 1:10-end
3.9. Now clone the TurboRARE 3D protocol from the previous proton scan. Go to Edit Method and then deselect the automatic reference gain as just shown. In Edit Scan, set the flourine nucleus and then change the matrix to 128x64x64 and the RARE-Factor to at least 40. 
3.9.1. SCREEN: Few seconds of turborare 3d protocol being cloned 
file: JOVE_take_3.9.1_bis_3.9.3.mp4 : time 0:00-0:08
3.9.2. SCREEN: Shot of edit method being opened/selected, then automatic reference gain being deselected 
file: JOVE _take_3.9.1_bis_3.9.3.mp4 : time 0:08-0:18
3.9.3. SCREEN: Shot of edit scan being opened/selected, then 19F nucleus being set and matrix being changed to 128x64x64 and rare-factor to 40 
file: JOVE_take_3.9.1_bis_3.9.3.mp4 : time 0:18-end
3.10. When the scans are finished, retract the mouse holder from the MR scanner and use the View Menu to overlay the fluorine images to proton images. 
3.10.1. MED: Talent retracting mouse holder from scanner
3.10.2. SCREEN: View menu being opened/selected and few seconds of 19F and 1H images being overlaid 
file: JOVE_take_3.10.1.mp4 : time 0:00-end
4. Lymph node Magnetic Resonance Spectroscopy (MRS)

4.1. After sacrificing the mouse, remove the popliteal lymph node of interest and place it into a 5 mm NMR tube containing 100 (l of 2% PFA.
4.1.1. WIDE: Talent leaning over bench working on mouse (no need to get mouse in shot) (TEXT: Euthanasia: Terminal anesthesia)
4.1.2. ECU: Shot of popliteal lymph node being lifted out of mouse
4.1.3. CU: Lymph node dropping into NMR tube
4.2. Next, place the tube inside a flourine spectroscopy coil and move the coil into the isocenter of the magnet.
4.2.1. CU: Talent placing tube into coil and moving coil into isocenter of magnet 
4.3. Tune the RF coil to the fluorine resonance frequency, and then, on the tuning monitor of the animal MR scanner, match the characteristic impedance of the coil to 50 Ohm. 
4.3.1. SCREEN: RF coil being tuned to 376.3 MHz and 9.4 T 
file: JOVE_take_4.3.1-4.3.2.mp4 : time 0:00-end
4.4. Within the Shimming Toolbox, set all the shim parameters to 0 and press apply. Then load a single pulse FID sequence with a TR of at least 1000 ms. Open Edit Scan and set the nucleus to fluorine. 
4.4.1. SCREEN: Shot of shim parameters being set to 0, the apply being pressed 
file: JOVE_take_4.4.1-4.5.2.mp4 : time 0:00-0:13
4.4.2. SCREEN: Shot of FID sequence being loaded with TR of 1000 ms 
file: JOVE_take_4.4.1-4.5.2.mp4 : time 0:15-0:25
4.4.3. SCREEN: Shot of edit scan being opened, then nucleus to 19F 
file: JOVE_take_4.4.1-4.5.2.mp4 : time 0:15-0:38
4.5. Now, using go setup, start the sequence. Adjust the basic frequency so that the fluorine spectral peak is at the center of the acquisition window at 0 Hz and apply the basic frequency.
4.5.1.  SCREEN: Open go setup, then few seconds of sequence being started 
file: JOVE_take_4.4.1-4.5.2.mp4 : time 0:38-0:50
4.5.2. SCREEN: Basic frequency being adjusted to 19F center of acquisition window at 0 Hz, then basic frequency being applied 
file: JOVE_take_4.4.1-4.5.2.mp4 : time 0:50-end
4.6. Then adjust the pulse attenuator again to maximize the signal to reach 90° excitation. When the signal is at the maximum press Stop.
4.6.1. SCREEN: Pulse attenuator being adjusted to 90° excitation, then stop being pressed 
file: JOVE_take_4.6.1-4.7.2.mp4 : time 0:00-0:26
4.7. Finally, in Edit Method, set the averages between 64 and 256, depending on the signal, and then, using go pipeline, start the acquisition. 
4.7.1. SCREEN: Open/select edit method, then averages being set between 64-256
file: JOVE_take_4.6.1-4.7.2.mp4 : time 0:26-0:40
4.7.2. SCREEN: Go pipeline being opened/selected, then acquisition being started 
file: JOVE_take_4.6.1-4.7.2.mp4 : time 0:40-0:end
5. Results: Quantification of 19F-labeled DC migration in vivo using 19F MRS
5.1. Eighteen to twenty-one hours following intracutaneous application, fluorine-labeled dendritic cells migrate into the draining popliteal lymph node. The movement of the dendritic cells via the lymphatic ducts into the draining politeal lymph node can be appreciated by overlaying the proton anatomical images with the fluorine dendritic cells images. The dendritic cells are shown as a fluorine MR signal, in red, whereas the lymph nodes and lymphatic ducts are shown in the proton anatomical MR image, in grayscale. 
5.1.1. LAB MEDIA: Figure 2A.ai (Video Editor: with “migrate into the .. node” please highlight/indicate the top red area on the left side of the image; with “movement .. ducts” please highlight/indicate the thin, long middle red area on the left side of the image [above the foot; below the lymph node]; with “fluorine MR signal, in red” please highlight the red parts of the image if possible; with “proton anatomical MR image, in grayscale” please highlight the grey parts of the image if possible)
5.2. In order to quantify the extent of dendritic cell migration into the draining lymph nodes, the lymph nodes are extracted and fluorine MRS is performed as just demonstrated. When the fluorine signal obtained from each lymph node is compared with the fluorine signal obtained from different numbers of dendritic cells labeled with perfluoro-15-crown-5-ether particles, as illustrated by this calibration curve, the number of fluorine-labeled dendritic cells that reach the draining lymph node can be deduced.
5.2.1. LAB MEDIA: Figure 2C.ai (Video Editor: with “fluorine signal obtained for each lymph node” please highlight the text on the y-axis; with “fluorine signal obtained from different number … particles” please highlight the text on the x-axis; with “calibration curve” please highlight/indicate the diagonal data line in the graph; with “number of .. deduced” please indicate/highlight the numbers immediately above and below/along the diagonal line through the center of the graph)
5.3. For this representative experiment, it can be estimated that 3.6 x 105 antigen-loaded dendritic cells reached the left lymph node, while 7.5 x 104 dendritic cells that were not loaded with antigen reached the right lymph node.
5.3.1. LAB MEDIA: Figure 2B.ai (Videographer: with “3.6 x 105 antigen-loaded dendritic cells reached the left lymph node” please highlight the graph on the right; with “7.5 x 104 dendritic cells that were not loaded with antigen reached the right lymph node” please highlight the graph on the left)
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
6. 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.
6.1. Sonia Waiczies: Though this method can provide insight into the molecular mechanisms involved in immune cell migration during normal conditions, it can also be applied to studies of autoimmune disease.
6.2. Sonia Waiczies: The implications of this technique extend toward the therapy of cancer, as it will allow us to identify molecular targets for manipulation in the development of dendritic cell vaccines for tumor therapy.    

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.  

graphic overview_waiczies et al.pptx
50251fig1.pdf

Figure 2A.ai

Figure 2B.ai

Figure 2C.ai

50251fig2highres.jpg
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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