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A.  Will you require JoVE to record video microscopy? N
B.   Does your protocol include software usage? Y
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? 3.1.-3.3. and 4.3.-4.5. 
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.1.-3.3. Radiolabeling of the cOVA-Th1 cells. To ensure success, we always check both 64CuCl2 quality and the radiochemical purity of the antibody used for labeling. Moreover, we titrate the amount of activity used for radiolabeling for every cell type.
E.  Will the filming need to take place in multiple locations? N


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this procedure is to stably label murine lymphocytes with a copper-modified, radioactive monoclonal antibody to track lymphocyte temporal distribution and homing patterns in vivo by PET-CT (Pronounce: pet-C-T) in mouse models of inflammation or cancer.  (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Christoph Griessinger: This method can help elucidate the sites of action and the key underlying biological principles of cell-based therapies, such as stem cell therapies in regenerative medicine or cancer immunotherapies. 
1.2. Sabrina Hoffmann: The main advantage of this technique is that it permits the imaging of cell migration over 48 hours with a high contrast and minimal detrimental effect on the cells.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Dorothea Reck: This method can be easily transferred to any cell type of interest with specific membrane-bound receptors of interest and corresponding monoclonal antibodies. 
1.4. Andreas Maurer: Generally, individuals new to this method may struggle with the chelator conjugation and radiolabeling processes, resulting in a low immunoreactive fraction and cell-specific activity. 
D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

E.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.5. Procedures involving animal subjects have been approved by the Regierungspräsidium Tübingen at the Werner Siemens Imaging Center. 

Protocol (read by voice talent at JoVE):
2. Chicken Ovalbumin-Specific TH1 (cOVA-TH1) Cell Isolation and Antigen-Presenting Cell Co-Culture
2.1. Begin by disinfecting a DO11.10 (Pronounce: D-O-eleven-ten) mouse with 70% ethanol [1-WIDE-TXT]. Then fix the limbs with adhesive tape [1-CU] and make a medial incision along the abdomen of the animal [2-CU].
2.1.1. Few seconds Talent spraying mouse (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: According to institutional guidelines)
2.1.2. Few seconds one limb being taped
2.1.3. Few seconds incision being made
2.2. Laterally pull both sides of the incision at the same time to and separate the skin from the peritoneum [1-CU] and locate the cervical, axial, brachial and inguinal lymph nodes [2-CU].
2.2.1. Few seconds skin being pulled
2.2.2. Shot of open mouse from bottom of head/top of neck down(Video Editor: please indicate cervical, axial, brachial and inguinal lymph nodes when mentioned)
2.3. Using blunt forceps, transfer the lymph nodes into a container of 1% FCS in PBS [1-CU].
2.3.1. At least one LN being added to container, with PBS + FCS container label visible in frame
2.4. Then open the peritoneum [1-CU], separate the spleen from the pancreas and connective tissue [2-CU], and store the spleen with the lymph nodes [3-CU-TXT].
2.4.1. Few seconds peritoneum being opened
2.4.2. Few seconds spleen being dissected
2.4.3. Spleen being placed into container (TEXT: Repeat LN/spleen harvest for each experimental animal)
2.5. When all of the tissues have been collected, decant transfer the samples onto a 40 micron filter in a 50 mL conical tube [1-CU] and use a syringe plunger to macerate the tissues [2-CU].
2.5.1. Few seconds samples being decanted transferred with blunt forceps
2.5.2. Few seconds samples being plunged
2.6. Then rinse the filter with 10 mL of FCS in PBS [2-CU] and collect the single cell suspension by centrifugation [3-MED-TXT].
2.6.1. Few seconds filter being rinsed with PBS + FCS container label visible in frame
2.6.2. Talent placing tube(s) into centrifuge (TEXT: 5 min, 400 x g, 4°C)
2.7. After lysing the red blood cells, resuspend the white blood cell pellet in fresh PBS plus FCS [1-CU-TXT] and CD4+ microbeads according to the manufacturer’s instructions [2-CU].

2.7.1. Shot of pellet, then few seconds pellet being resuspended in PBS + FSC, with PBS + FCS container label visible in frame (TEXT: See text for RBC lysis details)
2.7.2. Few seconds beads being added to cells, with bead container label visible in frame

2.8. After 20 minutes at 4°C, wash the cells in up to 50 mL of fresh PBS plus FCS buffer [1-MED] and resuspend the cells in the appropriate volume of PBS plus FCS for magnetic column elution of the CD4-negative cell populations [2-CU].

2.8.1. Talent adding tube(s) to centrifuge
2.8.2. Shot of pellet if visible, then few seconds cells being resuspended in PBS + FSC, with PBS + FCS container label visible in frame

2.9. Load the cells onto a magnetic cell separation column [1-MED] and collect the flow through in a 50 mL conical tube [2-CU].

2.9.1. Few seconds Talent loading cells
2.9.2. Few seconds cells dripping into tube labeled “CD4-“ or “APC” or similar

2.10. At the end of the magnetic cell separation, use the plunger to flush the CD4+ cell population into a new conical tube [1-CU] and adjust the isolated CD4+ T cell suspension concentration to 1x106 cells/mL in fresh complete medium for 4 °C storage [2-MED-TXT].

2.10.1. Few seconds cells being flushed
2.10.2. Few seconds Talent adding medium to cells (TEXT: See text for all medium/reagent preparation details)

2.11. Collect the CD4- cells by centrifugation [1-MED], resuspend the pellet in anti-CD4, anti-CD8, mouse anti-rat monoclonal antibodies and rabbit complement and incubate for 45 minutes at 37 °C [2-MED-TXT]. 

2.11.1. Talent adding tube(s) to centrifuge
2.11.2. Talent adding Ab(s) to cells, with Ab containers and rabbit complement visible in frame (TEXT: See text for all Ab clone/concentration details)

2.12. After collecting the cells by centrifugation, resuspend the pellet in 3 mL of fresh complete medium [1-MED] and irradiate the negatively-selected antigen-presenting cells at 30 greys [2-MED].

2.12.1. Few seconds Talent resuspending cells in medium, with medium container visible in frame
2.12.2. Talent adding cells to irradiator

2.13. Adjust the antigen presenting cell concentration to 5x106 cells/mL in fresh complete medium [1-MED] and add 100 microliters of CD4+ T cells [2-MED-over the shoulder] and 100 microliters of antigen-presenting cells into the appropriate experimental wells of a 96 well flat bottom plate [3-MED].

2.13.1. Few seconds Talent adding medium to cells, with medium container visible in frame
2.13.2. Few seconds Talent adding T cells to at least one well, with T cell container visible in frame
2.13.3. Few seconds Talent adding APCs to at least one well, with APC container visible in frame

2.14. Then add the appropriate stimuli to each well [1-CU-TXT] and transfer the plate to a cell culture incubator [2-MED-TXT].

2.14.1. Few seconds stimulus being added to at least one well, with container label(s) visible in frame (TEXT: e.g. cOVA-323-339-peptide (used here), anti-IL-4-mAb, CPG1668-oligonucleotides, and IL-2) 
2.14.2. Talent placing plate into incubator (TEXT: See text for cell expansion details)

3. cOVA-TH1 Cell Radiolabeling and Uptake and Efflux Analysis

3.1. For chicken ovalbumin-specific TH1 (Pronounce: T-H-one) cell radiolabeling, first use a dose calibrator to draw 37 megabecquerels [1-WIDE-TXT] of the T cell specific radioactive antibody of interest into a syringe without dead volume [2-?].

3.1.1. Few seconds Talent drawing antibody into syringe (TEXT: i.e. 64Cu-DOTA-KJ1-26-mAb) 
3.1.2. Added shot: Few seconds Talent measuring syringe in a dose calibrator  

3.2. Next, dispense the antibody into a reaction cup [1-CU] and measure and subtract the remaining amount of reactivity in the syringe from the amount that was drawn [2-MED].

3.2.1. Few seconds Talent dispensing antibody into reaction cup
3.2.2. Few seconds Talent measuring syringe radioactivity

3.3. Then add 1 mL of saline to the cup to generate a 37 megabecquerel/mL solution [1-MED].

3.3.1. Few seconds Talent adding saline to cup, with saline container visible in frame 

3.4. Next, add 2x106 OVA-TH1 (Pronounce: oh-vah [like nova]-T-H-one) cells in 0.5 mL of complete medium to each well of a 48 well plate [1-MED-TXT], followed 20 microliters of the radiolabeled-antibody solution [2-MED].

3.4.1. Few seconds Talent adding cells to at least one well, with cell container visible in frame (TEXT: 2x106 OVA-TH1 cells/mL)
3.4.2. Few seconds Talent adding antibody to at least one well, with antibody container visible in frame 

3.5. After 30 minutes in a radiation-safe, 37 °C and 7.5% CO2 cell culture incubator [1-MED], pool the radiolabeled-cells in a 50 mL conical tube for two washes in 10 mL of 37 °C PBS [2-MED].

3.5.1. Talent placing plate into incubator (Videographer: Make sure radiation label on incubator is visible in frame)
3.5.2. Few seconds Talent adding cells to tube

3.6. To measure the radiolabeled antibody uptake and efflux, immediately after the second wash, transfer 1x106 monoclonal antibody-labeled OVA (Pronounce: oh-vah [like nova]-T-H-one)-TH1 cells in 1 mL of complete medium into each of ten gamma-counting tubes [1-MED].

3.6.1. Few seconds Talent adding cells into tubes, with all tubes visible in frame

3.7. Pellet the cells by centrifugation [1-MED-TXT] and transfer the supernatants into ten new gamma-counting tubes [2-CU].

3.7.1. Talent adding tube(s) to centrifuge, with centrifuge radiation label visible in frame (TEXT: 5 min, 400 x g, 4°C)
3.7.2. Few seconds supernatant being added to at least one tube, with empty/almost empty tube and pellet (if visible) visible in frame

3.8. Next, wash the cells in 1 mL of complete medium to remove any unbound, radio-labeled monoclonal antibody [1-MED] and transfer the supernatants into ten new gamma-counting tubes [2-MED].

3.8.1. Talent adding tube(s) to centrifuge
3.8.2. Few seconds Talent adding supernatant to tube, with old and new tubes visible in frame

3.9. Then add 1 mL of fresh complete medium to the cells [1-MED] and measure the initial uptake values in a gamma-counter [2-MED-TXT].

3.9.1. Few seconds Talent adding medium to cells, with medium container visible in frame
3.9.2. Shot changed slightly: Few seconds Talent placing the tubes into the γ-counter and starting the measurement (TEXT: Repeat @ 5, 24, and 48 hrs post radiolabeling)

4. Positron Emission Tomography-Computed Tomography (PET/CT) In Vivo Imaging 

4.1. For in vivo PET-CT imaging, immediately after radiolabeling, adjust the OVA-TH1 cells to a 5x107 cells/mL concentration in PBS [1-WIDE] and draw 200 microliters of cells into a 1 mL syringe equipped with a 30 gauge needle [2-MED-TXT].

4.1.1. Few seconds Talent adding medium PBS to cells
4.1.2. Few seconds Talent drawing cells into syringe (TEXT: Determine total injected radioactivity by dose calibrator syringe measurement before/after injection)

4.2. Inject the cells i.p. into an OVA-delayed-type hypersensitivity reaction-diseased animal between the 4th and 5th nipple [1-CU-TXT].

4.2.1. Few seconds cells being injected (TEXT: Anesthesia post injection: 1.5% isoflurane)

4.3. Then, to facilitate co-registration of the PET and CT images during the image analysis, fix glass capillaries containing radiolabeled-antibody solution under a small animal bed [1-MED].

4.3.1. Few seconds Talent fixing capillaries

4.4. When the appropriate level of sedation is reached, apply ointment to the animal’s eyes [2-ECU] and use cotton swabs and surgical tape to immobilize the mouse on the bed [1-CU-TXT]. 

4.4.2 Few seconds ointment being applied (order changed)
4.4.1. Few seconds lower mouse being immobilized (Videographer: Do not capture mouse head) (TEXT: Sedation = lack of pedal reflex)

4.5. Move the mouse bed to the PET scanner [1-MED] and center the field of view with a focus on the lungs [2-MED] to acquire a 20 minute static PET scan with an energy window of 350-650 kiloelectron volts [3-SCREEN].

4.5.1. Few seconds Talent move bed into PET scanner
4.5.2. Few seconds Talent at monitor, centering FOV Author note: “This was to be done at the scanner. To provide adequate footage, shot 4.5.2 Take 2 contains the movement of the animal bed into the field of view of the scanner.
4.5.3. *To be provided by Authors: Few seconds mouse being scanned

4.6. Then transfer the mouse bed to the CT scanner [1-MED] and use the laser alignment grid [2-MED] to center the field of view on the lungs [3-?].

4.6.1. Few seconds Talent placing bed into CT scanner
4.6.2. Few seconds Talent at monitor, centering FOV
4.6.3. Shot added: Few seconds bed moving into the scanner 

4.7. [bookmark: _GoBack]Finally, acquire a planar CT image via 360 projections during a 360° rotation in the “step and shoot” mode with an exposition time of 350 milliseconds and a binning factor of 4 [1-SCREEN].

4.7.1. *To be provided by Authors: Few seconds mouse being scanned 
5. Results: Representative cOVA-TH1 Cell Tracking In Vitro and In Vivo

5.1. The applied radioactive dose of 0.7 megabecquerels reduces the TH1 cell viability by only 8% [1-LM], while higher doses demonstrate an even more pronounced effect [2-LM]. 

5.1.1. 55270_Griessinger_Figure 2B.tif: please indicate 0.7 MBq red data bar
5.1.2. 55270_Griessinger_Figure 2B.tif: please indicate 1.4 and 2.1 MBq red data bars

5.2. Compared to radiolabeling with copper-PTSM (Pronounce: P-T-S-M), however, no significant advantage for the radio-labeled antibody is observed [3-LM].

5.2.1. 55270_Griessinger_Figure 2B.tif: please indicate all three blue data bars

5.3. T cell-specific radioactive antibody-labeled TH1 cells demonstrate little loss in functionality as evidenced by IFN-gamma secretion [1-LM], a decreased efflux of radioactivity [2-LM], and a reduced induction of apoptosis [3-LM] compared to copper-PTSM-labeled TH1 cells [4-LM].

5.3.1. 55270_Griessinger_Figure2BC.tif: please indicate red data bars and/or add asterisks and brackets as in original Figure 2B in right graph
5.3.2. 55270_Griessinger_Figure2BCD.tif: please indicate red data bars and/or add asterisks and brackets as in original Figure 2C add in bottom left graph
5.3.3. 55270_Griessinger_Figure2BCDE.tif: please indicate cells in top right quadrant of middle dot plot
5.3.4. 55270_Griessinger_Figure2BCDE.tif: please indicate blue data bars in top left, top right and bottom right graphs and top right quadrant of right dot plot

5.4. Here representative high-resolution static PET [1-LM] and anatomical CT images after adoptive transfer of the monoclonal antibody-radiolabeled cells are shown [2-LM], with the images fused in the coronal, axial and sagittal view [3-LM] with the help of glass capillaries placed as just demonstrated [4-LM].

5.4.1. 55270_Griessinger_Figure3A.tif: please indicate middle/PET column of images
5.4.2. 55270_Griessinger_Figure3A.tif: please indicate left/CT column of images
5.4.3. 55270_Griessinger_Figure3A.tif: please indicate right PET/CT column of images
5.4.4. 55270_Griessinger_Figure3A.tif: please indicate at least one green circle

5.5. Volumes of interest were drawn on the pulmonary [1-LM] and perithymic lymph nodes [2-LM] on the decay-corrected and normalized PET images to calculate the percentage of injected dose per cm3 [3-LM].

5.5.1. 55270_Griessinger_Figure3B.tif: please indicate blue/purple ovals in pulmonary LN images 
5.5.2. 55270_Griessinger_Figure3B.tif: please indicate light blue ovals in perithymic LN images
5.5.3. 55270_Griessinger_Figure3B.tif: no animation

5.6. OVA-TH1 cell migration-tracking to the pulmonary [1-LM] and perithymic lymph nodes as OVA-presentation sites in an airway delayed-type hypersensitivity reaction [2-LM] reveals that the in vivo PET signals derived from the monoclonal antibody-radiolabeled OVA-TH1 cells are considerably higher than the signals from the copper-PTSM-labeled cells [3-LM].

5.6.1. Authors: please upload the images from Figure 4A together in one .ai, .tif or .psd file through the submission link without the A label: please indicate left images
5.6.2. Figure 4A: please indicate right images
5.6.3. Authors: please upload the graphs from Figure 4B together in one .ai, .tif or .psd file through the submission link without the B label or asterisks, pound signs or brackets: please add brackets and ###, ##, and # as in original Figure 4B in right graph

5.7. Further, the OVA-TH1 cell uptake values were significantly increased in the delayed-type hypersensitivity reaction-diseased animals [1-LM] compared to their untreated control littermates [2-LM].

5.7.1. Figure 4B: please add * and brackets in both graphs as in original Figure 4B
5.7.2. Figure 4B: please add ** and brackets in both graphs as in original Figure 4B
6. Conclusion (said by authors on camera)
6.1. Christoph Griessinger: Once mastered, this technique can be used to study the specific roles and sites of action of immune cells in animal models of human disease. 
6.2. Dorothea Reck: While attempting this procedure, it’s important to remember that each cell type might react differently to radioactivity and to adjust the amount of radioactivity used for the labeling accordingly.
6.3. Sabrina Hoffmann: After watching this video, you should have a good understanding of how to isolate and culture antigen-specific T cells, label these cells with a radioactive antibody and image their distribution and homing kinetics with PET/CT.
6.4. Andreas Maurer: Don't forget that working with radioactivity can be extremely hazardous and that precautions, such as using proper lead shielding, minimizing exposure times and maximizing the distance to the radioactive source, should always be taken while performing this procedure.   


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.  

5.1.1 – 55270_Griessinger_Figure2B – viability of radiolabeled TH1 cells
5.2.2 – 55270_Griessinger_Figure2BC – viability and functionality of radiolabeled TH1 cells
5.2.3 – 55270_Griessinger_Figure2BCD – viability, functionality and efflux of radiolabeled TH1 cells
5.2.4 – 55270_Griessinger_Figure2BCDE - viability, functionality, efflux and induction of apoptosis of/in radiolabeled TH1 cells
5.3.1 – 55270_Griessinger_Figure3A – image co-registration
5.4.1 – 55270_Griessinger_Figure3B – image analysis
5.5.1 – 55270_Griessinger_Figure4A – fused PET/CT images of pulmonary and perithymic LN
5.6.1 – 55270_Griessinger_Figure4B – uptake values of TH1 cell

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 are included in the email accompanying the finalized script.
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