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A. Microscopy: Does your protocol involve video microscopy? N
B. Does your protocol include software usage? N
C. Which steps of from the protocol section below will viewers benefit most from having filmed? 
2.1., 2.6., 3.1., 3.3., 3.4., 3.6.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
3.4.
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 significance of your method to the viewer. Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Jonathan Schneck: This method can help answer key questions in basic immunology about the presence of neoepitopes and antigen-specific dynamics and how these factors affect disease states for effective cellular therapy.
1.2. Jonathan Schneck: The main advantage of this technique is that we can enrich and expand rare antigen-specific T cells to sufficient numbers for their further investigation or utilization as a therapy.  

B.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. John Hickey: The implications of this technique extend toward immunotherapy, as the nanoparticle artificial antigen-presenting cell could be an off-the-shelf product that is easily tailored for individual patient immune responses.  
C. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)

D. Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.4. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at Johns Hopkins University.

Protocol: (read by voice talent at JoVE)
2. Artificial Antigen Presenting Cell (aAPC) Nanoparticle Formation
2.1. To generate nanoparticle artificial antigen presenting cells, resuspend the lyophilized particles in 1 mL of resuspension buffer [1-WIDE-TXT] and vigorously vortex the suspension for at least 15 minutes until no aggregates are visible [2-CU].
2.1.1. Talent adding buffer to particles, with buffer container visible in frame (TEXT: See text for all reagent/medium preparation details)
2.1.2. Suspension being vortexed, then show of suspension with no visible aggregates 
2.2. John Hickey: “Particles not sufficiently vortexed and resuspended prior to the reaction with protein will result in larger aggregated particles that are not able to be dissociated.” [1-MED-over the shoulder]
2.2.1. John Hickey, speaking the above interview style (looking just off-camera)

2.3. Place the magnetic particles on a magnetic stand to remove the supernatant [1-MED] and resuspend them with 0.5 mL of fresh resuspension buffer [2-CU].

2.3.1. Shot of particles on stand, then Talent aspirating supernatant
2.3.2. Shot of particle pellet if visible, then particles being resuspended, with buffer container label visible in frame

2.4. Transfer the particle suspension to a glass scintillation vial for vortexing until no aggregates are visible [1-MED] and add 0.1 mg of total stimulatory signals per 1 mg of resuspended particles [2-CU].

2.4.1. Talent adding suspension to vial, with vortex visible in frame if possible
2.4.2. Protein being added to vial, with protein container label visible in frame

2.5. After vortexing, allow the suspension to react for 2.5 hours at room temperature with mixing in a rotator [1-MED] followed by the addition of 0.1 mL of quenching buffer for an additional 30-minute incubation room temperature with mixing [2-CU].

2.5.1. Talent placing vial onto rotating mixer
2.5.2. Buffer being added to vial, with buffer container label visible in frame

2.6. At the end of the second reaction, place the scintillation vial onto the magnetic stand [1-MED] and wash the particles in 1 mL of resuspension four times [2-CU], removing the buffer when it turns clear after each wash [3-CU] and replacing it with fresh resuspension buffer for the subsequent wash on the magnet [4-MED].

2.6.1. Talent placing vial onto stand
2.6.2. Wash being added to vial
2.6.3. Shot of clear supernatant, then supernatant being aspirated
2.6.4. Talent adding buffer to vial, with buffer container visible frame

2.7. After the last wash, aspirate the solution [1-CU] and remove the particles from the magnetic stand [2-MED].

2.7.1. Talent placing vial onto bench

2.8. Then store the particles in 1 mL of fresh resuspension buffer at 4 °C for up to 6 months [1-CU].

2.8.1. Vial being placed at 4 °C

3. Antigen-Specific CD8+ T Cell Enrichment and Expansion

3.1. To isolate antigen-specific CD8+ T cells, macerate the spleens and lymph nodes from wildtype C57BL/6J mice [1-WIDE] through a sterile 70-micrometer cell strainer with frequent PBS rinses [2-CU] and use a no-touch CD8+ T cell isolation kit according to the manufacturer’s instructions to eliminate the non-CD8+ T cells [3-MED].

3.1.1. Talent adding tissue(s) to strainer
3.1.2. Tissues being macerated, with PBS container label visible in frame
3.1.3. Talent adding cells to column

3.2. After counting, collect the isolated CD8+ T cells by centrifugation [1-MED-TXT] and resuspend the pellet in 100 microliters of PBS supplemented with 0.5% bovine serum albumin and 2 mM EDTA [2-CU].

3.2.1. Talent adding tube(s) to centrifuge (TEXT: 1500 RPM for 5 minutes at 4 °C)
3.2.2. Shot of pellet, then PBS + BSA + EDTA being added to cells, with PBS + BSA + EDTA container label visible in frame

3.3. Then incubate cells with the nanoparticle artificial antigen-presenting cells such that  there are 1 x 1011 peptide-loaded MHC-Ig [1-MED] per 1 x 106 isolated CD8+ T cells in a sterile 5 mL polystyrene round bottom tube [2-CU] for 1 hour at 4 °C with continual mixing [3-CU]. 

3.3.1. Talent adding nanoparticles to 5-mL tube
3.3.2. Cells being added to 5-mL tube
3.3.3. Tube being mixed

3.4. At the end of the incubation, wash the nanoparticle-cell suspension three times on the magnetic stand as demonstrated [1-MED-TXT], resuspending the artificial antigen presenting cells and the enriched CD8+ T cells in 500 microliters of fresh supplemented medium with 1% T cell growth factor after the last wash [2-CU].

3.4.1. Talent adding buffer to tube (TEXT: 1st wash: PBS + 0.5% BSA + 2 mM EDTA; 2nd wash: Supplemented medium; 3rd wash: Supplemented medium + 1% TCGF)
3.4.2. Medium being added to cells, with medium container label visible in frame
3.5. John Hickey: “For maximum cell recovery, it is critical to leave the particles and cells on the magnetic column for at least 2 minutes and to aspirate the buffer carefully without disrupting the particles and cells subject to the magnetic field.” [1-MED-interview style]

3.5.1. John Hickey, speaking the above interview style (looking just off-camera)

3.6. After counting, seed 2.5 x 105 enriched CD8+ T cells and magnetic particle mixture/160 microliters of supplemented medium plus 1% TCGF in a 96-well, U-bottomed plate [1-MED-TXT] 

3.6.1. Talent adding cells to well(s), with medium container visible in frame. (TEXT: See text for isolation w/ aAPC w/ peptide-loaded MHC-Ig and separate co-stimulatory particles)

3.7. On day 3, feed the cells with 80 microliters of supplemented medium with 2% T cell growth factor per well [1-MED-over the shoulder] and return the plate to the cell culture incubator for four more days [2-CU].

3.7.1. Talent adding medium to well(s), with medium container visible in frame
3.7.2. Plate being placed into incubator 

3.8. On day 7, harvest the stimulated cells into a 5-mL round bottom tube for counting [1-MED] and collect the cells by centrifugation [2-MED-over the shoulder-TXT].

3.8.1. Talent adding cells to tube
3.8.2. Talent adding tube(s) to centrifuge (TEXT: 1500 RPM for 5 minutes at 4 °C)

3.9. Resuspend the pellet in 0.5 mL of PBS supplemented with 0.05% sodium azide and 2% fetal bovine serum for counting [1-CU] and aliquot 5 x 104 - 5x105 cells into new 5-mL round bottom tubes for antigen-specific staining [2-MED].

3.9.1.  Shot of pellet if visible, then pellet being resuspended, with PBS + sodium azide + FBS container label visible frame
3.9.2.  Talent adding cells to tube(s)

3.10. Label the appropriate tubes with biotinylated MHC-Ig (M-H-C-I-G) and anti-mouse CD8a for 1 hour at 4 °C [1-CU-TXT] followed by a centrifuge wash in fresh PBS to remove any excess biotinylated immunoglobin [2-MED-TXT].

3.10.1.  Antibod(ies) being added to tube(s), with antibody container labels visible in frame (TEXT: See text for Ab concentration details)
3.10.2.  Talent adding tube(s) to centrifuge (TEXT: 1500 RPM for 5 minutes at 4 °C)

3.11. Then stain the samples with an appropriate streptavidin-conjugated secondary antibody [1-CU] and an appropriate live-dead fixable dead cell stain for 15 minutes at 4 °C [2-CU] and read the cells on a flow cytometer to determine the specificity and number of the antigen-specific CD8+ T cells according to standard protocols [3-MED].

3.11.1.  Secondary antibody being added to tube, with antibody container label visible in frame 
3.11.2.  Live/dead fixable dead cell stain being added to tube, with live/dead fixable dead cell stain container label visible in frame
3.11.3.  Talent loading tube onto cytometer
4. Results: Representative Enrichment and Expansion of Antigen-Specific CD8+ T Cells 

4.1. Here a successful protein conjugation was achieved using three different methods of protein attachment to particles [1-LM].

4.1.1. Fig. 5a.png: Video Editor: please subsequently emphasize data clusters

4.2. If the aAPC ligand density is too low, there will not be an effective stimulation of the antigen-specific CD8+ T cells [1-LM].

4.2.1. Fig. 5b.png: Video Editor: please emphasize data points between 100 and 1000

4.3. Quality control of the biotinylated dimer can be completed on transgenic CD8+ T cells to verify staining [1-LM]. For example, these representative results demonstrate a positive staining with gp100 (G-P-one hundred)-specific CD8+ T cells [2-LM] with non-antigen-specific B6 CD8+ T cells as a background control [3-LM].

4.3.1. Figure 7.png: no animation
4.3.2. Figure 7.png: Video Editor: please emphasize PMEL graphs
4.3.3. Figure 7.png: Video Editor: please emphasize B6 graphs

4.4. Further, knowledge of the background staining of the biotinylated dimer is critical [1-LM], as any percentage lower than this staining in the cognate stained-tubes should be considered a negative result [2-LM].

4.4.1. Fig. 8a.png: Video Editor: please emphasize gate in non-cognate graph
4.4.2. Fig. 8a.png: Video Editor: please emphasize staining below gates in s1/2 aAPC and s1 + s2 graphs

4.5. After 7 days of enrichment and expansion, between 2 x 104 - 2 x 105 antigen-specific [1-LM], and 5-50% CD8+ T cells can be expected from an original 5 x 106 endogenous CD8+ T cell starting population [2-LM].

4.5.1. Fig. 8c.png: Video Editor: please emphasize s1 s1 + s2 data cluster in original Figure 8c graph 
4.5.2. Fig. 8b.png: Video Editor: please emphasize s1 s1 + s2 data cluster in original Figure 8b graph

4.6. The same methodology can be used to isolate and stimulate human antigen-specific CD8+ T cells [1-LM], with similar increases in percentages and numbers of antigen-specific CD8+ T cells observed after only one week of expansion following enrichment [2-LM].

4.6.1. Fig. 9a.png: Video Editor: please emphasize gates/cells in gates of Day 7 graphs
4.6.2. Fig. 9b.png: Video Editor: please outline/emphasize original Figure 9 graphs
 
5. Conclusion (said by authors on camera):
5.1. John Hickey: While attempting this procedure, it’s important to remember to perform the appropriate reagent quality checks as described.
5.2. John Hickey: Following this procedure, other methods, like flow cytometry for intracellular cytokine staining or surface protein expression, can be performed to answer additional questions about the functionality or phenotype of the cells.
5.3. John Hickey: This technique paves the way for researchers in the basic immunology field to explore the breadth, depth, and dynamics of antigen-specific responses in other biomedical fields, such as cancer, infectious disease, or autoimmunity research.    

Provided Media

Authors, please list all images, movie files, or 3-D rendered animations that are to be included in the video per editor’s request. The step in the script/video where the files will be inserted should be indicated before the file name (please do not name files with step number, as step numbers may change with revisions). For example:

3.1.1. Figure1.tif - dual color imaging of tumor angiogenesis at 40X 
3.1.2. 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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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 in the email accompanying the finalized script.
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