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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: 1, 3, and 4
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  3.2.1. and 4.1 require an intravenous tail vein injection and blood sample collection via submandibular bleeds. Both of these techniques are difficult and require precision, thus training and extensive practice on regular basis are recommended. 
E. Will the filming need to take place in multiple locations? YES 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
Conceptual Narrative:
The overall goal of the following experiment is to synthesize and characterize lipid-based vaccine nanoparticles and to assess their ability to elicit antigen-specific, cytotoxic T lymphocyte expansion in vivo. (Intro) This is achieved by engineering “pathogen-mimicking” interbilayer-crosslinked multilamellar vesicles, or ICMVs (Pronounce: I-C-M-V’s), co-loaded with antigen and adjuvant (C1) for vaccination of naïve mice adoptively transferred with luciferase-expressing, antigen-specific CD8+ T cells. (C2) In the second step, the expansion of the antigen-specific CD8+ T cells is evaluated by whole animal in vivo imaging. (C3) Peripheral blood mononuclear cells harvested from the ICMV-immunized animals are then stained with fluorescently tagged tetramers (C4) and analyzed by flow cytometry to quantify the frequency of the endogenous antigen-specific CD8+ T cells within the systemic compartment. (C5) Ultimately, bioluminescent imaging can be used to track the expansion of the antigen-specific, cytotoxic T lymphocytes in response to the nanoparticle vaccination. (C6)
(C1) from 52771_Moon_SchematicIllustrations_Part1.pptx, please show left set of 3 single red-layered vesicles and have blue antigens enter vesicles, then have multiple red layers surround vesicles (like middle and right vesicle) sets and then add black squiggly lines to outside of layers like far right set of vesicles
(C2) from 52771_Moon_SchematicIllustrations_Part2-FINAL.ai page 1, please show first naïve albino mouse on page one and have syringe with green cells appear and inject green cells into tail vein

(C3) Have cells expand into lymphatic/spleen compartments as in second albino mouse on page 1
(C4) from 52771_Moon_SchematicIllustrations_Part2-FINAL.ai page 4, show few drops blood being collected from immuized B6 mouse, then have mouse disappear and zoom into tube of blood. Blood dissolves into cells and antibodies/tetramers appear and enter tube binding to cells, turning some cells red and some green like 3rd tube  
(C5) have tube enter flow cytometer and then show dot plot from from 52771_Moon_SchematicIllustrations_Part2-FINAL.ai page 4 and indicate/highlight cells withing oval gate OR just show dot plot from page 4 and indicate/highlight cells within oval gate

(C6) data from from 52771_Moon_SchematicIllustrations_Part2-FINAL.ai page 5 
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. James Moon: These methods can help answer key preliminary questions in vaccine design, such as what is the extent of cytotoxic T lymphocyte expansion and how do these cells traffic to various tissues in response to nanoparticle vaccination?  

1.2. Lukasz Ochyl: The main advantage of this technique over existing methods, like in situ T cell analysis after tissue necropsy, is that in vivo imaging of the T cell response is non-invasive, allowing longitudinal monitoring of the same animal. 
Protocol (read by voice talent at JoVE):
2. Interbilayer-crosslinked multilamellar vesicle (ICMV) synthesis and characterization
2.1. Begin by mixing a 1:1 molar ratio of DOPC (Pronounce: D-O-P-C) and MPB (Pronounce: M-P-B) in chloroform, maintaining a total lipid quantity of 1.26 micromoles per batch in a 20 ml glass vial. 
2.1.1. WIDE: Few seconds Talent mixing DOPC into chloroform aliquoting DOPC into 20 ml glass vial (TEXT:  See text for all reagent preparation/abbreviation details) 

2.1.2. MED: Talent adding MPB to chloroform, with DOPC and MPB container labels visible in frame if possible
2.2. Next, add lipophilic cargo to the lipid solution at the desired concentration and purge the solution with extra dry nitrogen gas to thoroughly remove the organic solvent.

2.2.1. CU: Liphophilic cargo being added to solution, with lipid solution container label visible in frame if possible (TEXT: e.g. MPLA/DiD) (Video Editor: Can skip text if lipophilic cargo container label is clearly visible) {Comment: MPLA container should be visible in the shot}
2.2.2. CU: Few seconds solution being purged with nitrogen gas

2.3. Place the sample under vacuum overnight. The next morning, add 200 microliters of 10 millimolar BTP containing the water-soluble cargo of interest to hydrate the lipid film. 
2.3.1. MED: Talent placing sample under vacuum

2.3.2. MED: Talent adding BTP to solution, with BTP container label visible in frame if possible (TEXT: e.g. protein antigens) 

2.4. Vortex the resulting solution for 10 seconds every 10 minutes for 1 hour at room temperature. Then transfer the contents to a 1.5 ml microcentrifuge tube. 
2.4.1. MED: Talent vortexing tube

2.4.2. CU: Solution being dispensed into microcentrifuge tube

2.5. Next, place the tube in an ice water bath with continuous sonication using the 40% intensity setting on a 125 W/20 kHz probe-tip sonicator. 
2.5.1. MED: Talent placing tube in water bath

2.5.2. MED/CU: Talent setting sonicator to 40% intensity/readout screen indicating/being set to 40% intensity

2.6. After 5 minutes, add 4 microliters of 150 millimolar DTT (Pronounce: D-T-T) to the tube, vortex to mix, and spin down the sample in a microcentrifuge.

2.6.1. CU: DTT being added to tube, with DTT container label visible in frame if possible

2.6.2. CU: Few seconds tube being vortexed

2.6.3. MED: Talent placing tube(s) into centrifuge
2.7. Then mix 40 microliters of 200 millimolar calcium chloride into the sample, followed by crosslinking of the MPB-containing lipid layers with DTT at 37°C for 1 hour.
2.7.1. MED: Talent adding calcium chloride to tube, with calcium chloride container visible in frame if possible

2.7.2. MED: Talent placing tube at 37°C, with DTT container label visible in frame if possible/appropriate
2.8. At the end of the incubation, spin down the solution three times. Add 200 microliters of double distilled water during the second and third centrifugations to remove the remaining calcium chloride, unreacted DTT, and unencapsulated cargo materials from the supernatant.
2.8.1. CU: Tube(s) being placed into centrifuge (TEXT: 15 min, 20,000 x g, 4°C, x3) 

2.8.2. CU: Shot of pellet if visible then water being added to tube, with double distilled water container label visible in frame if possible (TEXT: ddH2O wash x2)

2.9. After the last spin, resuspend the ICMVs in 100 microliters of freshly prepared PEG-thiol for 30 minutes at 37°C.

2.9.1. CU: Shot of pellet if visible, then few seconds pellet being resuspended in PEG-SH, with PEG-SH container label visible in frame if possible

2.10. Then wash the vesicles two mores times in double distilled water, resuspending the final pellet in PBS, and store the ICMVs at 4°C. [Video editor: 2 takes of VO, one saying “4°C”, one saying “on ice” per changed shot below]
2.10.1. MED: Talent placing tube(s) into centrifuge

2.10.2. MED: Talent adding PBS to tube, with PBS container label visible in frame if possible

2.10.3. MED: Talent placing tube(s) at 4°C on ice
2.11. To characterize the particles, mix the cold ICMV suspension before diluting a small aliquot of the sample in a total volume of 1 ml of double distilled water.

2.11.1. CU: Few seconds ICMV being triturated

2.11.2. CU: Aliquot being dispensed into water
2.12. Then place the ICMVs in a zetasizer cell and use a dynamic light scattering and zeta potential measuring system to measure the particle size, polydispersity index, and zeta potential of the samples according to the manufacturer’s instructions.
2.12.1. CU: ICMVs being dispensed into cuvette

2.12.2. MED: Talent loading cuvette into zetasizer OR LAB MEDIA: Figure 1B-video.tif 
3. Whole animal imaging of antigen-specific, luciferase-expressing CD8+ T cell expansion after nanoparticle vaccination 
3.1. To isolate OVA-specific, luciferase-expressing CD8+ T cells, first harvest the spleens from OT-one-luciferase transgenic mice. 

3.1.1. WIDE: Talent removing spleen from mouse (Videographer: More Talent than mouse in shot) (TEXT: Euthanasia: CO2 asphyxiation + pneumothorax)
3.2. Place the tissues in 5 ml of ice cold PBS and 2% FBS and then, in a tissue culture hood, use the plunger from a 3 ml syringe to grind up to 3 spleens at once through a 70 micron strainer into a 50 ml conical tube.

3.2.1. CU: Spleen being placed into PBS (container at least one other spleen if possible)

3.2.2. MED: Shot of Talent at hood, grinding spleens through strainer
3.3. Wash the plunger and the strainer with PBS and 2% FBS. Then bring the total volume of the splenocyte suspension to 10 ml/spleen.

3.3.1. CU: Few seconds plunger/strainer being washed with PBS/FBS

3.3.2. CU: Last few seconds of PBS/FBS being added to tube/reaching 10 20 ml, with gradations visible if possible {Comment: two spleens were used in this preparation with a 10 ml per spleen volume we increased it to 20}
3.4. Determine the total cell number, and then spin down the cells. 
3.4.1. MED: Few seconds Talent counting cells

3.4.2. MED: Talent placing tube(s) into centrifuge (TEXT: 10 min, 300 x g, RT)
3.5. Next, use a commercially available magnetic negative selection kit to isolate the CD8+ spleen cells according to the manufacturer’s instructions. 
3.5.1. MED: Talent placing column onto magnet/cells onto column/other appropriate representative shot, with magnetic bead containers/kit visible in frame if possible

3.5.2. Added shot: MED: Clear cell solution poured out of the tube in magnet.
3.5.3. Added shot: MED: Magnetic-beads-containing tube being pulled out of the magnet {Comment: these shots are not particularly necessary, but provide some continuity for the cell purify specific cells}

3.6. Then wash the T cells in PBS, count them, and incubate 2-3x105 of the cells in 20 microliters of mouse CD16-32 blocking antibody.

3.6.1. CU: PBS being added to tube

3.6.2. CU: Shot of cell counter being clicked or other appropriate cell counting shot

3.6.3. CU: CD16/32 being added to cells, with antibody container label visible in frame if possible

3.7. After 10 minutes, add 20 microliters of anti-CD8-APC antibody to the cells for 30 minutes and assess the purity of the magnetic bead-isolated CD8+ T cell population by flow cytometry.

3.7.1. CU: Antibody being added to cells, with antibody container label visible in frame if possible

3.7.2. MED: Talent loading cells onto flow cytometer OR LAB MEDIA: 3-7-2 FACS purity plot-video.tif 
3.8. Next, adoptively transfer 1-10 × 105 OT-one-luciferase CD8+ T cells into naïve, shaved albino C57BL/6 mice in 200 microliters of PBS via intravenous tail vein injection. Twenty-four hours later, administer the vaccine.

3.8.1. CU: Showing just end of mouse/tail, few seconds T cells being injected iv
3.8.2. CU: Showing just end of mouse/tail, vaccine being administered sc (TEXT: See text for vaccine delivery details)

3.9. At the appropriate number of days post vaccination, inject the animals with 150 mg/kg of luciferin.

3.9.1. CU: Luciferin being injected (TEXT: See text for suggested imaging time points) 

3.10. After 10 minutes, acquire the bioluminescence signal for 5-10 minutes with a whole animal imaging system to visualize the OT-one-luciferase CD8+ T cells.
3.10.1. MED: Talent placing mouse/mice into IVIS (TEXT: Anesthesia: 3% 1.5% isoflurane) {Comment: 3% isoflurane is used to initially anesthetize the animals, but after placement in the IVIS, a maintenance 1.5% isoflurane dose is used}
3.10.2. MED – over the shoulder: Talent at system, looking at images on screen or SCREEN: Image(s) of at least one mouse/T cells
4. Peptide-MHC tetramer staining of PBMCs for antigen-specific CD8+ T cell analysis 

4.1. To determine the number of antigen-specific CD8+ T cells, at the appropriate time post vaccination, collect approximately 100 microliters of blood from the vaccinated mice via the submandibular bleeding technique into a tube coated with potassium-EDTA.

4.1.1. WIDE: Few seconds Talent collecting blood (Videographer: More Talent than mouse in shot)

4.1.2. CU: Few seconds blood being collected into tube (Videographer: Just tube and blood collection, minimal head shot of mouse as possible)
4.2. Invert the tube several times to prevent clotting. Then transfer 100 microliters of blood to a microcentrifuge tube and add 1 ml of ACK lysis buffer. 
4.2.1. CU: Few seconds tube being inverted

4.2.2. CU: Blood being dispensed into tube

4.2.3. CU: ACK being added to tube, with ACK lysis buffer container label visible in frame if possible

4.3. After 2-3 minutes, centrifuge the cells and remove the supernatant. 
4.3.1. MED: Talent placing tube(s) into centrifuge bucket (TEXT: 5 min, 1500 x g, RT) 

4.3.2. CU: Shot of white pellet if possible, then few seconds supernatant being removed (TEXT: Repeat lysis if pellet still red)

4.4. Wash the remaining PBMCs in 1 ml of FACS buffer and block the non-specific binding with CD16-32 as just demonstrated.

4.4.1. MED: Talent adding FACS buffer to cells, with FACS buffer container label visible in frame if possible

4.4.2. MED: Talent adding CD16/32 to cells

4.5. After 10 minutes, divide the cell suspension into 4 ml round bottom FACS tubes and add 20 microliters of H-2Kb (Pronounce: H-two-K-B) OVA Tetramer-SIINFEKL-PE (Pronounce: oh-vah tetramer sin-feckle-P-E) solution to each sample according to the manufacturer’s specifications.

4.5.1. MED: Talent adding cells to at least one tube, with other tubes visible in frame if possible

4.5.2. CU: Tetramer being added to at least one tube, with tetramer container label visible in frame if possible  

4.6. After 30 minutes on ice, add 20 microliters of the appropriate antibody cocktail to each experimental sample and the single fluorophore control antibodies for each fluorophore-tagged tetramer or antibody to each control sample.

4.6.1. CU: Few seconds at least one antibody being added to tube, with antibody containers visible in frame (okay if labels not legible) as possible  (TEXT: e.g. alphaCD8-APC, alphaCD44-FITC, and alphaCD62L-PECy7) 
4.6.2. CU: Shot of control antibody being added to tube, with control antibody container label visible in frame if possible

4.7. Finally, after another 20 minute incubation, wash all of the samples in FACS buffer, resuspend the pellets in FACS buffer supplemented with DAPI, and analyze the samples by flow cytometry.

4.7.1. MED: Talent adding FACS buffer to at least one tube, with FACS buffer container label visible in frame if possible

4.7.2. CU: FACS/DAPI being added to at least one tube, with FACS/DAPI container label visible in frame if possible

4.7.3. LAB MEDIA: Figure 4A-video.tif
5. Results: ICMV vaccination elicits endogenous OVA-specific CD8+ T cell expansion 
5.1. ICMVs co-loaded with fluorophore-tagged protein antigens and fluorescent lipophilic dyes allow the visualization of antigen and nanoparticle delivery in vivo. For example, confocal microscopy imaging indicates that soluble antigen delivered subcutaneously at the base of the tail reaches the draining lymph nodes within 4 hours of administration and is cleared by 24 hours.

5.1.1. LAB MEDIA: Figure 2-revision.pdf 

(Video Editor: with “soluble … 24 hours” please highlight the top row of images; 

with “reaches … 4 hours” please indicate the top 4 hr image; 

with “cleared by 24 hours” please indicate the top 1 d image)

5.2. In contrast, OVA-loaded ICMVs are first detected at the periphery of the draining lymph nodes by 24 hours after administration, with a continued accumulation that results in a large deposit of OVA-ICMVs within the draining lymph tissue by day 4.

5.2.1. LAB MEDIA: Figure 2-revision.pdf 

(Video Editor: please highlight bottom row of images during entire 5.2. narration; 

with “periphery … administration” please indicate the blue line of fluorescence in the bottom 1 d image; 

with “resulting … by day 4” please indicate the bottom 4 d/some blue staining in the bottom 4 d image)

5.3. Indeed, bioluminescence imaging of C57BL/6 mice adoptively transferred with OT-one-luciferase CD8+ T cells on the day of vaccination demonstrates a minimal background level of OT-one-luciferase T cells.
5.3.1. LAB MEDIA: Figure 3-revision.pdf (Video Editor: Please highlight the top two of OVA-ICMVs Day 0 images)

5.4. By day 4 post vaccination, however, mice immunized with the OVA-MPLA-ICMVs exhibit a robust bioluminescence signal within the draining inguinal lymph nodes. The soluble OVA-vaccinated mice, on the other hand, demonstrate a much reduced expansion of the OT-one-luciferase CD8+ T cells within the draining lymph nodes.

5.4.1. LAB MEDIA: Figure 3-revision.pdf (Video Editor: with “mice immunized … inguinal lymph nodes” please highlight the bottom two OVA-ICMVs Day 4 images; with “soluble … cells within the draining lymph node” please highlight the bottom two OVA Day 4 images)

5.5. Further, mice immunized with soluble OVA and MPLA without any adoptive transfer of antigen-specific T cells do not exhibit an appreciable expansion of OVA-specific CD8+ T cells as indicated by weekly monitoring of the PBMCs. 

5.5.1.  LAB MEDIA: Figure 4-revision.pdf 

(Video Editor: with “mice … transfer of antigen-specific T cells” please highlight the top left dot plot; 

with “do not … PBMCS” please highlight the bottom left density plot and the black data line)

5.6. ICMV vaccination, however, elicits a significantly stronger endogenous CD8+ T cell response, achieving a peak 28% of the SIINFEKL-tetramer+ T cells within the CD8+ T cell compartment among PBMCs by day 41.

5.6.1. LAB MEDIA: Figure 4-revision.pdf 

(Video Editor: with “ICMV vaccination” please highlight the top right dot plot; 
with “elicits … response” please highlight the bottom right density plot; 
with “achieving … day 41” please highlight the red data line and indicate the ~day 41 data point)

6. Conclusion (said by authors on camera)
6.1. James Moon: After watching this video, you should have a good understanding of how to synthesize lipid-based nanoparticles, perform immunizations, and visualize and quantify the CTL expansion in vivo.
6.2. Lukasz Ochyl: These methods can be further modified to reveal additional information about the CTL response. For example, the tetramer-staining assay can be supplemented with additional markers, such as CD127, Bcl-2, and KLRG-1, to assess the memory phenotype of the cells. 
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.  

52771_Moon_SchematicIllustrations_Part1.pptx

52771_Moon_SchematicIllustrations_Part2-FINAL.ai 

Figure 2-revision.pdf

Figure 3-revision.pdf

Figure 4-revision.pdf

Newly submitted files:
Figure 1B-video.tif

Figure 4A-video.tif

3-7-2 FACS purity plot-video.tif
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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