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Authors, please fill out the brief questionnaire below.   

A.  Will you require JoVE to record video microscopy through a microscope (not on a computer screen attached to a microscope), such as filming a complex dissection or microinjection technique? (Y/N) N If yes, please list make and model of your microscope: and specify the steps by number/short description: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) N 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps: 4.2, 4.4, 4.5, 5.1, 5.2 and 5.3.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? The set-up of a complex stimulation assay. To ensure that we never forget important controls we always use the stimuli-fraction method.

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.  

Procedural Narrative:
The overall goal of this procedure is to study the response of human immune cells to respiratory syncytial virus, or RSV, infection. (Intro) 
This is accomplished by first culturing an infectious RSV stock on HeLa cells. (P1) 
In the second step, the cultured RSV stock is purified by ultracentrifugation. (P2) 
Next, primary human blood immune cells are isolated by density centrifugation. (P3) 
In the final step, the isolated immune cells are stimulated with the virus. (P4)
Ultimately, the cellular immune response to RSV infection can be assessed by ELISA, qPCR, or flow cytometry. (P5)

From Schematic Overview.ai
(P1) Please show P1 flask graphic, then have cap come off and pipette tip enter flask and dispense liquid/virus into orange culture
(P2) if possible, have ultracentrifuge graphic appear, then have P2 tube come out of ultracentrifuge, zoom into tube so that text and layers/pellet are visible OR show 3.4.1. (tubes going into ultracentrifuge) then then have P2 tube come out of ultracentrifuge, zoom into tube so that text and layers/pellet 
(P3) if possible, have benchtop centrifuge graphic appear, then P3 tube comes out of centrifuge, then zoom into tube so that layers and text are visible OR show 4.4.1. (tubes going into benchtop centrifuge) then P3 tube comes out of centrifuge, then zoom into tube so that layers and text are visible 
(P4) show 96 well plate with all white wells, then have pipette appear and dispense orange solution into first several wells
(P5) with “ELISA” show Figure 5.pdf; with “qPCR” show Figure 4.pdf; with “flow cytometry” show Figure 1.pdf

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 also use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)
1.1. Gerben Ferwerda: This technique is a valuable addition to studying respiratory syncytial virus. RSV is highly adapted to humans, therefore human immune cells are important tools to study the inflammatory pathways involved in the pathogenesis of the virus. 
1.2. Marloes Vissers: Although the virus used in this video is RSV, this method can easily be adapted to study inflammatory pathways induced by other viruses, such as influenza or rhinovirus.

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. Human respiratory syncytial virus (RSV) A2 Culture
2.1. Begin by warming a vial of human RSV seeding stock in a 37°C water bath. When the virus has thawed, dilute the stock in 4 ml aliquots of infection media per flask, keeping the MOI at 0.1 or below. 
2.1.1. WIDE: Talent placing vial in water bath
2.1.2. ECU: Shot of thawed stock
2.1.3. MED: Talent dilutes virus in 4 ml infection media (TEXT: Infection Media: DMEM + 1% Pen/Strep) 
2.2. Add the virus to the HeLa cells in as low a total volume as possible without causing the cells to dry out, and then incubate the cultures for 2-4 hours at 37°C and 5% CO2, swirling the flask every 15 minutes to redistribute the medium.
2.2.1. CU: Shot of virus being added to cells (TEXT: Low volume = High infection rate) 
2.2.2. MED: Talent placing flask(s) into incubator
2.2.3. MED: Few seconds of Talent swirling at least one flask
2.3. Next, remove the inoculum and wash the cells once with PBS. Then add 15 ml of culture medium to the flasks and incubate them for 3-5 days under the same culture conditions. 
2.3.1. MED: Few seconds of inoculum being removed from at least one flask
2.3.2. CU: Last few seconds of PBS being run down the side one flask and then first few seconds of PBS being aspirated
2.3.3. CU: Few seconds of culture medium being added to one flask (TEXT: Culture media: DMEM + 10% FCS + 1% Pen/Strep)
2.3.4. CU: Flask(s) being placed into incubator (TEXT: 37°C, 5% CO2)
2.4. Observe the cells once a day every day under normal bright field microscopy for virus-induced cytopathological changes. When these changes are observed, scrape the cells to harvest the RSV and then collect the suspension in a sterile 50 ml tube. 
2.4.1. MED: Talent at microscope looking at least one flask (TEXT: e.g. Syncytia formation, death, floating cells)
2.4.2. CU: Few seconds of cells/flask being scraped
2.4.3. MED: Talent removing full pipette from flask then dispensing cells into 50 ml tube
2.5. Vortex the cells and then centrifuge them for 10 minutes at 1800 x g and room temperature to pellet the cell debris. 
2.5.1. CU: Few seconds cells/tube being vortexed (TEXT: Scraping/vortexing releases viral particles)
2.5.2. MED: Talent placing tube(s) into centrifuge (TEXT: 10 min, 1800 x g, RT)
2.6. RSV does not pellet at this speed and therefore the supernatant can be stored at -80°C as seeding stock in 1 ml aliquots for future use. Always snap-freeze RSV in liquid nitrogen to prevent the loss of infectious virus particles.
2.6.1. ECU: Shot of tube with cell pellet (Video Editor: If possible, please add an arrow pointing to the bottom of the tube and “Cell pellet” TEXT and above an arrow pointing to the supernatant and “RSV does not pellet at this speed” TEXT.)
2.6.2. CU: Last 1 ml aliquot being dispensed, other aliquots visible in frame
2.6.3. MED: Talent snap freezing at least one aliquot in liquid nitrogen
3. RSV Purification 
3.1. To purify the RSV, begin by placing a sterile centrifuge tube in each bucket of an ultra centrifuge. Then add 5 ml of freshly prepared filter-sterilized sucrose solution to the bottom of each tube.
3.1.1. WIDE: Talent placing tube(s) into ultra centrifuge buckets
3.1.2. MED: Talent adds sucrose solution to at least one tube
3.2. Next, very slowly add 30 ml of the RSV solution on top of the sucrose solution, taking care not to disturb the sucrose solution and to keep the layers distinct. 
3.2.1. MED: Few seconds of Talent adding RSV on top of sucrose solution in one tube
3.2.2. CU: Shot of clear layers
3.3. Then, in a flow cabinet to maintain sterility, carefully balance the six ultracentrifugation buckets with sterile PBS to within 0.1 g of each other, including the caps. 
3.3.1. MED: ~10-12 of Talent at flow cabinet adding PBS and then a cap to at least one tube
3.4. Spin down the virus for 1.5 hours at 20,000 RCF and 4°C, and then, when the spin has completed, use sterile forceps to carefully remove the centrifuge tubes from the buckets. The virus particles will have passed through the sucrose layer to form a pellet.
3.4.1. MED: Talent placing bucket(s) into ultracentrifuge (TEXT: 1.5 hrs, 20,000 RCF, 4°C)
3.4.2. MED: Talent removes at least one tube from bucket(s) with forceps
3.4.3. ECU: Shot of pellet, if visible (TEXT: Cytokines/cell-secreted soluble factors remain in solution) OR Video Editor: If pellet is not visible, use P2 graphic of ultracentrifuged tube (TEXT: Cytokines/cell-secreted soluble factors remain in solution)
3.5. Tip the centrifuge tubes into a viral waste flask and let the tube drain upside down on a sterile surface. Do not to let the pellet completely dry out. Next carefully let 1 ml of HBSS run over the pellet and tip the centrifuge tube again to drain the HBSS. Then turn the tube upside-down, again being careful to keep the pellet from drying out. 
3.5.1. MED: Talent tips at least one tube, and lets tube drain upside down onto sterile surface for few seconds
3.5.2. CU: Shot of HBSS being carefully added to pellet (Combined 3.5.2 through 3.5.4)
3.5.3. CU: Shot of at least one tube being tipped/HBSS being drained 
3.5.4. CU: Shot of tube upside down
3.6. Now triturate the pellet 40 times in another ml of HBSS, taking care to avoid bubble formation as this can destroy the virus. 
3.6.1 3.5.3 by mistake MED: Talent adds HBSS to at least one tube, then triturates pellet/HBSS several times
3.7. Then snap-freeze aliquots of the virus in liquid nitrogen. Store the virus at -80°C until quantification and further use. 
3.7.1. CU: Shot of one aliquot being snap frozen
3.7.2. MED: Talent placing aliquot(s) at -80°C
4. Peripheral Blood Mononuclear Cell (PBMC) isolation from healthy volunteer blood 
4.1. After obtaining blood in 10 ml EDTA tubes from healthy volunteers, dilute the blood with room temperature PBS up to two times, to a maximum of 35 ml of diluted blood in a 50 ml tube. 
4.1.1. WIDE: Talent enters frame/lab with tube(s) of blood
4.1.2. MED: Talent adding PBS to 50 ml tube, up to 35 ml diluted blood maximum.
4.2. Next attach a sterile luer lock needle to a sterile 50 ml syringe and then aspirate density gradient media into the syringe. 
4.2.1. MED: Talent attaches needle to syringe
4.2.2. CU: Few seconds of density gradient being aspirated into syringe
4.3. Place the needle on the bottom of the tube of diluted blood and carefully pipette 15 ml of density gradient media under the blood, keeping a clean demarcation between the density gradient and the blood. 
4.3.1. CU: Shot of needle entering frame and going to bottom of tube, then few seconds of density gradient being dispensed under blood (included 4.3.2)
4.3.2. CU: Shot of clear layers between blood and density gradient
4.4. Now separate the cells for 20 minutes at 800 x g and room temperature at the maximum acceleration with the brake off. 
4.4.1. CU: Tube(s) being placed into benchtop centrifuge (TEXT: 20 min, 800 x g, RT, max acc, brake off)
4.5. After the separation, the erythrocytes are found in the pellet at the bottom of the tube with a silvery layer of neutrophils on top. The clear layer above the pellet contains the density gradient media and the thin layer between the density gradient media and the blood plasma layer on top contains the PBMCs. 
4.5.1. ECU: Shot of tube with layers (Video Editor: with “erythrocytes  … bottom of tube” please add an arrow pointing to the pellet/red cells with “Erythrocytes” TEXT; with “silvery layer … top” please add an arrow pointing to the pellet/silver layer with “Neutrophils” TEXT; with “clear layer … media” please add an arrow pointing to the clear layer with “Density gradient media” TEXT; with “blood plasma layer on top” please add an arrow pointing to the top/blood plasma layer with “Blood plasma” TEXT; with “contains the PBMCs” please add an arrow pointing to the layer between the clear layer and the top/blood plasma layer with “PBMCs” TEXT)
4.6. Use a Pasteur pipette to carefully collect the PBMCs. Then transfer the cells to a new 50 ml tube on ice, add ice-cold PBS to a volume of 50 ml, and pellet the cells.
4.6.1. CU: Pipette enters tube/frame, then few seconds of collecting PBMCs
4.6.2. MED: Talent adding PBMCs to 50 ml tube
4.6.3. CU: Few seconds of PBS being added to tube
4.6.4. MED: Talent adding tube(s) to centrifuge (TEXT: 10 min, 400 x g, 4°C, maximum brake)
4.7. When the spin has completed, aspirate the supernatant and wash the pellet in 50 ml of ice-cold PBS two times. 
4.7.1. ECU: Shot of pellet if visible, then few seconds of supernatant being aspirated (split into 2 takes)
4.7.2. CU: Tube(s) being added to centrifuge (TEXT: PBS, 10 min, 400 x g, 4°C, x2)
4.8. After the second wash, add 1 ml of ice-cold medium to the pellet, count the cells, and adjust the cell concentration to 5x106 PBMCs/ml.
4.8.1. CU: Medium being added to pellet
4.8.2. [bookmark: _GoBack]MED: Few seconds Talent at microscope, counting cells
4.8.3. MED: Talent adding media to cells
5. Stimulation of PBMCs with live RSV 
5.1. To stimulate the PBMCs with live RSV, first add 100 l of PBMCs to each well of a 96 well round bottom plate. Then add 50 l of two freshly diluted stimuli to each well.
5.1.1. WIDE: Few seconds Talent adding PBMC to a few wells of 96 well plate (TEXT: 5x105 PBMC/well)
5.1.2. MED – over the shoulder: Talent adding 50 l of stimuli to at least a few wells, with labeled stimuli containers visible in frame if possible
5.2. Incubate the plate for 24 hours at 37°C and 5% CO2 and then centrifuge the plate. 
5.2.1. MED: Talent placing plate in incubator
5.2.2. CU: Shot of plate being placed into centrifuge (TEXT: 5 min, 450 x g, RT)
5.3. Collect the supernatant for later analysis by ELISA.
5.3.1. CU: Few seconds of supernatant being aspirated/collected from at least one/a few wells
5.3.2. LAB MEDIA: Figure 5.pdf
5.4. The stimulated PBMCs in the pellet can be analyzed by qPCR or stained for flow cytometry.
5.4.1. LAB MEDIA: Figure 4.pdf
5.4.2. LAB MEDIA: Figure 1.pdf
6. Results: Representative human PBMC immune responses to RSV infection 
6.1. When performing a PBMC stimulation experiment, the stimuli-fraction method is suggested. With this method the conditions are divided into standard stimuli conditions, such as RPMI or human RSV, and test fraction conditions, such as muramyl dipeptide, or LPS. Importantly, a negative control, such as RPMI alone, and a positive control, such as LPS, are always included in each experiment. 
6.1.1. LAB MEDIA: Figure 2.ai (Video Editor: with “standard stimuli conditions such as RPMI” please highlight the RPMI text on the left side of the table; with “RSV” please highlight the RSV text on the left side of the table; with “test fraction conditions such as RPMI” please highlight the RPMI text on the top of the table; with “muramyl dipeptide” please highlight the MDP text on the top of the table; with “LPS” please highlight the LPS text on the top of the table; with “a negative … RPMI alone” please highlight the top two left lilac “Negative Control” cells; with “a positive .. LPS” please highlight the top right two purple “Control Condition” cells”).
6.2. After 24 hours of stimulation with RSV, different PBMC populations exhibit a dose-dependent infection rate and a difference in RSV infection efficiency. 
6.2.1. LAB MEDIA: Figure 3.pdf (Video Editor: with “different PBMC populations” please highlight/indicate x-axis texts [Monocytes, NK cells, CD4+ T cells, CD8+ T cells]; with “dose-dependent infection rate” please have one arrow for each data bar group stretch diagonally from the top of the light grey MOI 0.2 data bar to the top of the black MOI 5 data bar; with “difference … efficiency” please have arrow stretch from 0% to 60% along y-axis)
6.3. After 24 hours of stimulation with virus, qPCR analysis of the PBMC for the expression of TNF- or IFN-γ demonstrates that RSV induces robust upregulation of the transcription of these two inflammatory cytokines. Conversely, stimulation with muramyl dipeptide, or LPS, results in only a weak mRNA expression. When PBMCs are stimulated with both RSV and muramyl dipeptide together, a strong synergistic upregulation is observed. 
6.3.1. LAB MEDIA: Figure 4.pdf (Video Editor: with “expression of TNF-” please highlight the “TNF-” text; with “and IFN-” please highlight the IFN-G text; with “RSV induces … two inflammatory cytokines” please highlight/indicate the RSV data bars in each graph; with “stimulation with muramyl dipeptide” please indicate/highlight the MDP data bar in the left graph and the empty space above the MDP text on the x-axis in the right graph; with “or LPS results” please highlight the LPS data bar in the left graph and the empty space above the LPS text on the x-axis in the right graph; with “both RSV .. observed” please highlight the RSV+MDP data bars in both graphs)
6.4. Stimulated PBMCs were also analyzed for their production of TNF-α or IFN-γ by ELISA. In contrast to the observations at the transcriptional level, RSV is a poor inducer of TNF- and IFN-γ protein secretion by PBMC. Stimulation with muramyl dipeptide results in the production of low amounts of TNF-α and no IFN-γ. Similar to the transcriptional analyses, both TNF- and IFN-γ exhibit a synergistic upregulation when co-stimulated with RSV and muramyl dipeptide.
6.4.1. LAB MEDIA: Figure 5.pdf (Video Editor: with “production of TNF-” please highlight the TNF-” text; with “and IFN- by ELISA” please highlight the IFN- text; with “RSV is a poor inducer of TNF-” please highlight the RSV data bar in the left graph; with “and IFN- protein” please highlight the RSV data bar in the right graph; with “Stimulation with muramyl dipeptide … or TNF-” please highlight the MDP data bar in the left graph; with “and no IFN-” please highlight the MDP data bar in the right graph; with “both TNF-” please highlight the RSV+MDP data bar in the left graph; with “and IFN- exhibit” please highlight the RSV+MDP data bar in the right graph)
6.5. As a control to see whether cytokine induction is dependent on RSV replication, PBMCs were stimulated with live or β-propiolactone-inactivated RSV. As illustrated in the graphs, inactivated RSV induces inflammatory cytokine production at even higher levels than live RSV. 
6.5.1. LAB MEDIA: Figure 6.pdf (Video Editor: with “inactivated RSV … levels” please highlight the RSV-BPL data bars in both graphs; with “than live RSV” please stretch a bracket from the top of the RSV-BPL data bars in both graphs down to the RSV data bars in both graphs or similar animation to emphasize the differences in sizes of bars/amounts of cytokine production between both groups in each graph)

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/video/1597/results-example-mably?access=ksw0bprj

7. 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.
7.1. Marloes Vissers: Don't forget that experiments with RSV must be performed in a biological safety cabinet in a biosafety level 2 laboratory. Moreover, while attempting this method, it’s crucial to remember to use endotoxin-free reagents and materials throughout the entire procedure. 
7.2. Gerben Ferwerda: After watching this video, you should have a good understanding of how to stimulate human PBMCs with RSV and of several assays that can be used to analyze the immune response.

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.  

Schematic Overview.ai
Figure 2.ai
Figure 3.pdf
Figure 4.pdf
Figure 5.pdf
Figure 6.pdf

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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