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PLEASE READ THE INSTRUCTIONS IN THE GRAY BOXES CAREFULLY AND USE TRACK CHANGES WHILE MAKING ANY EDITS TO THE DOCUMENT. 
This document has several sections on separate pages, so take care to view each page.


Author Questionnaire:
Authors, please fill out the unanswered questions below.  

1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)  N
Can you record movies/images using your own microscope camera? (Y/N) N.A.
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? (Y/N) 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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.2, 2.5, 4.1, 4.6

4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
2.2, 2.5. Careful pipetting and minimal interface disruption.

5. Will the filming need to take place in multiple locations? (Y/N) N
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.


Why is your protocol significant? OR What key questions can this method help answer? 

1.1. Raffaello Cimbro: The overall goal of this methodology is to expand beyond the optical limits of most flow cytometers by allowing researchers to record five additional markers to interrogate complex cell populations. [1-INTERVIEW]

1.1.1. Raffaello Cimbro says the statement above in an interview-style shot, looking slightly off-camera.


What is the main advantage of this technique?

1.2. Raffaello Cimbro: Using this technique it is possible to achieve a deep immunophenotyping when working with instruments with a low number of detectors, or samples with limited number of cells. [1-INTERVIEW]

1.2.1. Raffaello Cimbro says the statement above in an interview-style shot, looking slightly off-camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.3. All studies of human materials were approved by the Institutional Review Board of Johns Hopkins University under the Health Insurance Portability and Accountability Act. 


Section - Protocol

2. Cell preparation

2.1. Begin this procedure by carefully transferring drawn blood into a 50-milliliter conical tube. [1-MED] Dilute the blood with an equal amount of PBS without calcium and magnesium. [2-CU]

2.1.1. Talent pouring blood from a 10-mL green-top tube into a 50-mL conical tube.
2.1.2. Appropriate amount of PBS being added to the 50-mL conical tube and mixed.

2.2. Add 15 milliliters of density gradient medium to the bottom of a new 50-milliliter conical tube. [1-MED] Carefully overlay the diluted blood on top of the density gradient medium, avoiding any mixing between the density gradient medium and diluted blood. [2-CU]

2.2.1. Talent adding 15 mL of Ficoll to the bottom of a new 50-mL conical tube.
2.2.2. Diluted blood (from 2.1) being carefully overlaid on top of the Ficoll in the 50-mL conical tube.

2.3. Centrifuge at 400 x g for 30 minutes at room temperature with no brake to avoid disruption of the interface. [1-MED-TXT]

2.3.1. Talent putting the 50-mL tube into the centrifuge and starting the spin.  TEXT: 400 x g; 30 min

2.4. After centrifugation, use a pipette to carefully aspirate and discard the upper layer, paying attention to not remove cells at the interface between the plasma and density gradient medium. [1-CU]

2.4.1. Upper layer being carefully aspirated from the 50-mL tube.

2.5. Collect as many peripheral blood mononuclear cells or PBMCs as possible from the interface without touching the red cell pellet at the bottom of the 50-milliliter conical tube and transfer to a new tube. [1-CU]

2.5.1. Interface layer being carefully aspirated and transferred to a new 50-mL conical tube.

2.6. Add PBS to bring the final volume to 25 milliliters and invert several times to mix. [1-MED] Then wash the PBMCs twice as indicated in the text. [2-MED] 

2.6.1. Talent adding PBS to the 50-mL conical tube and then inverts it a few times.
2.6.2. Talent putting the 50-mL tube into the centrifuge and starting the spin.  

2.7. After removing the platelets and counting the PBMCs as described in the text, resuspend the cells in PBS/0.1% sodium azide to a concentration of 1 x 107 cells per milliliter. [1-MED] 

2.7.1. Talent adding appropriate volume of PBS/0.1% sodium azide to a tube containing PBMCs and mixes it. 

3. Cell staining - general procedure

3.1. To prepare the PBMCs for staining, transfer 100 microliters of each sample to a 96-well V-bottom plate. [1-MED-TXT] 

3.1.1. Talent pipetting 100 microliters of each PBMC sample into a well of a 96-well V-bottom plate. TEXT: 1 x 106 cells per well

3.2. Centrifuge the plate at 350 x g for 3 minutes at room temperature. [1-MED-TXT] Carefully aspirate the supernatant without disturbing the cell pellet. [2-CU] Add to each well 100 microliters of PBS containing a live/dead fixable dye that reacts with free amine on proteins and leave for 10 minutes at room temperature to label dead cells. [3-MED]

3.2.1. Talent putting the plate into the centrifuge and starting the spin. TEXT: 350 x g; 3 min
3.2.2. Supernatant from each well being carefully aspirated. 
3.2.3. Talent adding PBS with dye to the wells and then leaving the plate for 10 minutes.

3.3. [bookmark: _Hlk526890033]For each sample, prepare 30 microliters of a mix containing all 7 antibodies. At this stage, titrated antibodies against different target molecules and in different fluorochromes can be added as well. [1-MED-TXT] 

3.3.1. Talent pipetting each of the 7 antibodies into a tube and then adding other antibodies. TEXT: Refer to Tables 1,2 and 3 in the manuscript for antibody type and concentration.

3.4. Centrifuge the 96-well plate at 350 x g for 3 minutes at room temperature [1-MED] and carefully aspirate the supernatant without disturbing the cell pellet. [2-CU] Add the antibody cocktail to each well and resuspend carefully without generating bubbles. [3-CU] Incubate for 30 minutes at room temperature in the dark. [4-MED]

3.4.1. Talent putting the plate into the centrifuge and starting the spin. Videographer: please get multiple usable takes; shot will be repeated later. TEXT: 350 x g; 3 min
3.4.2. Supernatant from each well being carefully aspirated. 
3.4.3. Antibody cocktail being added to each well and carefully mixed without creating bubbles.
3.4.4. Talent placing cover on the plate and then covering plate with aluminum foil. 

3.5. After 30 minutes, add 150 microliters of staining buffer to each well [1-CU] and centrifuge the plate at 350 x g for 3 minutes at room temperature. [2] Carefully aspirate the supernatant without disturbing the cell pellet and resuspend the cells in 200 microliters of PBS. [3-MED] The cells are now ready for flow cytometry analysis. [4-MED]

3.5.1. 150 microliters of staining buffer being pipetted into each well.
3.5.2. Use shot from 3.4.1.
3.5.3. Talent carefully aspirating supernatant from each well and then adding 200 microliters of PBS to each well and resuspending the cells.
3.5.4. Talent placed cover on the plate.

4. Antibody titration 

4.1. Anti-CD3, CD8, CD14, CD19 and TCR γδ (Voiceover: “TCR gamma delta”) antibodies are titrated with a maximum staining index curve. [1-MED] 

4.1.1. Talent setting out a 96-well plate, the 5 antibodies and the staining buffer.

4.2. Raffaello Cimbro: Antibody titration is the most critical step in this protocol to properly identify seven immune cell subsets using two fluorochromes. [1-INTERVIEW]

4.2.1. Raffaello Cimbro says the statement above in an interview-style shot, looking slightly off-camera.

4.3. To prepare a 2-fold antibody dilution, fill 10 wells of a 96-well plate with 40 microliters of staining buffer per well. For the purposes of this video, only the titration of anti-CD8 will be shown.  [1-CU] In the first well, increase the final volume to 80 microliters of staining buffer and add anti-CD8 at a concentration 4 times the concentration suggested by the manufacturer. [2-CU]

4.3.1. 40 microliters of staining buffer being pipetted into each of 10 wells of the 96-well plate. 
4.3.2. 40 microliters of staining buffer being pipetted into the first well followed by anti-CD8 being added to the well.

4.4. Mix well and transfer 40 microliters to the second well. Mix well and repeat this step for all the other wells. [1-CU]

4.4.1. Serial dilutions being performed for the row of 10 wells.

4.5. Stain 10 samples of PBMCs or whole blood with 30 microliters of the 10 different 2-fold dilutions of anti-CD8 following the protocol demonstrated earlier. [1-MED] 

4.5.1. Talent pipetting diluted anti-CD8 into the wells of a 96-well plate that contains PBMC samples. 

4.6. Acquire data with a flow cytometer [1-MED] and plot the signal from each dilution. [2-LM] 

4.6.1. Talent at the flow cytometer performing the analysis.
4.6.2. Figure 1A. Video editor: show the graphs one at time, from the lowest dilution (1:5) to the highest dilution (1:2560).

4.7. After calculating the stain index for each antibody concentration as detailed in the text, plot the stain index versus the antibody concentration expressed as a fraction of the antibody dilution, [1-LM] and identify the concentration of antibody with the maximum stain index value. [2-LM] 

4.7.1. Figure 1C. Video editor: show the graph without the black box and without  the text ‘optimal antibody concentration’
4.7.2. Figure 1C. Video editor: add the black box and ‘optimal antibody concentration’

4.8. To titrate the anti-CD4 and anti-CD56 antibodies, start with the 2-fold dilution strategy demonstrated earlier, adding additional concentrations in between to finely identify the range of concentration that will allow separation of CD4+T cells and NK cells from the other cell populations. [1-MED]

4.8.1. Talent pipetting anti-CD4 and CD56 antibodies to the first wells of a 96-well plate (all wells already filled with staining buffer) and then starting the serial dilution for anti-CD4 for dilutions 1:150, 1:300, 1:600, 1:1200. 
4.8.2. Added shot: Talent pipetting anti-CD4 in individual 1.5 mL microcentrifuge tubes for concentrations of antibodies that do not follow a serial dilution strategy (1:450, 1:750, 1:900, 1:1050) Not sure where this fits, but the footage should show.


4.9. Titrate the anti-CD4 antibody by placing the anti-CD4 signal between the double CD8+/CD3+ signal and the CD3 single positive population. [1-LM] 

4.9.1. Figure 1D. Video editor: show the graphs one at time, from the lowest dilution (1:150) to the highest dilution (1:1200).

4.10. Titrate the anti-CD56 antibody following a strategy similar to the anti-CD4 antibody titration, by placing NK cells between the CD3-negative and the CD3-positive populations. [1-LM]

4.10.1. 58955_figure for video_step 4.10.png

5. Gating Strategy

5.1. To begin this two-fluorochrome seven-marker gating strategy, [1-MED] select the lymphocyte gate and create a dot plot with one of the two fluorochromes used in this protocol on each axis. [2-SCREEN]

5.1.1. Talent at the computer, starting the analysis.
5.1.2. Screen capture: To be provided by the authors – show the lymphocyte gate being selected and then the dot plot created. (similar to left plot in Figure 2B) Authors, please upload this screen capture to your project page.

5.2. Gate on CD8-positive T cells identified as CD3 and CD8 double positive cells at the top right corner of the dot-plot. Exclude the dim CD8 population which might contain NKT cells. Gate on CD4-positive T cells identified as the population in between CD8-positive T cells and the CD3 single positive populations. Gate on γδ T cells identified as high CD3 cells. Subdivide γδ T cells to CD8-positive and CD8-negative. [1-SCREEN] 

5.2.1. Screen capture: To be provided by the authors – show gating of CD8+ T cells, exclusion of dim CD8 population, gating of CD4+ T cells, gating of γδ T cells, and subdivision of γδ T cells. (similar to right plot in Figure 2B) Authors, please upload this screen capture to your project page.

5.3. Gate on NK cells identified as the population in between CD3-positive and CD3-negative cells. Subdivide the NK cells to CD8-positive and CD8-negative. Gate on B cells identified as the CD3-negative CD19-positive population on the lower right corner of the dot plot. [1-SCREEN]

5.3.1. Screen capture: To be provided by the authors – show gating of NK cells, subdivision of NK cells, and gating of B cells. (similar to right plot in Figure 2B) Authors, please upload this screen capture to your project page.

5.4. Select the monocyte gate and create a dot plot with one of the two fluorochromes used in this protocol on each axis. Gate on the CD3-negative CD14-positive population. [1-SCREEN] 

5.4.1. Screen capture: To be provided by the authors – show selection of monocyte gate, creation of dot plot and gating on the CD3-/CD14+ population. (similar to Figure 2C) Authors, please upload this screen capture to your project page.




Section – Results

6. Results: analysis of samples from patients with multiple myeloma

6.1. Using this strategy, lymphocytes from a patient with multiple myeloma were gated on the basis of their forward scatter and side scatter [1-LM] and their flow cytometric profile. [2-LM] 

6.1.1. Figure 4A. Video editor: show left plot only.
6.1.2. Figure 4A. Video editor: add right plot.

6.2. CD8-positive memory subpopulations and naïve T cells were identified by the expression of CD45RA and CCR7. [1-LM] Expression of HLA-DR and CD57 was used to study T cell activation in CD8-positive naïve, [2-LM] memory, [3-LM] central memory, [4-LM] effector memory, [5-LM] and effector memory CD45RA-positive cells. [6-LM] 

6.2.1. Figure 4C. 
6.2.2. Figure 4D. Video editor: show left-most plot only.
6.2.3. Figure 4D. Video editor: add CD8+ Memory plot.
6.2.4. Figure 4D. Video editor: add CD8+ CM plot.
6.2.5. Figure 4D. Video editor: add CD8+ EM plot.
6.2.6. Figure 4D. Video editor: add CD8+ EMRA plot.

6.3. In a similar manner, [1-LM] CD4-positive naïve [2-LM] and memory T cells were identified. [3-LM] 

6.3.1. Figure 4E.
6.3.2. Figure 4F. Video editor: show CD4+ Naïve plot only.
6.3.3. Figure 4F. Video editor: add the other four plots.

6.4. Within the memory population, CCR4 and CCR6 were used to identify T helper subpopulations in CD4-positive T cells. [1-LM] Subpopulations of NK cells were characterized by CD16 and CD57 expression. [2-LM] 

6.4.1. Figure 4G and Figure 4H.
6.4.2. Figure 4I.

6.5. This strategy was used to investigate the dynamics in immune populations of longitudinal samples from a donor with multiple myeloma receiving a stem cell transplant. [1-LM] 

6.5.1. Figure 5A.

6.6. Characterization of CD8 [1-LM] and CD4 subpopulations [2-LM] over time showed a sustained CD4-positive and CD8-positive T cell activation and a skewing of T helper to a T helper 1 phenotype, [3-LM] but at day 60, the percentage of B cells dramatically augmented, predicting the patient relapse. [4-LM] 

6.6.1. Figure 5B.
6.6.2. Figure 5C.
6.6.3. Figure 5C. Video editor: emphasize the right-most plot.
6.6.4. Figure 5A. Video editor: emphasize the pink line (B cells).




Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

What is most important thing to remember when attempting this procedure? Please indicate the steps (e.g., 2.4., 2.5.) in the Protocol section this advice correlates to.

7.1. [bookmark: _GoBack]Raffaello Cimbro: Proper cell preparation (2.2, 2.5) and antibody titration (4.3, 4.4) are critical steps to achieve reliable results using this technique. [1-INTERVIEW]

7.1.1. Raffaello Cimbro says the statement above in an interview-style shot, looking slightly off-camera.

Following this procedure, what other methods can be performed? What questions would these additional methods answer?

7.2. Raffaello Cimbro: Antibodies targeting other markers can be added to accomplish deeper flow cytometry analysis and to create modular flow cytometric panels targeting several lineages at the same time. [1-INTERVIEW]

7.2.1. Raffaello Cimbro says the statement above in an interview-style shot, looking slightly off-camera.

7.1 and 7.2 statements were taken as a single shot following videographer suggestion.
After its development, did this technique pave the way for researchers to explore new questions within a specific scientific field? If so, how?

7.3. Raffaello Cimbro: Similar approaches, aimed at expanding the number of recordable markers, could also be developed using different sets of markers or for use in different animal models. [1-INTERVIEW]

7.3.1. Raffaello Cimbro says the statement above in an interview-style shot, looking slightly off-camera.
Are any of the reagents or instruments hazardous? If so, please use this interview statement to remind viewers of what precautions they should take.

7.4. Raffaello Cimbro: Do not forget that sodium azide can cause burns to the skin and eyes; therefore a lab coat, protective glasses and gloves should always be worn when handling this reagent.  [1-INTERVIEW]

7.4.1. Raffaello Cimbro says the statement above in an interview-style shot, looking slightly off-camera.

Thank you for following the instructions and addressing our questions. We will incorporate your answers/suggestions and send you the finalized script before your shoot. You will also receive detailed shoot preparation instructions in the email accompanying the finalized script.
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