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A.  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)___NA______  
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: __NA____
B.   Software Usage: 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 individual steps using the step numbers listed in this document. (Please do not list entire sections.) __2.1 to 2.7 (These have been removed because the authors did not want the lentiviral preparation to be part of the narrative.)
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
D.  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.) _2.4 to 2.6__(These have been removed – see C above).
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
E.  Will the filming need to take place in multiple locations? (Y/N) ___N____ If yes, how far apart are the locations? __

1. Introduction (Experimental Goal and Author Interviews) 
A. Experimental Goal: (read by voice talent at JoVE)

The overall goal of this protocol is to formulate technologies that allow successful gene transduction in primary NK cells. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Arash Nanbakhsh: This method can help answer key questions in the immunotherapy field, like the effect of genetic modifications on effector lymphocytes such as Natural Killer, or NK cells. 
1.2. Arash Nanbakhsh: The main advantage of this technique is the efficient expression of a gene of interest in primary mouse or human NK cells.   

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!) 
[bookmark: _GoBack]** Arash Nanbakhsh: Demonstrating the procedure will be NAME, a (technician, post doc, grad student) from my laboratory. (Add additional mention of demonstrators as necessary).  
1.2.1. Interview style: Author saying the above 
1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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

1.9. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) within the Biomedical Research Center (BRC) of the Medical College of Wisconsin (MCW), Milwaukee, WI.  The use of human peripheral blood mononuclear cells (PBMCs) was approved by the Institutional Review Board (IRB) of the Blood Research Institute of the Blood Center of Wisconsin, Milwaukee, WI.


Protocol: (read by voice talent at JoVE)
(Removed lentiviral vector preparation and titration per authors.)

2. Purification and Expansion of Murine Primary NK Cells 
2.1. After preparing and titrating lentiviral vectors according to the text protocol, purify murine primary NK cells by passing single-cell spleen suspensions through nylon wool columns to deplete the adherent populations consisting of B cells and macrophages [1-CU].
2.1.1. Talent adds NK cells suspension through a nylon wool column 
2.2. Use 1,000 U/mL of interleukin-2 in RPMI 1640 complete medium to culture the non-adherent population that contains NK cells [1-MED/CU-TXT].
2.2.1. Talent plates the non-adherent cells (TEXT:  RPMI1640 medium with 10% FBS, 100 U/mL pen, 100 µg/mL strep, 1 mM sodium pyruvate, 5% of 7.5% sodium bicarbonate, and 0.001% ME).
2.3. On day 4 of culture, replace the medium using 20 mL of RPMI1640 complete medium and 1,000 U/mL of IL-2 to remove the non-adherent T and NKT cells [1-CU].
2.3.1. Talent replaces medium with RPMI1640 with IL-2
2.4. On day 7, use NK cell-specific markers to check the purity of the murine NK cells by flow cytometry [1-MED], using preparations with a greater than 95% CD3-negative and NK1.1 positive population [2-LM].  
2.4.1. Talent places cell sample into FACS machine
2.4.2. LAB MEDIA Plot showing a preparation with a greater than 95% CD3-negative and NK1.1 positive population.  **Authors need to provide figure here.**
3. Purification and Expansion of Human Primary NK Cells
3.1. To isolate peripheral blood mononuclear cells, or PBMCs, carefully layer 35 mL of half diluted cells over a 15 mL density gradient in a 50 mL canonical tube [1-CU-TXT].  Centrifuge the gradient in a swinging bucket rotor at 400 x g and 20 C for 30 minutes without a brake [2-MED].
3.1.1. Talent layers PBMCs over gradient in 50 ml tube (TEXT: in HBSS)
3.1.2. Talent places swinging bucket rotor containing the tubes into centrifuge and sets speed and time and zero brake
3.2. After purifying human primary NK cells according to the text protocol, determine the purity of the cells by adding 2 g/mL of anti-CD3 and 2 g/mL of anti-CD56 antibodies [1-MED/CU].  Incubate the cells at 4 C for 20 minutes [2-WIDE].	
3.2.1. Talent adds antibodies to cell cultures
3.2.2. Talent places plates at 4 C   
3.3. Use PBS to wash the cells twice [1-CU].  Then analyze the cells by flow cytometry [2-MED].  The NK cell population will be positive for CD56 on the cell surface and negative for CD3 [3-LM-TXT].
3.3.1. Talent adds PBS to cells to wash
3.3.2. Talent places cells into FACS machine to analyze
3.3.3. LAB MEDIA Plot of a cell population that is positive for CD56 and negative for CD3, **Authors to provide image** (TEXT: Use cell preparations with more than 85% purity for gene transduction assays)
4. Transduction of Murine and Human Primary NK Cells with Lentivirus
4.1. Suspend mouse or human primary NK cells in the wells of a 24-well plate at 0.5 × 105/mL of medium with GFP lentivirus supernatant at an MOI of 5, 10, and 20 and in the presence of polybrene, protamine sulfate or dextran [1-CU-TXT].
4.1.1. Talent plates cells with GFP lentivirus at different MOIs and either polybrene, protamine sulfate, or dextran (TEXT: 8 μg/mL for each), Editor, use the text note for the polybrene, protamine sulfate, or dextran.
4.2. Centrifuge the plates at 1,000 x g for 60 minutes [1-MED].  Then without decanting the supernatant, culture the cells in a 37 °C incubator infused with 5.2% CO2, overnight [2-WIDE-TXT].
4.2.1. Talent places plates in centrifuge and sets speed and starts spin (TEXT: 16-18 h). 
4.2.2. Talent places cells into incubator 
4.3. After the cells have been washed with 10 mL of PBS, use 2 mL of RPMI1640 medium with IL-2 to resuspend the cells [1-CU-TXT].
4.3.1. Talent finishes washing cells with PBS then adds RPMI1640 with IL-2 to resuspend cells (TEXT: 300 U/mL IL-2; Test NK cell mediated cytotoxicity according to the text protocol).
4.4. The day before harvesting the cells, coat 96-well, highly protein-absorbent polystyrene plates with 2.5 μg/mL of anti-NKG2D monoclonal antibodies [1-CU-TXT] and incubate the plates at room temperature or in the fridge overnight [2-WIDE]. 
4.4.1. Talent adds monoclonal antibody to plate to coat wells (TEXT: Day 6)
4.4.2. Talent covers and sets plates on bench and walks away

4.5. The following day, use 100 L of PBS to wash each well three times [1-MED/CU-TXT].  Harvest the transduced NK cells by first gently tapping the plates. Then add 100 L of the cells to each well of the 96-well plates [2-CU].
4.5.1. Talent washes coated plate with PBS (TEXT: Day 7)
4.5.2. Talent gently taps plate then adds cells to the wells of coated plate
4.6. Sixteen to 18-hours post-activation, use a multi-channel pipette to collect the supernatants [1-CU].  Then using the recombinant cytokines from an ELISA kit, generate a standard curve and quantify the cytokines such as interferon  in the supernatant [2-MED/CU].
4.6.1. Talent collects supernatants with multi-channel pipette
4.6.2. Tubes representing standard curve and samples on bench and talent adds reagents with interferon gamma reagent to standard tubes - sample supernatant is also in frame
4.7. To test the NK cell viability, four days after transduction, wash the cells with 10 mL of cold PBS two times [1-MED-TXT], then harvest the cells and use Annexin-V/7-amino-actinomycin D to stain them [2-CU-TXT].
4.7.1. Talent places cells with PBS into centrifuge and sets speed and time (TEXT: 500 x g, 5 min each spin)
4.7.2. Talent adds Annexin-V/7-amino-actinomycin D to cells to stain them (TEXT:  Refer to text protocol for details)
4.8. Use flow cytometry to determine the percent of necrotic cells among the transformed NK cells and analyze the data according to the text protocol [1-LM].
4.8.1. LAB MEDIA Figure 1
5. Results: Lentiviral Transduction Efficiency Enhanced with Dextran 
5.1. This figure shows that human NK cells incubated with recombinant IL-2 and then transduced with GFP lentivirus achieved a greater transduction efficiency and increased the viral titer when dextran was added to the culture, as compared to the addition of polybrene or protamine sulfate [1-LM].
5.1.1. LAB MEDIA Figure 1, Editor, start without the Y axis labels Dextran, PS, and Pb, and without the % values above each bar. Then when Dextran is mentioned, add in the Y axis label for the Dextran graph and the % values for the 3 dextran graphs.  Then when polybrene and protamine sulfate (PS) are mentioned, add in the corresponding labels and % values.
5.2. As seen here, similar results were demonstrated in murine NK cells, where dextran augmented the efficiency of lentiviral vectors compared to polybrene or protamine sulfate [1-LM].
5.2.1. LAB MEDIA Figure 2, Editor, add in the Pb, PS, and Dextran labels and the corresponding % values for each graph when each is mentioned.
5.3. In this experiment, the cytotoxic capacity of transduced primary NK cells was examined by a Cre-release assay against K562 and YAC-1 as target cells.  The transduction of NK cells by dextran does not negatively alter the killing potential of transformed NK cells compared to non-transduced NK cells [1-LM].
5.3.1. LAB MEDIA Figure 3a and b, Editor, for cells transduced by dextran, point out the closed circles on each graph and for non-transduced NK cells, point out the open circles.
5.4. Here, transduced human primary NK cells were co-cultured with K562 for 24 hours, and the supernatants were collected to measure interferon . The results indicate that dextran has no impact on the ability of transduced NK cells to produce cytokines [1-LM].
5.4.1. LAB MEDIA Figure 4a, Editor, add in IFN- when it is mentioned. For the last sentence, use an arrow from the side (on the right) to show that the dextran bar is not much higher than the rest of the bars.
5.5. In addition, an independent validation showed that dextran-treated NK cells activated with plate-bound anti-NKG2D A10 monoclonal antibodies were still able to produce the cytokine interferon  [1-LM].
5.5.1. LAB MEDIA Figure 4b, Editor, for the end of the sentence, use an arrow from the top over the dextran column to point it out. 


6. Conclusion (said by authors on camera)

6.1. Arash Nanbakhsh:  While attempting this procedure, it’s important to remember to spin the transduced cells.
6.2. Arash Nanbakhsh:  Following this procedure, other methods like transfection can be performed in order to answer additional questions like how to improve gene delivery.
6.3. Arash Nanbakhsh:  After its development, this technique paved the way for researchers in the field of Immunology to explore gene manipulation in NK cells.
6.4. Arash Nanbakhsh:  After watching this video, you should have a good understanding of how to transduce NK 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.  

Insert your media filenames here.


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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