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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __NO_______ If yes, please list make and model of your microscope: 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__Y__ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_____2.7, 3.2, 3.3, 4.5-4.10_____________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _____set-up of spin EBs_________________________

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 generate human natural killer, or NK, cells from pluripotent stem cells. (Intro) This is accomplished by first generating hematopoietic progenitor cells. (P1) In the second step, the hematopoietic progenitor cells are differentiated into NK cells through the use of defined cytokines. (P2) Next, NK cells can be tested in a variety of functional assays. (P3) In the final step, dual-imaging it used to monitor the ability of NK cells to kill tumor targets in vivo. (P4) 
From embedded graphic below

(P1) Show “undifferentiated ES/iPS cells” text and magenta cells graphic
(P2) Show “undifferentiated ES/iPS cells” text and magenta cells graphic, then show arrow from cell cluster to bottom far right petri dish with blue and pink cells (no yellow cell layer) with “IL-15, (IL-3), IL-7, SCF, and FL text” (no other graphics of figure, only two mentioned graphics)

(P3) Author-provided figure for LAB MEDIA: 3.4.1.
(P4) JOVE Fig3A no label.tif
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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 use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. David Knorr: The main advantage of this technique over existing methods, like stromal cell-mediated or traditional embryoid body formation, is that the spin embryoid body system provides a completely defined, feeder free approach to generate large numbers of functional NK cells.   

1.2. David Knorr: The implications of this technique extend toward the therapy of cancer and of chronic viral infections, because NK cells have been shown to be important effector cells in these diseases.  

1.3. **Author name David Knorr: Demonstrating the procedure will be Marshal (Authors: you do not need to introduce yourself if you already have speaking roles above and what is Marshal’s last name, please), a graduate student in Dr. Kaufman’s laboratory.

1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

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. Setting up TrypLE-passaged ES cells into Stage I Spin embryoid bodies (EBs): Day of Spin EB Setup into Stage I Differentiation (day 0) 
2.1. To prepare for Spin embryoid body, or EB, plating, first pipet 150 (L of sterile water into the 36 outer wells of a round-bottom, low attachment 96-well plate to minimize evaporation. Next, aspirate the medium off of the embryonic stem and induced pluripotent stem cell cultures and add 1 ml of pre-warmed TrypLE (Pronounce: “trip-L-E”) Select to each of the wells.
2.1.1. WIDE: Talent pipetting water into some outer wells of 96 well plate

2.1.2. MED: Talent aspirating medium off a few wells of ES/iPS culture plate

2.1.3. CU: TrypLE Select being added to a few wells of ES/iPS plate
2.2. Place the TrypLE containing plates into a 37° incubator, and then, after 5 minutes, gently pipet the cells off of the plate. Transfer the dissociated cells to a conical tube and pipet the cell solution up and down to break apart any clumps. 
2.2.1. MED: Talent placing plate into 37° incubator (TEXT: 5 min, 37°C)
2.2.2. MED – over the shoulder: Talent pipetting cells out of at least one well 
2.2.3. CU: Shot of at least one conical tube receiving cells and then cell solution being pipetted up and down within tube
2.3. Now dilute the TrypLE with 1 equal volume of BPEL media and at least 1 equal volume of DPBS and spin down the cells for 5 minutes at 480 x g and 8°C. Then remove the supernatant and resuspend the pellet in 5 ml BPEL media plus 5 ml DPBS. 
2.3.1. CU: Shot of BPEL, then DPBS being added to TrypLE

2.3.2. MED: Talent places tube into centrifuge (TEXT: 5 min, 480 x g, 8°C)
2.3.3. CU: Shot of supernatant being removed, then BPEL/DPBS being added/pellet being resuspended
2.4. After spinning down the cells again, resuspend the pellet in 5-10 ml of BPEL media and then pass the cells through a 70 μm filter into a fresh 50 ml conical to remove any clumps.
2.4.1. MED: BPEL being added to pellet (TEXT: 5 min, 480 x g, 8°C)
2.4.2. CU: Shot of cell suspension being dispensed through filter into 50 ml tube  (TEXT: Clumps interfere w/ EB formation)
2.5. After counting and spinning down the filtered cells, resuspend the pellet at 3x104 cells per ml. Plate 100 (l of cells into each of the inner 60 wells of the previously prepared 96-well plates and then spin the 96-well plates for 4 minutes at 480 x g and 8°C.
2.5.1. MED: Talent resuspending pellet

2.5.2. CU: Few aliquots of cells being added to a few wells of 96 well plate (TEXT: 3000 ES cells/100 (l well, 60 wells/plate = 1.8x105 ES cells/plate) 
2.5.3. MED: Plate(s) being placed intro centrifuge (TEXT: 4 min, 480 x g, 8°C)
2.6. Then carefully place the plates in a 37°C incubator.
2.6.1. CU: Plate(s) being placed into incubator
3. Development, expansion, and characterization of NK cells from hPSC-derived progenitor cells. 
3.1. Using a multichannel pipette set to 100 μl, begin this next step by transferring 6 spin EBs to each well of a 24 well plate. Then add 400 (l of NK differentiation media containing cytokines to each well to bring the total volume in each well to approximately 1 ml.
3.1.1. WIDE: Talent adding at least one aliquot of spin EBs to at least one well of 24 well plate

3.1.2. MED – over the shoulder: Talent adding NK differentiation media to at least one well (TEXT: IL-3, IL-15, IL-7, SCF, Flt3L)
3.2. Incubate the cells for 28 days, feeding the cultures every 5-7 days with NK differentiation media containing cytokines.
3.2.1. MED: Talent placing plate in incubator [TEXT: IL-15, IL-7, SCF, Flt3L (NO IL-3)]
3.2.2. CU: Shot of at least one well getting media added to it [TEXT: “IL-15, IL-7, SCF, Flt3L, (Note: No IL-3)”]
3.3. At day 28, the NK cells will express a mature phenotype following a transfer to NK cell differentiation culture.
3.3.1. LAB MEDIA: jove updated figure 2 spin eb with uIPSC copy.jpg
3.4. To test NK cell cytotoxicity, perform a 4 hour chromium release assay.

3.4.1. LAB MEDIA: 3.4.1 JOVE cytotox graph 010112
3.5. To generate large numbers of NK cells for the in vivo experiments, co-culture the cells with artificial antigen presenting cells, using the protocol previously demonstrated by Somanchi et al. 
3.5.1. MED – over the shoulder: Talent adding at least one aliquot of NK cells to APC cultures in a T75 tissue culture flask [TEXT: Somanchi, S. S., Senyukov, V. V., Denman, C. J., Lee, D. A. Expansion, Purification, and Functional Assessment of Human Peripheral Blood NK Cells . J. Vis. Exp. (48), e2540, doi:10.3791/2540 (2011).]
4. In vivo fluorescent and bioluminescent imaging to monitor hESC-derived NK cells and tumor cells in immunodeficient mice. 
4.1. Begin this step by resuspending the desired number of tumor cells in 200 (l of Iscove modified Dulbecco medium, or IMDM (Pronounce: I-M-D-M), supplemented with 20% FBS. Then, using a 27 or 28 gauge needle, inject the tumor cells subcutaneously into the upper left thorax of each 6-8 week old nonobese diabetic, severe combined immunodeficiency with gamma-chain knockout mouse. 
4.1.1. WIDE: Talent adding IMDM to tumor cells (TEXT: e.g., 1 x 106 K562 cells are shown) 
4.1.2. CU: Shot of mouse being injected in upper left thorax (TEXT: NOD/SCID/ γC-/- mice) 
4.2. Allow the tumor cells to engraft for 4 days. The cells should form a bubble under the skin of the mouse. 
4.2.1. MED: Mouse/mice doing mouse things in cage

4.2.2. ECU: Shot of tumor bubble on mouse Author’s note: “This shot was really hard to get/see. We could possibly just remove from the script. Take 2 seemed to be the best.”
4.3. Then resuspend the desired number hESC-derived NK cells in 300 (l IMDM supplemented with 20% FBS without antibiotics.
4.3.1. CU: Shot of cells being resuspended in IMDM (TEXT: e.g., 10 x 106 NK cells are shown)
4.4. Next, using a new 27 or 28 gauge needle, intraperitoneally inject the hESC-derived NK cells into each mouse with a tumor. Then, to monitor the engraftment of the cells by bioluminescent imaging, inject each mouse intraperitoneally with 120 (l of D-luciferin.
4.4.1. CU: Shot of one mouse being injected ip with hESC-NK cells (TEXT: Include mice receiving no tumor or NK cell infusion as negative control)

4.4.2. MED: Shot of one mouse being injected ip with D-lucerin
4.5. After anesthetizing the mice, place the animals in an IVIS (Pronounce: “I-vis”) Spectrum within 10 minutes after injection of the D-luciferin. Secure each mouse on its back using Velcro and then set the IVIS machine to the correct imaging platform.
4.5.1. Slated 4.5.2. MED: Few seconds of Talent placing mice into IVIS spectrum (TEXT: Anesthesia: Isoflurane chamber; 0.8 L/min)

4.5.2. Slated 4.5.1. CU: Shot of at least one mouse being secured with Velcro (TEXT: Maintain anesthesia: 0.5 L/min isoflurane)
4.5.3. SCREEN: IVIS being set to correct imaging platform (TEXT: D for 4-5 mice; C for ≤3 mice)
4.6. Now set the binning to medium and the f/stop to 1 and then acquire the image for 1 minute.
4.6.1. SCREEN: Shot of binning being set to medium, then f/stop being set to 1, then “acquire” being selected/started
4.7. To perform fluorescent imaging for turboFP650+ cells, first use the imaging wizard to set up an emission scan to measure the probe of interest as well as background signal. 
4.7.1. SCREEN: Shot of imaging wizard opening (sequence setup opening, then imaging wizard)
4.7.2. SCREEN: Shot of emission scan being set up/selected/opened (including, if possible, measuring of probe of interest being selected and background signal being set/adjusted)

4.8. From the list of probes, choose Input Em/Ex, and enter 605 for the excitation and 660-720 for the emission for the tumor signal. Then select “add probe.” For the background signal, set the excitation to 570 and the emission to 640-720. Filters can also be set through the “filter config” button.
4.8.1. SCREEN: Shot of Input Em/Ex being selected, the 605 being entered for excitation and 660-720 being entered for emission. Then select “add probe”.
4.8.2. SCREEN: Shot of 570 being entered for excitation and 640-720 being entered for emission. Filters can also be set through the “filter config” button. 
4.9. Choose the auto exposure settings and then select the desired imaging platform. Acquire the image for about 3-5 minutes. 
4.9.1. SCREEN: Shot of at least one auto exposure setting be changed/set, then desired imaging platform being selected, then “acquire” being selected/started

4.10. Finally, allow the mice to fully recover from the anesthesia before transporting them back to the animal facility. The images can be analyzed using the Living Image software package version 4.2.

4.10.1. CU: Few seconds of mice fully awake/recovered in imaging system, then at least one mouse being removed [Video editor: Add TEXT:  “Use Living Image software for analysis” for the final sentence.]
4.10.2. SCREEN: Shot of Living Image software package opening 
5. Results: The generation of hematopoietic progenitor cells using the spin EB approach allows for optimal NK cell development from hESCs and iPSCs
5.1. Day 11 spin EBs contain high percentages of progenitor cells expressing CD34, CD43, CD45, and CD31. High levels of CD34 and CD45 allow direct transfer to NK cell conditions without the need for sorting or for supporting stromal cells.  
5.1.1. LAB MEDIA: JOVE Fig2A no labels.tif (Video Editor: with “expressing CD34, CD43, CD45, and CD31” please highlight/indicate each of the corresponding texts in the figure; with “High levels of CD34 and CD45” please indicate/highlight the cell cluster in the top right quadrant of the top middle dot plot)
5.2. NK cells can be detected by flow cytometry after 4 weeks of culture. Cells within the lymphocyte gate are analyzed for the expression of CD56. CD56+ cells can then be further analyzed for co-expression of markers, such as CD117, CD94, or NKp46. 
5.2.1. LAB MEDIA: LAB MEDIA: JOVE Fig2B no labels.tif [Video Editor: with “cells within the lymphocyte gate” please highlight the multi-sided blue gates in the first two dot plots on the left of the figure (SSC vs FSC); with “expression of CD56” please highlight the square gates in the second two dot plots from the left (CD56 vs FSC); with “CD117, CD94” please highlight/indicate the corresponding texts in the figure; with “NKp46” please highlight/indicate the clear histograms with the solid black lines in the furthers graphs on the right of the figure (NOT the solid grey histograms)]
5.3. NK cells maintain the expression of reporter genes that were modified into the parent ES/iPS line and therefore can then be followed in vivo. Here, the IVIS Spectrum has been used to demonstrate the simultaneous imaging of both NK cells and tumor cells in the same mouse. Bioluminescent imaging of firefly luciferase hESC-derived NK cells on day 0, 7, and 14 after NK cell injection is shown.  Fluorescent imaging of TurboFP650+ K562 cells on day 0, 7, and 14 after NK cell injection is shown. 
5.3.1. LAB MEDIA: JOVE Fig3A no labels.tif [Video Editor: with “Bioluminescent .. is shown (entire sentence before Fluorescent imaging…) please highlight the top row of images as well as “Day 0”, “Day 7” and “Day 14” texts when mentioned; with “Fluorescent imaging .. is shown”, please highlight the bottom row of images  “Day 0”, “Day 7” and “Day 14” texts when mentioned]
5.4. Here a sequence showing the tissue autofluorescence and fluorescent signal from turboFP650+ cells, generated using the spectral unmixing feature in Living Image software, is shown. These mice are non-injection controls and show only the background signal.
5.4.1. LAB MEDIA: JOVE Fig3B no labels.tif (Video Editor: with “These mice… signal” please highlight/indicate the first mouse on the left in each image)
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/index/Details.stp?ID=1597
6. 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.
6.1. David Knorr: While attempting this procedure, it’s important to remember to maintain high-quality hESC/iPSC cultures and to perform the spin EB differentiation, the critical step to success, as demonstrated.
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.  

JOVE Fig2A no labels.tif
JOVE Fig2B no labels.tif
JOVE Fig3A no labels.tif
JOVE Fig3B no labels.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.

( 2011, Journal of Visualized Experiments


