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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) _____N____ 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)___N_____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_2.2, 2.6, 3.2, 4.2, 4.3, 4.4_________________________

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _________________It is critical that the cells are healthy and proliferating before transduction. _____________

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 protocol demonstrates how to efficiently generate human induced pluripotent stem cells from four milliliters of peripheral blood (Intro). On Day 0, isolate and expand the mononuclear cells from the peripheral blood sample (P1). Transduce the primary cells with the reprogramming STEMCCA vector on Day 9 (P2). Proceed to plate the transduced cells onto inactivated mouse embryonic fibroblasts (P3), and culture for about three weeks (P3 + labeled arrows Days 14 and 20).. Pick the hESC-like colonies for expansion and characterization (P4). Results of immunofluorescence staining for the expression of pluripotency markers, like SSEA-4, Tra-1-60 and Tra-1-81, demonstrate the efficient generation of  induced human pluripotent stem cells (P5).
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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. Gustavo Mostoslavsky: The use of STEMCCA lentiviral vector to generate human induced pluripotent stem cells has several advantages over existing methods. Perhaps most appealing is the overall simplicity of approach, It requires easy access to donor tissue, and by that I mean use of readily obtainable 4 ml of peripheral blood.

1.2. Gustavo Mostoslavsky: The most important attributes of this method are the efficiency of reprogramming and quality of obtained iPS cell clones.    

1.3. ** Gustavo Mostoslavsky: Demonstrating the procedure will be Andreia Gianotti Sommer (brunette)_a post doc_from my laboratory and Sarah Rozelle (blond), a graduate student form George Murphy’s lab. 

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. Isolation and expansion of PBMCs
2.1. On Day 0, draw 4 mL of peripheral blood into a Vacutainer Cell Preparation Tube with sodium citrate. Invert the tube 8 to 10 times. Within 2 hours of collection, centrifuge the sample at 1800 g for 30 minutes at room temperature. 

2.1.1. CU/ECU: Talent draws 4 mL of peripheral blood into a Vacutainer Cell Preparation Tube with sodium citrate (focus on blood collecting in tube) 

2.1.2. MED: Talent inverts the tube 8 to 10 times. 

2.1.3. CU: Talent removes tubes form centrifuge (show setting on instrument: 1800 g for 30 minutes at room temperature).

2.1.4. Close up on tube.

2.2. To collect the mononuclear cells, aspirate off the plasma and pipette out the buffy coat- the cell layer between gel barrier and plasma. Transfer the buffy coat to a sterile 15 mL conical centrifuge tube and bring the total volume to 10 mL with sterile PBS.  Invert the tubes several times and centrifuge at 300 g for 15 minutes.

 
2.2.0. Aspirate off the plasma.

2.2.1. ECU: Talent pipettes out the buffy coat.

2.2.2. CU: Talent transfers buffy coat to a sterile 15 mL conical centrifuge tube, brings the total volume to 10 mL with sterile PBS and inverts the tubes several times

2.2.3. MED: Talent places the tubes in centrifuge.

2.3. Resuspend the cell pellet in 10 mL of sterile PBS. Perform a cell count and then transfer 1 to 2x106 cells into a sterile 15 mL conical centrifuge tube. 

2.3.1. ECU: Talent resuspends the cell pellet in 10 mL of sterile PBS (get shot of pellt size and color).

2.3.2. MED: Talent counts cells at microscope.

2.3.3. MED/CU:  Talent transfers 1 to 2x106 cells into a sterile 15 mL conical centrifuge tube.

2.4. Harvest the cells by centrifugation, and resuspend the pellet in 2 mL of expansion medium. Then seed the isolated mononulear cells in one well of a 12-well plate, and culture at 37°C and 5% CO2. 

2.4.1. MED/CU: Talent removes samples from centrifuge  (show settings: 300 g for 10 minutes)

2.4.2. ECU: Talent resuspends the pellet in 2 mL of expansion medium. 

2.4.3. ECU: Talent seeds the isolated mononulear cells in one well of a 12-well plate

2.4.4. MED/CU: Talent places plate inincubator.  
2.5. Harvest the remaining cells by centrifugation and freeze stocks of  ~2x106 cells per vial in FBS containing 10% DMSO.

2.5.1. MED: Talent places remaining cells in centrifuge (show settings of 300 g for 10 min)

2.5.2.  ECU: Talent labels freezing vial 

2.6. On Days 3 and 6, transfer the cells to a sterile 15 mL conical tube, and wash the well once with 1 mL of QBSF-60 Stem Cell Medium to collect the adherent cells. Harvest the cells by centrifugation.

2.6.1. MED/CU: Talent transfers the cells to a sterile 15 mL conical tube.

2.6.2. CU: Talent washes the well once with 1 mL of QBSF-60 Stem Cell Medium

2.6.3. MED/CU: Talent starts the centrifuge at settings 300 g for 10 minutes.

2.7. Resuspend the cell pellet in 2 mL of EM. Then transfer the cell suspension to one well of a 12-well plate, and  return the culture to the incubator.

2.7.1. ECU: Talent resuspends the cell pellet in 2 mL of EM and transfers the cell suspension to one well of a 12-well plate. 

2.7.2. MED: Talent places the culture in the incubator.

3. Transduction of PBMCs with STEMCCA lentivirus

3.1. On Day 9, transfer the cells to a sterile 15 mL conical tube and wash the well once with 1 mL of QBSF-60 Stem Cell Medium to collect the adherent cells. Centrifuge the culture at 300 g for 10 minutes.

3.1.1. MED-over-the-shoulder: Talent transfers the cells to a sterile 15 mL conical tube

3.1.2. CU: Talent washes the well once with 1 mL of QBSF®-60 Stem Cell Medium

3.1.3. MED-over-the-shoulder: Talent places the cells in the centrifuge. 

3.2. Next, resuspend the cell pellet in 1 mL of fresh EM containing 5 (g/mL of polybrene and STEMCCA lentivirus for a MOI of 1 to 10. Then transfer the suspension to one well of a 12 well plate, and centrifuge at 2250 rpm for 90 minutes at 25°C. 

3.2.1. ECU: Talent resuspends the cell pellet in 1 mL of fresh EM containing 5 (g/mL of polybrene and STEMCCA lentivirus for a MOI of 1 to 10 (get shot of “STEMCCA lentivirus” label )

3.2.2. CU: Talent transfers suspension to one well of a 12 well plate

3.2.3. MED: Talent places the plate in the centrifuge 

3.3. Add an additional 1 mL of fresh EM containing 5 (g/mL of polybrene for a total of 2 ml of EM and place the plate in the cell culture incubator.

3.3.1. ECU: Talent adda 1 mL of fresh EM containing 5 (g/mL of polybrene 

3.3.2. MED: Talent places the plate in cell culture incubator.

3.4. On Day 10, after harvesting cells as shown earlier, resuspend the cell pellet in 2 mL of EM. Culture the transduced cells in one well of a 12-well plate.

3.4.1. ECU: Talent resuspends the cell pellet in 2 mL of EM. 

3.4.2. CU: Talent pipettes cells into one well of a 12-well plate.

4. Plating transduced cells onto MEFs

4.1. On Day 11, coat the wells of a 6-well plate with 0.1% gelatin.  Then plate inactivated mouse embryonic fibroblasts at 2x105 cells/well in MEF medium.  Prepare 3 wells per infection.  

4.1.1. MED/CU: Talent coats 3 wells of a 6-well plate with 0.1% gelatin.  

4.1.2. ECU: Talent plates three wells of inactivated mouse embryonic fibroblasts MEF medium. 

4.2. The next day, harvest the transduced mononuclear cells as shown earlier. After centrifugation, resuspend the cell pellet in 3 mL of MEF medium containing bFGF, ascorbic acid and growth factors.

4.2.1. MED: Talent harvests a well of cells.

4.2.2. ECU: Talent resuspends the cell pellet in 3 mL of MEF medium containing bFGF, Ascorbic Acid and growth factors.

4.3. Now aspirate the media from the MEFs. Plate 1 mL of the MCs per well of MEFs. Then add 1.5 mL of complete MEF media. 

4.3.1. MED/CU: Talent aspirates the media from the MEFs. 

4.3.2. ECU: Talent plates 1 mL of the MCs to a  well of MEFs. 

4.3.3. ECU: Talent adds 1.5 mL of complete MEF media.(show “ + growth factors” on label)

4.4. Centrifuge the plate at 500 rpm at 25C for 30 minutes. Then culture at 37°C and 5% CO2 for two days.

4.4.1. MED: talent removes a plate from the centrifuge (show setting 500 rpm @ 25C for 30m).

4.4.2. CU: Talent places culture plate in incubator. 

4.5. From Day 14 onward, replenish the media every other day with 2.5 mL of MEF media containing 10 ng/mL of  bFGF and 50 (g/mL of Ascorbic Acid , but no growth factors. 

4.5.1. MED: Talent replenishes the media with complete MEF media.(show “ NO growth factors” on media label)

4.6. Talent: Aspirate and discard the floating cells with each feed. Also add additional MEFs as needed  - usually once a week.

4.6.1. Interview style. Talent looks up from hood and says the above. Not done
4.7. Around Day 20, once small colonies appear, feed the cells daily with 2 mL of human embryonic stem cell medium.

4.7.1. SCOPE: Talent examines  Day-20 small  colonies.

4.7.2. MED/CU: Talent adds 2 mL of human embryonic stem cell medium.

5. Picking and expansion of iPSC clones
5.1. Between days 30 and 40, pick each colony and transfer to individual wells of a 12-well plate pre-seeded with inactivated MEFs containing 1 mL per well of hESC medium plus ROCK inhibitor.

5.1.1. SCOPE: Talent picks a colony 

5.1.2. CU/ECU: Talent  transfers the colony  to a well of a 12-well plate pre-seeded with inactivated MEFs containing 1 mL per well of hESC medium plus ROCK inhibitor.

5.2. Feed cells daily thereafter with 1 mL of hESC medium without the ROCK inhibitor.

5.2.1. MED/CU: Talent feeds cells with 1 mL of hESC medium (show media label “minus ROCK inhibitor” ).

5.3. The human monocyte-derived pluripotent stem cells are now ready for immunofluorescence staining of pluripotency markers; and also for excision of the integrated reprogramming cassette).
5.3.1. MED/CU: Talent approaches bench with ES Cell Marker Sample Kit 
5.3.2. MED/CU: Talent places Cre-IRES-Puro expressing vector in  an ice bucket,
6. Results: Human induced pluripotent stem cells 
6.1. During this protocol, the cells undergo several morphological changes from PBMCs to the generation of human iPSCs 

6.1.1. LAB MEDIA: 4327_Mostoslavsky_Figure2.

6.2. At DAY 0, the isolated mononuclear cells from peripheral blood are cultured in expansion medium. After 9 days, ‘bunches of grapes-like’ clusters of cells are observed suggesting that the cells are healthy and proliferating before transduction. 

6.2.1. LAB MEDIA: 4327_Mostoslavsky_Figure2A and then 4327_Mostoslavsky_Figure2B

6.3. Around Day 20, one week after the cells are plated onto MEFs, colonies form. At Day 30, the iPSC colonies show typical human embryonic stem cell-like morphology.

6.3.1. LAB MEDIA: 4327_Mostoslavsky_Figure2C and then 4327_Mostoslavsky_Figure2D

6.4. This immunofluorescence analysis of iPSCs generated from PBMCs shows the expression of the pluripotency markers SSEA-4, Tra-1-60 and Tra-1-81. The iPSCs also stain positive for Alkaline Phosphatase.

6.4.1. LAB MEDIA: 4327_Mostoslavsky_Figure3.

6.5. These images show the steps to generate transgene-free iPSCs by transfection with a plasmid coexpressing Cre recombinase and a puromycin-resistance gene, as described in Somers et al, 2010. 
6.5.1. LAB MEDIA: 4327_Mostoslavsky_Figure4.
6.6. Compared to iPSCs before transfection, cell death is observed after two days of puromycin selection. New colonies emerge from resistant cells around 10 days after transfection.
6.6.1. LAB MEDIA: 4327_Mostoslavsky_Figure4A , add 4327_Mostoslavsky_Figure4B, and then add 4327_Mostoslavsky_Figure4C
6.7. Southern Blot analyses on select colonies confirm the excision of the transgene. Lanes 1,3,5 and 7 show the presence of the transgene in iPSC clones before excision. These bands are absent ion lanes 2,4,6 and 8 after excision of the transgene. 
6.7.1. LAB MEDIA: 4327_Mostoslavsky_Figure4D.
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. George Murphy: After watching this video, you should be able to consistently and robustly generate high-quality normal or diseased-specific human iPS cells from small amounts of peripheral blood from any individual. 

7.2. Gustavo Mostoslavsky: This approach simplifies the process of reprogramming to make it widely accessible to the stem cell community and at the same time provides a baseline for the production of more homogeneous populations of iPS cell lines.

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.  

Insert your media filenames here.

See above
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


