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Title: Generation of Induced Pluripotent Stem Cells from Frozen Buffy Coats using non-integrating Episomal Plasmids 
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? Yes, Dissecting microscope (SteREO Discovery V12)_by Zeiss (cat. N. 495007)

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? No

C.  From the steps you’ve indicated that you would like filmed, which steps of your protocol will viewers benefit most from having filmed?  List 4-6 steps.
Step 1.1, Step 2.1, Step 4, Step 7 (until sub step 7.3)

D.  Will the filming need to take place in multiple locations? (Y/N) ___No
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of this procedure is to generate induced pluripotent stem cells from human peripheral blood mononuclear cells, obtained from frozen buffy coats using a cost-effective and virus-free protocol. (Intro)  This is accomplished first by the isolation of PBMNCs from buffy coats after whole blood centrifugation without a density gradient, followed by expansion in a specific blood culture medium. (P1) The second step is to transfect the buffy coat PBMNCs with episomal plasmids by electroporation. (P2)  The transfected PBMNCs are then plated onto fresh mouse embryonic fibroblast feeder cells. (P3)  
The final step is to manually pick induced pluripotent stem cells from the culture and transfer them onto new feeder cell plates for expansion. (P4)  
Ultimately, the efficient reprogramming of PBMNCs into induced pluripotent stem cells with a typical human morphology can be shown by immunofluorescence and measuring gene expression. (P5)

Video editor:

P1 – Using the first graphic, create a tube of pure pink (not yellow-white-red) and then animate it being spin by a centrifuge (swing it around like an arm of a clock until it is blur).  While the tune spins gradually transform the pink to the separated layers of yellow-white-red.  Bring the tube to a stop and zoom into the white layer.
P2 – Show the culture (box/circle/tiny red circles), then introduce the four differently colored rings to the side and fade them onto the culture.  The four colored circles shrink into the culture. Keep the DAY 14 title.
P3 – Animate the small red circles leaving the larger blue circle and then moving onto the blue circle with spindly pink/purple cells.  Keep the DAY 17 title over the square.  Remove the old blue circle the small red circles moved over from.
P4 – Advance the title to DAY 25, then remove three of the small red circles from the large blue circle and place it onto a new blue circle with spindly pink/purple cells (also titled DAY 25).  Move the small red circles one by one.   Remove the old blue circle the small red circles moved over from.  Then increase the DAY 25 title to DAY 30-35, while also changing the three red circles into grey ovals and fading out the pink/purple cells.
P5 – Show the grey microscope image at the bottom right.
[image: image1.emf]
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Viviana Meraviglia: The main advantage of this technique over existing methods is that the generation of virus-free iPSCs from frozen buffy coat reduces costs, working time and manual steps for operators during sample processing.
1.2. Alessandra Rossini: Another advantage to this technique, is that it allows for the use of frozen buffy coats stored in large scale biobanks, gathered from population studies, as a source of material for iPSC production.  
Protocol (read by voice talent at JoVE):
2. Obtaining Peripheral Blood Mononuclear Cells (PBMNCs) from Buffy Coats 
2.1. Begin with collecting eight milliliters of venous peripheral blood into a sodium citrate buffered plastic tube.  Store the blood at 25 °C and process it within 12 hours.
2.1.1. WID: establish talent transferring blood

2.1.2. CU: loading plastic tubes
2.1.3. [added] Take plastic tube with blood from the hood to the centrifuge

2.2. The first processing step is to centrifuge the blood at 2000 Gs for 15 minutes at 4 °C.  Use a swinging bucket rotor and do not apply the centrifugal brakes.
2.2.1. WID: loading centrifuge, show bucket swinging
2.2.2. MED: programming and starting cycle, show bucket swinging
2.3. From the separation, collect the cloudy buffy coat.  This is the layer between the upper plasma phase and the lower phase.  The buffy coat is the enriched PBMNC fraction.  Transfer about 500 µL from each 8 milliliter sample to a cryovial tube.

2.3.1. MED: removing tube from centrifuge and inspecting

2.3.2. ECU: talent returns to the hood with blood, shows layers in tube, pipette enters and sucks up central buffy coat layer

2.3.3. MED: talent loads buffy coat into cyrovial and repeats collection from next blood tube
2.4. Now, resuspend the buffy coat by adding an equal volume of 2X freezing medium ... (TEXT: freezing medium contains 80% FBS with 20% DMSO)

2.4.1. CU: cryovial full of buffy coat, pipette adds an equal volume of medium

2.5. ... and, then, freeze the vial in a controlled-rate freezing container at -80 °C for up to one week.  For longer storage, the cells can be stored in liquid nitrogen.

2.5.1. MED: covering cryovial for storage

2.5.2. WID: loading cryovial(s) into -80 freezer
3. Culturing PBMNCs Obtained from Buffy Coats
3.1. To begin, thaw a frozen, one milliliter suspension of PBMNCs obtained from frozen buffy coats in a 37 ºC water bath. Then, dilute the cells to two milliliters with PBS.

3.1.1. WID: placing tube in water bath
3.1.2. MED: removing cells from bath, adding PBS to cells and mixing
3.2. Next move the dilution to a 50 milliliter tube and add 10 milliliters of red cell lysis buffer.   Let this mixture incubate at room temperature for about 10 minutes. 

3.2.1. MED: transferring to 50 ml tube
3.2.2. MED: adding lysis buffer and 
3.2.3. [split shot] setting up to incubate
3.3. After ten minutes, increase the total volume to 50 milliliters with sterile PBS.
3.3.1. MED: filling tube with PBS
3.4. Then, spin down the cells at 300 Gs for 10 minutes at room temperature. 

3.4.1. WID: loading centrifuge with a 50-ml tube and running cycle (gets reused a bunch so make this a great shot)

3.5. After the spin, discard the supernatant and wash the pellet with 50 milliliters of PBS. 

3.5.1. MED: at bench, film as written

3.6. Now spin the cells again ... (TEXT: 300 x g, 10 min, RT)

3.6.1. Reuse 3.4.1
3.7. ...and resuspend them in 1 milliliter of PBMNC medium.  

3.7.1. CU: focus on pellet of cells, adding PBMNC medium and mixing

3.8. Take an aliquot of resuspended cells and measure the cell density using a counting chamber, then adjust it to two million cells per milliliter.

3.8.1. MED: consulting calculation in notebook, then taking a precise aliquot of medium, adding to cells and mixing

3.9. Now, establish a suspension culture.  Load the cells into a well of a standard 12-well plate and incubate them for 48 hours. (TEXT: 37 °C, 5% CO2, 50% RH) 

3.9.1. MED: transferring cells to 12-well plate

3.9.2. WID: incubating 12-well plate

3.10. Change the media every other day.  Aspirate the cells using a pipette and transfer them to a 15 milliliter conical tube.  

3.10.1. CU: sucking up cells from well of plate
3.10.2. [combined with 3.10.1] MED: loading cells from all wells into 15-ml tube
3.11. Centrifuge the loaded tube at 300 Gs for 10 minutes, at room temperature.  
3.11.1. Reuse 3.4.1 loading centrifuge with a 15-ml tube
3.12. Then, discard the supernatant and resuspend the cells in 1 milliliter of fresh PBMNC medium.  A red blood cell contamination is usual during the first days of PBMNC culture.
3.12.1. CU: removing supernatant from spin down cells and adding back medium and mixing

3.13. Before returning the cells to a new well, check them under an inverted microscope.  When they are at about 80% confluency, split the culture during the transfer.  
3.13.1. WID: inspecting tube of cells under scope

3.13.2. MED: dilute cells in PBMNC medium and transferring cells from tube to clean 12-well plate wells
4. Transfecting PBMNCs
4.1. Two weeks after starting the PBMNC culture, the cells should be ready to transfect. Prepare four plasmids: one carrying OCT3/4 and shRNA against p53, one carrying SOX2 and KLF4, one carrying L-MYC and LIN28, and one plasmid carrying EGFP.

4.1.1. WID: talent working with plasmid prep kits

4.1.2. CU: labeling two plasmid storage tubes with two of the plasmid names: OCT3/4 + p53, and SOX2 + KLF4

4.1.3. [combined with 4.1.2] CU: labeling two plasmid storage tubes with two of the plasmid names: L-MYC + LIN28 and EGFP
4.2. To begin, collect the PBMNCs in a 15 milliliter conical tube and count the number of viable cells using trypan blue.

4.2.1. MED: transferring cells to 15-ml tube, then preparing a trypan blue stain from sample of these cells

4.2.2. WID: inspecting trypan blue stain under scope

4.3. Then, prepare two million viable cells, centrifuge them (TEXT: 300 x g, 10 min, RT) and resuspend the cells in a transfection mix containing 100 µL of Resuspension Buffer T and 1 µg of each of the four plasmids.

4.3.1. MED: aliquoting cells to tube

4.3.2. CU: removing supernatant from tube, adding 100 µL buffer and transfer in a 1.5-ml tube.
4.3.3. MED: adding 1 µg of each of 4 plasmids to tube, mixing

4.4. Now fill the transfection container with 3 milliliters of Electrolytic Buffer E2.

4.4.1. MED: loading buffer into transfection container

4.5. Aspirate the transfection mix into a 100 µL tip and eject the sample vertically into the prepared electroporation tube.  Then, electroporate the cells using three pulses. (TEXT: 10 ms, 1650 V, 3X) 

4.5.1. MED: transferring plasmid-cell mix into tube, vertical tip ejection

4.5.2. MED: electroporating cells

4.6. After the electroporation, resuspend the cells in 2 milliliters of pre-warmed PBMNC medium with 0.25 mM Sodium Butyrate. 

4.6.1. MED: removing cells from electroporator 

4.6.2. [combined with 4.6.1] CU: adding medium to cells to medium 

4.7. Then, count the number of viable cells as before, and transfer the suspension into one well of an un-coated, 6-well plate. 

4.7.1. Reuse 4.2.2

4.7.2. MED: transferring suspended cells into wells of 6-well plate

4.8. Set the plate to incubate with gentle agitation for 24 hours. (TEXT: 37 °C, 5% CO2, 50% RH)

4.8.1. MED: film as written
4.9. Maintain the transfected cells without splitting them for three days from the day of transfection.  On opposite days, replace the medium with 2 milliliters of freshly prepared PBMNC medium with 0.25 mM Sodium Butyrate.

4.9.1.  Reuse 3.10.1, 3.10.2, 3.4.1, 3.12.1  Sucking up cells and loading cells from 6-well plate to 15-ml tube
4.9.2. Reuse 3.11.1 (please use only big shoot in wide)

4.9.3. Removing supernatant and add 2 ml of medium

4.9.4.  Reuse 4.8.1

4.10.2 WID: returning plate to incubator, show if rocker is used after media change
5. Culturing Transfected PBMNCs on Mouse Embryonic Fibroblasts (MEFs)
5.1. One day in advance of establishing the co-culture, prepare the MEFs.  First, coat the wells of a 6-well plate with 1 milliliter of basement membrane matrix and let the plates incubate at 37 ºC for 15 minutes.

5.1.1. WID: preparing MEF plates

5.1.2. [combined with 5.1.1] MED: coating wells with basement membrane matrix

5.1.3. WID: placing 6-well plate in incubator Reuse 4.8.1 (please use only big shoot in wide)
5.2. Then, aspirate the basement membrane matrix and plate 200 thousand MEFs into each well with 2 milliliters of DMEM containing 10% FBS.

5.2.1. MED: removing basement membrane solution from 6-well plate

5.2.2. [combined with 5.2.1] MED: adding MEFs in medium to wells of 6-well plate

5.3. The next day, collect the PBMNCs in a 1 milliliter tip, transfer them to a 15 milliliter conical tube and spin them down.  (TEXT: 300 x g, 10 min, RT)

5.3.1. MED: transferring PBMNC cells from different wells into 15-ml tube using 1ml pipette

5.3.2. Reuse 3.4.1 3.11.1
5.4. Discard the supernatant, and resuspend the pellet in 2 milliliters of fresh medium.  Then, plate the cells onto the MEF-coated wells and incubate the plate.

5.4.1. MED: Talent discards the supernatant, adding medium to pellet of cells and mixing

5.4.2. MED: Aspirating MEF medium and transferring resuspended cells to MEF-coated plate wells

5.5. After two days, replace the medium with 2 milliliters of iPSC medium with 0.25 mM Sodium Butyrate and continue replacing the iPSC media every other day. 

5.5.1. WID: removing media from MEF-coated plate

5.5.2. [combined with 5.5.1] MED: loading plate with iPSC media

5.6. After about 22 to 25 days, the first colonies of iPSCs should be visible.

5.6.1. LAB MEDIA: 52885_Rossini_Figure 1C.ppt – iPSC colony from buffy coat at day 25 after transfection.

5.7. By 30 to 35 days the colonies should be ready to pick and re-plate.
5.7.1. LAB MEDIA: 52885_Rossini_Figure 1D – iPSC colony from buffy coat at day 30-35 after transfection.
6. Generating Induced Pluripotent Stem Cells (iPSC) Clones
6.1. The day before passaging the iPSC colonies, plate MEF feeder cells onto a 12-well plate at 125 thousand cells per well and incubate them overnight.

6.1.1. MED: loading a 12-well plate with MEF cells

6.1.2. WID: loading 12-well plate to an incubator Reuse 3.9.2 (please use only big shoot in wide)
6.2. The next day, replace the medium on the MEF cells with one milliliter of supplemented iPSC medium.  (TEXT: iPSC medium + 10 ng bFGF / mL + 10 μM Y-27632)

6.2.1. MED: changing plate medium to iPSC + bFGF + Y-27632 medium, show label of new medium bottle 

6.3. Then, under a dissecting microscope use a needle to pick one colony at a time.

6.3.1. SCOPE: picking colony with needle

6.4. For larger colonies that form small clumps, transfer them individually by pipette.

6.4.1. SCOPE: picking clumpy colony with pipette

6.5. Transfer one colony into each well of the MEF-coated plate and incubate the plate.
6.5.1. CU: loading picked colony on needle tip to a well of MEF plate, repeating action with new needle into next well of plate
6.6. To passage the iPSC colonies, initially use the same picking technique but after two or three passages, use the enzyme-based procedure.  (TEXT: See text protocol for details.)

6.6.1. Reuse 6.4.1 

6.6.2. Reuse 6.6.1
7. Cellular Characteristic from PBMNC to iPSC 
7.1. Isolated PBMNCs, showing a typical rounded shape, were expanded in specific blood culture medium for 14 days and then transfected with episomal plasmids.

7.1.1. LAB MEDIA: 52885_Rossini_Figure 1B.ppt – proliferating PBMNCs from buffy coat.

7.2. 10 to 15 days post-transfection, small rounded bright colonies with defined margins and embryonic stem cell-like morphology began to appear.

7.2.1. LAB MEDIA: 52885_Rossini_Figure 1C.ppt – iPSC colony from buffy coat at day 25 after transfection.

7.3. About 20 to 30 days after the transfection, highly compact iPSC colonies with sharp edges appeared and increased in size until they were large enough to pick.

7.3.1. LAB MEDIA: 52885_Rossini_Figure 1D – iPSC colony from buffy coat at day 30-35 after transfection.

7.4. For the first few passaging steps the iPSC colonies maintained their undifferentiated state and showed a typical human embryonic-stem cell morphology. 

7.4.1. LAB MEDIA: 52885_Rossini_Figure 2A – iPSC colonies from buffy coat after manual passaging.

7.5. Increased magnification shows individual cells within the colonies and the high nucleus to cytoplasm ratio.

7.5.1. LAB MEDIA: 52885_Rossini_Figure 2B – iPSC colony from buffy coat at higher magnification.

7.6. Selected iPSC clones were passed about 10 to 15 more times. About 20 metaphases from several independent cultures were analyzed for genetic stability. All the samples showed a normal karyogram.
7.6.1. LAB MEDIA: 52885_Rossini_Figure 2C – Normal karyogram of iPSC colony from buffy coat.

7.7. After five to ten in vitro expansions, these clones were characterized for their stem-ness and pluripotency. The clones were positive for alkaline phosphatase staining. 

7.7.1. LAB MEDIA: 52885_Rossini_Figure 3A – iPSC colonies from buffy coat positive to alkaline phosphatase.

7.8. Quantitative RT-PCR verified that the clones expressed endogenous pluripotent genes at much higher levels than the starting PBMNCs, while levels of endogenous C-MYC and KLF-4 remained more or less the same.  

7.8.1. LAB MEDIA: 52885_Rossini_Figure 3C – Bar graph of endogenous pluripotency gene expression in iPSC colonies.

7.9. Expression of exogenous episomal transgenes could be detected in iPSCs, thus indicating the successful activation of endogenous pluripotent genes. 

7.9.1. LAB MEDIA: 52885_Rossini_Figure 3D – Evaluation of transgene exclusion in iPSC colonies.

7.10. Finally, immunofluorescence analysis revealed that the iPSCs expressed pluripotency markers, such as OCT3/4 ... SSEA-4 …

7.10.1. LAB MEDIA: 52885_Rossini_Figure 4A – Immunostaining for SSEA-4 and OCT3/4 of iPSC colony from buffy coat.
7.11. … TRA-1-81 …

7.11.1. LAB MEDIA: 52885_Rossini_Figure 4B – Immunostaining for TRA-1-81 and OCT3/4 of iPSC colony from buffy coat. Note to Video Editor:  2 pronunciations recorded for “TRA” markers
7.12. … SOX-2 and TRA-1-60.

7.12.1. LAB MEDIA: 52885_Rossini_Figure 4C – Immunostaining for TRA-1-60 and SOX-2 of iPSC colony from buffy coat.
8. Conclusion (said by authors on camera)
8.1. Viviana Meraviglia: After watching this video, you should have a good understanding of how to generate iPSCs from frozen buffy coat isolated from human peripheral blood in a cost-effective manner and using non-integrating episomal plasmids.
Provided Media
7.1.1 – 52885_Rossini_Figure 1B.ppt- Phase contrast image of PBMNCs from buffy coat.

7.2.1 – 52885_Rossini_Figure 1C.ppt- Phase contrast image of iPSC colony from buffy coat at day 25 after transfection.

7.3.1 – 52885_Rossini_Figure 1D.ppt- Phase contrast image of iPSC colony from buffy coat at day 30-35 after transfection.

7.4.1 – 52885_Rossini_Figure 2A.ppt- Phase contrast image of iPSC colonies from buffy coat after manual passaging.

7.5.1 – 52885_Rossini_Figure 2B.ppt- Phase contrast image of iPSC colony from buffy coat at higher magnification.

7.6.1 – 52885_Rossini_Figure 2C.ppt- Representative image of normal karyogram of iPSC colony from buffy coat.

7.7.1 – 52885_Rossini_Figure 3A.ppt- Representative image of iPSC colony from buffy coat positive to alkaline phosphatase.

7.8.1 – 52885_Rossini_Figure 3C – Bar graph representing iPSC colony expression of endogenous pluripotency genes by qRT-PCR.

7.9.1 – 52885_Rossini_Figure 3D – Bar graph representing the transgene exclusion in iPSC colonies evaluated using qPCR.

7.10.1 – 52885_Rossini_Figure 4A – Immunostaining image for SSEA-4 and OCT3/4 of iPSC colony from buffy coat.

7.11.1 – 52885_Rossini_Figure 4B – Immunostaining image for TRA-1-81 and OCT3/4 of iPSC colony from buffy coat.

7.12.1 – 52885_Rossini_Figure 4C – Immunostaining image for TRA-1-60 and SOX-2 of iPSC colony from buffy coat.
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.
 2015, Journal of Visualized Experiments


