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Author Questionnaire
1. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar?  Yes
If Yes, can you record movies/images using your own microscope camera?
No 
If your protocol involves microscopy but you are not able to record movies/images with your microscope camera, JoVE will need to use our scope kit. 
If your microscope does not have a camera port, the scope kit will be attached to one of the eyepieces and you will have to perform the procedure using one eye.
EVOS FL microscope AMF4300
If a dissection or stereo microscope is required for your protocol, please list all shots from the script that will be visualized using the microscope (shots are indicated with the 3-digit numbers, like 2.1.1, 2.1.2, etc.).
SCOPE Shota: 3.1.2, 3.2.2, 3.3.1, 3.3.2, 3.4.2, 3.4.4
Videographer: Please film the above-mentioned shots using the scope kit

2. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage?  No

3. Filming location: Will the filming need to take place in multiple locations?   No

4. Testimonials (optional): Would you be open to filming two short testimonial statements live during your JoVE shoot? These will not appear in your JoVE video but may be used in JoVE’s promotional materials. No


Current Protocol Length
Number of Steps:  21
Number of Shots:  57 (8 Scope) 

Introduction
Videographer: Obtain headshots for all authors available at the filming location. 


Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context
Answers are slightly edited in accordance with journal guidelines and we have retained 5 best  answers.

INTRODUCTION:

REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Jennifer Art: The purpose of this study is to reprogram human frozen buffy coats or PBMCs into induced pluripotent stem cells. 
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Describe the research gap or limitation in existing methods and how this protocol addresses them.
1.2. Jennifer Art: This protocol uniquely purifies buffy coats after thawing and identifies a somatic cell morphology that is indicative of reprogramming success.
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Jennifer Art: This protocol provides detailed check points to track and predict reprogramming success. 
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera


Are there any additional methods or analyses that can be performed following this procedure?
1.4. Jennifer Art: To further confirm that an iPSC line is suitable for use, karyotyping, genotyping, and regular mycoplasma testing should be performed. 
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Jennifer Art: This protocol allows for reprogramming from existing patient populations with biobanked buffy coats, broadening the utility of iPSC technology.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Videographer: Obtain headshots for all authors available at the filming location.

Ethics Title Card
This research has been approved by the University of Georgia’s Human Research Ethics Committee


Protocol  
Videographer: Please always record an audio slate while filming each shot mentioned in the shotlist.

2. Human Peripheral Blood Mononuclear Cell (PBMC) Purification from Frozen Buffy Coat
Demonstrator: Jennifer Art 


2.1. To begin, retrieve the frozen buffy coat extracted from human blood from the freezer [1] and place it on ice until ready to thaw [2]. Gently swirl the sample in a 37 degrees Celsius water bath [3] and remove the vial when only a small ice crystal remains [4].
2.1.1. WIDE: Talent retrieving a vial from a liquid nitrogen container.
2.1.2. Talent placing the vial on ice.
2.1.3. Talent swirling the vial in a 37 degrees Celsius water bath.
2.1.4. Talent removing the vial and showing a small ice crystal remaining.

2.2. Carefully transfer the contents of the vial dropwise into the conical tube containing 12 milliliters of DPBS [1]. Rinse the vial with 1 milliliter of DPBS [2] and add the rinse to the conical tube containing the retrieved cells [3].
2.2.1. Talent transferring the vial contents dropwise into a conical tube.
2.2.2. Talent adding Dulbecco's phosphate-buffered saline into the vial and swirling the tube.
2.2.3. Talent transferring the rinse into the conical tube.

2.3. Centrifuge the sample using a swinging bucket rotor at 200 g at room temperature for 10 minutes [1]. Carefully remove the supernatant [2] and resuspend the cell pellet in 4 milliliters of DPBS containing 1 percent FBS [3].
2.3.1. Talent placing the tube into a swinging bucket centrifuge.
2.3.2. Talent removing the supernatant from the tube.
2.3.3. Talent resuspending the cell pellet in buffer.

2.4. Now, gently layer the buffy coat mixture on top of the density gradient solution without allowing mixing [1]. Centrifuge using a swinging bucket rotor at 800 g for 20 minutes at room temperature with the brake off [2].
2.4.1. Talent carefully layering the buffy coat mixture over the density gradient solution.
2.4.2. Talent placing the tube into a swinging bucket centrifuge.

2.5. Using a pipet, remove and discard the upper plasma layer without disturbing the plasma to gradient interface [1]. Then, remove the peripheral blood mononuclear cell layer at the interface [2] and transfer it to a clean 15-milliliter tube [3].
2.5.1. Talent removing the upper plasma layer with a pipet.
2.5.2. Talent aspirating the peripheral blood mononuclear cell layer at the interface.
2.5.3. Talent transferring the cells into a 15 milliliter tube.

2.6. Wash the peripheral blood mononuclear cells with 3 milliliters of expansion medium by centrifuging at 200 g for 10 minutes at room temperature [1]. Carefully remove the supernatant [2] and resuspend the pellet in 2 milliliters of expansion medium with cytokines [3-TXT]. Plate the cells in one well of a 12-well plate [4].
2.6.1. Talent adding the EM to cells and placing the tube into a centrifuge.
2.6.2. Talent removing the supernatant from the tube.
2.6.3. Talent resuspending the cell pellet in medium. TXT: Cytokines added: SCF; IL-3; EPO; IGF1
2.6.4. Talent plating the cells into a 12-well plate.

2.7. Culture the cells, replacing 1 milliliter of spent media with 1 milliliter fresh expansion media containing cytokines every other day [1-TXT], until erythroblast population has expanded [2].
2.7.1. Talent placing the culture plate in the incubator and setting the temperature knob. TXT: 37 °C; 5% CO2; 20% O2; 10 - 14 d
2.7.2. LAB MEDIA: Figure 2A Video editor: Show the top 2 images in the last column on the right only and highlight the cells pointed by the orange arrows

2.8. Three days after transducing the cells with Sendai virus, plate the transduced cells onto the 3 wells of irradiated mouse embryonic fibroblasts at 2 milliliters per well [1] and incubate again for about 7 days [2-TXT].
2.8.1. Talent adding the cells onto the irradiated mouse embryonic fibroblasts.
2.8.2. Talent placing the plate in the incubator.
TXT: Maintain emerging colonies by feeding with human embryonic stem cell media every other day
Authors: The upper limit for shots is 55 as per journal guidelines and we are already above that. Hence the transduction and feeder plating steps are summarised into one line



3. Picking Emerging Induced Pluripotent Stem Cell (iPSC) Colonies
3.1. Place the plate containing the transduced cells and emerged colonies on a dissecting microscope [1]. Use the microscope to locate one colony to pick [2] and lift the lid of the plate to expose the well [3].
3.1.1. Talent placing the plate on a dissecting microscope.
3.1.2. SCOPE: View of colonies and focusing on one colony. Videographer: Please film the SCOPE shots using the scope kit
3.1.3. Talent lifting the lid of the plate to expose the well.

3.2. Aseptically open the syringe and expose the needle [1]. Guided by the microscope, use the needle tip to detach the colony from surrounding feeder cells by tracing the outline of the colony [2].

3.2.1. Talent opening a syringe and exposing the needle.
3.2.2. SCOPE: Needle tip tracing around a colony to detach it from feeder cells.

3.3. Use the needle tip to cut the colony into a few equal size pieces [1]. If the pieces have not detached, use the side of the needle to scoop or scrape them off the plate until they are floating [2].

3.3.1. SCOPE: Needle tip cutting a colony into equal pieces.
3.3.2. SCOPE: Needle scooping or scraping colony pieces to detach and float them.

3.4. Now, using a P200 pipette, locate the picked colony under the microscope [1]. Aspirate the floating colony with the pipette [2] and transfer it to a well of the prepared 24-well plate [3]. Ensure the entire colony is transferred without collecting other colonies or feeder cells [4].

3.4.1. Talent positioning a P200 pipette while viewing the colony under the microscope.
3.4.2. SCOPE: Pipette tip aspirating the floating colony.
3.4.3. Talent transferring the colony into a well of a 24-well plate.
3.4.4. SCOPE: View confirming a single colony in the destination well without contaminants.

3.5. Place the plate in the incubator at 37 degrees Celsius with 5 percent carbon dioxide and 20 percent oxygen [1-TXT].
3.5.1. Talent placing the plate into an incubator. TXT: Feed the picked colonies with 1 mL of hPSC medium every day until they are confluent



4. Expansion and Passaging iPSC Colonies

4.1. Identify colonies that are large, round, and exhibit glowing edges as ready to split [1 and 2]. 
4.1.1. Talent observing the plate under microscope.
4.1.2. LAB MEDIA as inset in 4.1.1: Figure 4A Video editor: Show one image from Figure 4A as an inset in 4.1.1

4.2. Aspirate the media from the well [1] and rinse the sample once with 1 milliliter of DPBS [2]. Then, remove the DPBS [3] and add 500 microliters of 0.5 millimolar EDTA dissociation buffer [4]. Incubate the sample at 37 degrees Celsius with 5 percent carbon dioxide for 2 minutes until colonies loosen and cells round up [5].
4.2.1. Talent aspirating media from the well.
4.2.2. Talent adding Dulbecco's phosphate-buffered saline to rinse the well.
4.2.3. Talent aspirating the rinse solution.
4.2.4. Talent adding ethylenediaminetetraacetic acid dissociation buffer to the well.
4.2.5. Talent placing the plate into an incubator.

4.3. Next, remove the plate from the incubator [1] and aspirate the EDTA dissociation buffer [2]. Using a P1000 pipette, collect the cells with 1 milliliter of human pluripotent stem cell medium by gently pipetting up and down until colonies are detached and slightly broken up [3]. Transfer the 1 milliliter of medium and cells into a new 6-well plate containing 1 milliliter of fresh human pluripotent stem cell medium [4].
4.3.1. Talent removing the plate from the incubator.
4.3.2. Talent aspirating dissociation buffer from the well.
4.3.3. Talent pipetting up and down to detach and break up colonies.
4.3.4. Talent transferring the cell suspension into a new 6-well plate.

4.4. Place the cells in the incubator at 37 degrees Celsius with 5 percent carbon dioxide and 20 percent oxygen [1]. Feed induced pluripotent stem cells daily until the well is confluent and ready to split [2].
4.4.1. Talent placing the plate into an incubator.
4.4.2. Talent adding fresh medium to cultured cells.

4.5. Meanwhile, coat a 10-centimeter dish with vitronectin prepared in 7 milliliters of DPBS with 70 microliters of 500 micrograms per milliliters vitronectin [1] and incubate it at room temperature for 1 hour [2].
4.5.1. Talent adding vitronectin solution to a 10 centimeter dish.
4.5.2. Talent placing the dish at room temperature for incubation.

4.6. Repeat the splitting procedure as demonstrated earlier and expand cells from the 6-well plate into the 10-centimeter dish at a 1 to 1 ratio [1]. Use 7 to 10 milliliters of human pluripotent stem cell medium per dish [2-TXT].
4.6.1. Talent transferring cells into a 10 centimeter dish.
4.6.2. Talent adding human pluripotent stem cell medium to the dish. TXT: Incubation: 37 °C; 5% CO2 ; 20% O2

4.7. Once cells in the 10-centimeter dish are confluent, repeat the splitting process for passaging [1]. At each passage, note the passage number [2]. Adjust the splitting ratio based on cell morphology and density, typically using a 1 to 10 ratio [3].

4.7.1. Talent observing confluent cells in a 10 centimeter dish.
4.7.2. Talent writing passage number on the plate.
4.7.3. Talent transferring a portion of cells to a new dish at a defined ratio.

4.8. Finally, characterize induced pluripotent stem cells by confirming stemness marker NANOG (nanog) expression using immunofluorescence [1]. Differentiate the cells into ectoderm, mesoderm, and endoderm lineages using defined culture conditions [2] and validate the pluripotency by staining and visualizing PAX6 (pax-6), BRACHYURY (brach-yury), and SOX17 (sox-17), along with loss of NANOG expression [3].
4.8.1. Talent adding the antibody master mix to the cells in the dish.
4.8.2. Talent placing the culture dish in a refrigerator.
4.8.3. Talent placing the sample under a fluorescence or confocal microscope.


4.8.4. 

Results
5. Results 

5.1. At the end of expansion, peripheral blood mononuclear cells differentiated into erythroblasts appeared as bright, round cells of large and small size [1], whereas cultures lacking these cells or appearing dead were unlikely to successfully reprogram [2].
5.1.1. LAB MEDIA: Figure 5 Checkpoint2. Video editor: Highlight the checkpoint 2 images labelled “good” that show many bright round cells
5.1.2. LAB MEDIA: Figure 5 Checkpoint2. Video editor: Highlight the checkpoint 2 images labelled “bad” and “dead”

5.2. Successful transduction and reprogramming were marked by the emergence of induced pluripotent stem cell colonies on irradiated feeder cells, which then grew to resemble a typical stem cell morphology [1], whereas cells that did not adopt a stem-cell-like morphology were not successfully reprogrammed [2].
5.2.1. LAB MEDIA: Figure 5 Checkpoint3. Video editor: Highlight the checkpoint 3 image labelled “good” 
5.2.2. LAB MEDIA: Figure 5 Checkpoint3. Video editor: Highlight the checkpoint 3 images labelled “bad” and “none”

5.3. Successfully reprogrammed induced pluripotent stem cells exhibited dense, round colonies with smooth, bright edges [1], subclones with less ideal morphology such as spontaneous differentiation or dense centers were cleaned up by adjusting splitting conditions [2]. Some picked colonies did not successfully expand [3].
5.3.1. LAB MEDIA: Figure 5 Checkpoint4. Video editor: Highlight the checkpoint 4 image labelled “good” 
5.3.2. LAB MEDIA: Figure 5 Checkpoint4. Video editor: Highlight the checkpoint 4 image labelled “OK”
5.3.3. LAB MEDIA: Figure 5 Checkpoint4. Video editor: Highlight the checkpoint 4 images labelled “bad”

5.4. In addition to morphology, induced pluripotent stem cells exhibited stemness as evidenced by expression of stemness marker NANOG [1].
5.4.1. LAB MEDIA: Figure 4C. 

5.5. Reprogrammed induced pluripotent stem cells demonstrated differentiation potential into ectoderm [1], mesoderm [2], and endoderm [3].
5.5.1. LAB MEDIA: Figure 4D. Video editor: Highlight panel D labelled “Ectoderm”
5.5.2. LAB MEDIA: Figure 4E. Video editor: Highlight panel E labelled “Mesoderm”
5.5.3. LAB MEDIA: Figure 4F. Video editor: Highlight panel F labelled “Endoderm
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