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A.  Will you require JoVE to record video microscopy through a microscope? N
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:
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  

1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of the following experiment is to efficiently generate induced pluripotent stem cells, or iPSC (Pronounce: I-P-S-C), from muscular dystrophy patients starting from urine-derived cell cultures and an integration-free reprogramming method. (Intro) This is achieved by first collecting urine samples from muscular dystrophy patients. (C1) As a second step, the urine cells are isolated and expanded into urine-derived cell cultures. (C2) Next, the urine-derived cells are transduced with Sendai virus containing Yamanaka factors (C3) and typical pluripotent-like colonies emerge after 12 days. (C4) Ultimately, by passage 13, the transgene-free state of the pluripotent stem cells can be confirmed by RT-PCR analysis. (C5)

From 52032_Strande_Conceptual Schematic.tif
(C1) show C1 urine sample collection cup (maybe show cup and then have cup fill with yellow liquid?) 
(C2) maybe have several “cells” appear throughout cup, then move up and out of cup and disperse through C2 petri dish
(C3) if possible, have generic virus graphic appear and have viruses enter at least a few cells in petri dish
(C4) zoom into petri dish and show C3 colony of cells graphic
(C5) show C4 RT-PCT gel image OR 52032_Strande_Figure-3A.tiff

B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Jennifer L. Strande: The main advantage of this technique over existing methods, like the reprograming of isolated skin fibroblasts using lentiviral vectors, is that with this technique the somatic cells can be collected non-invasively from patients and used to efficiently generate the iPSCs using a zero footprint method of viral reprogramming.   
1.2. Muhammad Z. Afzal: This method can help answer key questions in the muscular dystrophy field, such as how can disease conditions be modeled in vitro without safety concerns for its human application? 
1.3. Jennifer L. Strande: Demonstrating the procedure will be Muhammad Zeeshan Afzal, a postdoctoral fellow, Courtney Gastonguay, a technician, and Melanie Reiter, a graduate student, both from my 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):
2. Isolation and expansion of urine cells
2.1. To collect a urine sample, begin by advising the patient to drink fluids 30 minutes prior to the collection to ensure that ~30-40 mL of urine can be collected. 
2.1.1. WIDE: Talent handing Patient cup/bottle/similar of fluids
2.2. When the patient is ready, give the patient a urine collection kit containing the following items: written instructions on how to obtain sterile or clean catch urine sample, moist anti-bacterial toilettes, and a 100 mL sterile specimen collection cup. 
2.2.1. MED: Talent handing Patient collection kit
2.2.2. CU: Shot of collection kit components on counter (Video Editor: please indicate each as mentioned “instructions”, “toilettes” and “specimen collection cup)
2.3. When the sample has been collected, immediately place the collection cup on ice and transfer the sample to the laboratory in a cooler. 
2.3.1. CU: Cup being placed on ice
2.3.2. MED: Talent walking down hall carrying cooler (TEXT: Process specimen <4 hrs)
2.4. Then use sterile pipettes to transfer the urine sample into sterile 50 mL centrifuge tubes and spin the tubes at 400 x g for 10 minutes at room temperature. 
2.4.1. MED: Talent adding urine sample to at least one 50 mL tube
2.4.2. MED: Talent adding tube(s) to centrifuge
2.5. Next, in a BSL2 biological safety cabinet, aspirate all but the last 1 mL of the supernatant, being careful not to disturb the pellet.
2.5.1. MED: Talent aspirating supernatant at hood OR MED: Talent sitting down at hood (Videographer: More important to get Talent at hood in shot than action)
2.5.2. CU: Last few seconds of all but 1 mL of supernatant being aspirated

2.6. Then wash the cells in 7 mL of washing buffer and spin the cells down again, this time aspirating all but the last ~0.2-0.5 mL of the supernatant. 

2.6.1. CU: Shot of pellet with 1 mL of supernatant, then buffer being added to tube  (TEXT: See text for media/reagent preparation)

2.6.2. CU: Tube(s) being placed into centrifuge

2.6.3. CU: Shot of 0.2-0.5 mL of supernatant and pellet (if pellet is visible)

2.7. Now resuspend the pellet in 2-3 mL of Urinary Progenitor Cell, or UPC, medium and transfer the suspension into 4-6 wells of an uncoated 24-well plate.

2.7.1. CU: Few seconds of pellet being resuspended in UPC medium

2.7.2. MED: Talent adding cells to at least one well of 24 well plate

2.8. After 72 hrs, supplement the culture with 0.5 mL of fresh UPC medium per well.

2.8.1. CU: Medium being added to at least one well (TEXT: Change medium every 2-3 d)

2.9. Monitor the culture for between 4-6 days of incubation. Small 2-4 cell colonies of rounded or elongated cells representing type I or type II renal epithelial cells, respectively, should start to appear.

2.9.1. MED: Talent at microscope (or similar) looking at plate/one well

2.9.2. LAB MEDIA: Authors: please submit image of colonies (Video Editor: if possible, with “type I” please indicate the type I colonies; with “type II renal epithelial cells” please indicate the type II colonies)

2.10. Continue to change the medium every 2-3 days, as the colonies will undergo a rapid expansion phase.

2.10.1. MED: Few seconds Talent adding or aspirating medium from at least one well

2.11. At around 9-15 days of culture, the cells should be 80–90% confluent. At this point, split the cells onto 2-4 wells of a 12-well plate for further expansion, marking this culture as cell passage 1. 

2.11.1. MED: Talent taking plate out of incubator OR LAB MEDIA: Authors: if you have a shot of the cells at 80-90% confluency, please submit it 

2.11.2. MED – over the shoulder: Talent dispensing cells into at least one dish well of 12 well-plate, with 24 well plate visible in frame

2.11.3. CU: Shot of plate marked “Cell passage 1” OR CU: being marked “Cell passage 1”

2.12. The urine cells can then be characterized for lineage specific markers through flow cytometric analysis, immunohistochemical staining or through reverse transcriptase-polymerase chain reaction.

2.12.1. LAB MEDIA: Afzal et al-JoVE-Fig-1.pdf 

(Video Editor: with “flow cytometric analysis” please highlight the top left flow graphs; 

with “immunohistochemical staining” please highlight the images on the right of the figure; 

with “reverse … reaction” please highlight the gel image in the bottom left of the figure)

3. Urine cell reprogramming using Sendai virus

3.1. To ensure high efficiency reprogramming, two days prior to the transduction, seed 60,000 cells per well from a passage 1-5 culture into two wells of a 6-well plate. 

3.1.1. WIDE: Few seconds Talent adding cells to at least one well of a 6 well plate, with cell culture dish visible in frame (TEXT: Adjust density for 80-90% confluency @ 48 hrs)

3.2. On Day 0, prepare the Sendai reprogramming vector by adding each of the four OSKM (Pronounce: O-S-K-M) factors at an appropriate MOI for reprogramming to 1 mL of pre-warmed UPC media. 

3.2.1. MED: Talent adding at least one factor to 1 mL UPC media, with factor containers with labels visible in frame if possible (TEXT: e.g., MOI 1-1.5 = 5-7.5x 105 CIU) 

3.3. Aspirate the spent media and slowly add the virus suspension to one well of the urine cells.

3.3.1. CU: Few seconds media being aspirated from at least one well

3.3.2. CU: Few seconds virus being added to at least one well, with virus container label visible if possible (TEXT: Second well = transduction negative control)

3.4. For the next 6 days, replace the supernatant daily with fresh UPC medium.

3.4.1. MED: Talent adding medium to at least one well, with UPC medium container label visible if possible

3.5. On day 5, plate Mitomycin-C treated-MEFs onto gelatin-coated 100 mm2 culture dishes.

3.5.1. MED – over the shoulder: Talent adding MEFs onto at least one gelatin-coated dish

3.6. On Day 6, dissociate the urine cells with trypsin, resuspend them in UPC medium, and plate them at 5104 - 2105 cells per MEF feeder plate. 

3.6.1. CU: Tryspin being added to at least one well, with trypsin container label visible in frame if possible

3.6.2. CU: Few seconds UPC medium being added to cells, with container label visible in frame if possible

3.6.3. CU: Cells being added to MEF plate

3.7. The next day, replace the UPC medium with human embryonic stem cell, or hESC (Pronounce: H-E-S-C), medium and monitor the cells under a microscope to observe the transformed cells. 

3.7.1. CU: Few seconds hESC medium being added to cells (TEXT: Change media daily 2-3 wks)

3.7.2. MED: Talent at microscope, looking at cells OR LAB MEDIA: Shot of cells in the process of transformation

3.8. Around 12-18 days post transduction, the cells should form clonal aggregates with a characteristic cobblestone morphology and a higher nucleus to cytoplasmic ratio.

3.8.1. LAB MEDIA: 52032_Strande_Figure-2B.tif (Video Editor: please highlight the bottom left image)

4. Urine derived induced pluripotent stem cell (iPSC) clonal expansion

4.1. To identify the reprogrammed iPSC clones, perform live cell staining for Tra-1-81 antibody. Then use a 26G ½ inch needle to cross hatch the Tra-1-81 positive clonal aggregates into 4-6, small, equal-sized pieces per clone. 

4.1.1. WIDE: Few seconds Talent adding antibody to cells

4.1.2. MED – over the shoulder: Few seconds Talent cross hatching at least one clone

4.2. Next, use a sterile pipette-tip to pick and transfer 10-20 cross-hatched pieces from multiple clones into each well of a 24-well Matrigel-coated plate with hESC medium. 

4.2.1. CU: Shot of at least one piece being picked up

4.2.2. CU: Shot of at least one piece being deposited into well of 24 well plate

4.3. 24 to 48 hours after the reprogrammed clones are plated onto the Matrigel surface, replace the medium with iPSC medium.

4.3.1. MED: Talent adding medium to at least one well, with iPSC medium container label visible in frame if possible

4.4. Use a pipette tip to manually scrape off any differentiated cells or contaminating MEF feeder cells to aid in the purification of the fully reprogrammed and pluripotent dystrophic iPSC clones.

4.4.1. CU: Few seconds pipette tip scraping cells/well

4.5. After the clones have reached ~100 micrometers in size, dissociate the cells with EDTA for 3 minutes, and then plate small cell aggregates of the reprogrammed dystrophic iPSCs suspended in iPSC medium supplemented with RhO Kinase inhibitor onto a fresh, matrigel-coated 12-well plate.

4.5.1. MED: Talent adding EDTA to at least one well, with EDTA container label visible in frame if possible

4.5.2. MED: Talent adding cells into at least one well of 12 well plate

4.6. Finally, confirm the pluripotency of each clone by both gene expression analysis and immunohistochemical staining for pluripotent markers.

4.6.1. LAB MEDIA: Afzal et al-JoVE-Fig-3.pdf (Video Editor: with “gene expression analysis” please highlight the gel on the left side of the graphic; with “immunohistochemical … markers” please highlight the images on the right side of the graphic)

5. Results: Representative generation of viral genome and transgene free iPSCs

5.1. Most cells isolated from human urine are positive for progenitor and stem cell markers such as CD44, CD73, and CD146. 

5.1.1. LAB MEDIA: 52032_Strande_Figure-1A.tiff 

(Video Editor: with “CD44” please highlight the top right graph AND/OR the green histogram; 

with “CD73” please highlight the bottom left graph AND/OR the red histogram in the bottom left graph; 

with “CD146” please highlight the bottom right graph AND/OR the red histogram in the bottom right graph)

5.2. The cells also exhibit mesenchymal markers, such as alpha-smooth muscle actin and vimentin.

5.2.1. LAB MEDIA: 52032_Strande_Figure-1B.tiff (Video Editor: with “alpha smooth muscle actin” please highlight the middle image; with “vimentin” please highlight the bottom image)

5.3. RT-PCR of the isolated cells provides evidence of a mixed population of cells in the cultures, in that there is weak expression of Cytokeratin-7 and Uroplakin-Ia and -IIIa, markers of uroepithelial cells.

5.3.1. LAB MEDIA: 52032_Strande_Figure-1C.tiff 

(Video Editor: with “weak expression of cytokeratin-7” please highlight the CK-7 band; 

with “Uroplakin-Ia” please highlight the UP-1a band; 

with “and -IIIa” please highlight the UP-IIIa band)

5.4. The urine cells transform from elongated, type II cells on Day 0 into a cobblestone pattern by Day 4 of reprogramming. By Day 12, typical pluripotent clones are observed and are able to maintain their pluripotent morphology under feeder free conditions.

5.4.1. LAB MEDIA: 52032_Strande_Figure-2B.tiff 

(Video Editor: with “transform … Day 0” please highlight the top left image; 

with “cobblestone … reprogramming” please highlight the top right image; 

with “By Day 12 … observed” please highlight the bottom left image; 

with “maintain … conditions” please highlight the bottom right image)

5.5.  Live cell staining for TRA-1-81 can be used to identify the reprogrammed clones.

5.5.1. LAB MEDIA: 52032_Strande_Figure-2C.tiff (Video Editor: please highlight the middle image)

5.6. To confirm the generation of vector and transgene free pluripotent clones, RT-PCR can be performed using primers against the Sendai virus genome and each of the exogenous OSKM factors. The exogenous gene expression is no longer detected by passage 13, but the upregulation of endogenous factors can be observed.

5.6.1. LAB MEDIA: 52032_Strande_Figure-3A.tiff 

(Video Editor: with “RT-PCR … OSKM factors” please highlight the iPSC-P2 lane; 

with “exogenous … passage 13” please highlight the iPSC-P13 and iPSC-P24 lanes; 

with “but the upregulation .. observed” please circle/indicate the last two bands at the bottom of the iPSC-P13 and iPSC-P24 lanes)

5.7. Immunofluorescent staining confirms the expression of pluripotent markers on the iPSCs, but not the urine cells.

5.7.1. LAB MEDIA: 52032_Strande_Figure-3B.tiff (Video Editor: with “Immunofluorescent … iPSCs” please highlight the middle right and bottom right images; with “but not the urine cells” please highlight the bottom left and middle left images)

5.8. The expression of the dystrophin protein and gene can then be verified by further immunofluorescence and RT-PCR, respectively, as demonstrated with these representative images from a wild-type control cell line.

5.8.1. LAB MEDIA: 52032_Strande_Figure-3C-D.tiff (Video Editor: with “further immunofluorescence” please highlight the top images; with “and RT-PCR” please highlight the bottom images)
6. Conclusion (said by authors on camera)
6.1. Muhammad Z. Afzal: Once mastered, this technique can be employed to achieve transgene-free reprogramming of the UCs within a few weeks.
6.2. Jennifer L. Strande: Following this procedure, we can differentiate these iPSCs into cardiomyocytes or skeletal myocytes to further our understanding of the mechanisms of muscular dystrophy.

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.  
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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.
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