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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? N
3. Which steps from the protocol section below are the most important for viewers to see? 
2.3., 2.6., 3.2., 3.3., 4.4.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.3. and 2.6. When performing iPSCs-passaging, we checked the iPSCs-confluency by microscopy (2.3) and decide the sprit ratio with in a range of 1:2 to 1:4 for seeding (2.6). This would be critical for following iPSCs-differentiation.
5. Will the filming need to take place in multiple locations? Y, same building different floors
 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee.

1. REQUIRED Interview Statements (Said by you on camera): All interview statements may be edited for length and clarity.

1.1. Taiki Nakajima: The induction of somite derivatives from induced pluripotent stem cells, or iPSC, is a critical step for using pluripotent stem cells for regenerative therapy or disease research applications [1].

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Makoto Ikeya: This technique can be used to differentiate human iPSCs into somite derivatives and myotome, dermatome, sclerotome, and syndetome cells under chemically defined conditions [1].

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Makoto Ikeya: Using iPSC established from a patient suffering from an intractable muscloskeletal disorder, this method can be used for modeling the phenotype of the disease and for testing new drug therapies [1].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Taiki Nakajima: This method can also be applied to furthering our understanding of the biology and the mechanisms underlying the development of paraxial mesoderm during human embryogenesis [1].

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.5. Procedures involving human subjects have been approved by the ethics committee at the Department of Medicine and Graduate School of Medicine of Kyoto University.

Section - Protocol
2. Human Induced Pluripotent Stem Cell (iPSC) Pre-Induction Preparation 
2.1. Four days prior to starting presomitic mesoderm induction, coat a 10-centimeter dish with 4 milliliters of extracellular matrix solution [1-TXT] for an overnight incubation at 4 degrees Celsius [2].
2.1.1.  WIDE: Talent adding ECM to dish, with ECM container visible in frame TEXT: See text for all medium/reagent preparation details
2.1.2. MED: Talent placing dish at 4 °C
2.2. The next morning, replace the extracellular matrix solution with 8 milliliters of feeder-free cell culture medium [1].
2.2.1. MED: Talent adding medium to dish, with medium container visible in frame

2.3. To begin feeder-free culturing, wash the human iPSC culture with PBS [1] and add 1 milliliter of CTK (C-T-K) solution to the culture dish [2-TXT].

2.3.1. MED: Talent adding PBS to dish/washing cells, with PBS container visible in frame
2.3.2. MED: Talent adding CTK to dish, with CTK container visible in frame TEXT: Confirm 70-80% iPSC confluency/SNL feeder cell detachment by microscopy

2.4. When the cells begin to detach from the dish bottom, wash the culture two times with fresh PBS to fully remove all of the SNL (S-N-L) feeder cells [1] before adding 1 milliliter of feeder-free cell culture medium into the dish [2].

2.4.1. CU: Cells being washed, with PBS container label visible in frame
2.4.2. MED: Talent adding medium to dish, with medium container visible in frame

2.5. Use a cell scraper to manually detach the stem cells [1] and transfer the cells to a 15-milliliter conical tube [2].

2.5.1. CU: Cells being scraped
2.5.2. MED: Talent adding cells to tube

2.6. Gently pipette the cell solution three times with a 1000-microliter pipette tip [1] and transfer the cells to the extracellular matrix-coated culture dish [2-TXT].

2.6.1. CU: Cells being pipetted
2.6.2. MED: Talent adding cells to dish TEXT: Spilt 1:2 to 1:4 depending on confluence ratio before feed-free culturing

2.7. Then return the cells to the cell culture incubator for three days [1-TXT].

2.7.1. MED: Talent placing plate into incubator TEXT: Replace medium after 3 days

3. Presomitic Mesoderm (PSM) and Somitic (SM) Differentiation

3.1. At the end of the incubation, replace the feeder-free cell culture medium with 8 milliliters of presomitic mesoderm induction medium [1] and initiate presomitic mesoderm differentiation in the cell culture incubator for the next 4 days, changing the medium on day 3 [2].

3.1.1. WIDE: Talent adding medium to dish, with medium container visible in frame
3.1.2. MED: Talent placing dish into incubator

3.2. At the end of the incubation, isolate the delta-like-protein-1-positive cells by flow cytometry [1-TXT] and collect the sorted cells by centrifugation [2-TXT].

3.2.1. MED: Talent loading tube onto cytometer TEXT: See text for DLL1 FACS details
3.2.2. MED: Talent adding tube(s) to centrifuge TEXT: 3 min, 280 x g, RT

3.3. Resuspend the pellet in 1 milliliter of somitic mesoderm induction medium for counting [1] and seed 1 x 105 cells into each well of an extracellular matrix solution-coated 12-well plate containing 1 milliliter of somitic mesoderm induction medium supplemented with 10 micromolar of the rho kinase, or ROCK, (rock) inhibitor Y27632 (Y-two-seven-six-three-two) [2].

3.3.1. CU: Shot of pellet if visible, then medium being added to tube
3.3.2. MED: Talent adding cells to well(s)

3.4. Then return the cells to the cell culture incubator for 4 more days [1], changing the medium not containing the inhibitor on days 2 1 and 4 3 of culture [2].

3.4.1. MED: Talent placing plate into incubator
3.4.2. CU: Medium being added to well(s), with medium container label visible in frame

4. SM Derivative [Syndetome (SYN)] Differentiation 

4.1. For syndetome differentiation from sclerotome cells, wash the sclerotome cells with PBS [1] before detaching the cells with 0.2 milliliters of cell dissociation reagent per well [2].

4.1.1. WIDE: Talent washing cells with PBS, with PBS container visible in frame
4.1.2. MED: Talent adding cell dissociation reagent to well(s)

4.2. After 3 minutes at room temperature, add 0.8 milliliters of chemically defined medium basal medium to each well [1] and detach the cells with a cell scraper [2].

4.2.1. MED: Talent adding medium to well(s), with medium container visible in frame
4.2.2. CU: Well(s) being scraped

4.3. Transfer the cells to a 15-milliliter conical tube for centrifugation [1] and resuspend the pellet in 1 milliliter of syndetome induction medium-1 for counting [2].

4.3.1. MED: Talent adding cells to tube
4.3.2. CU: Shot of pellet if visible, then medium being added to tube, with medium container label visible in frame

4.4. Seed 5 x 104 cells into each well of an extracellular matrix solution-coated 24-well plate containing 1 mL of syndetome induction medium-1 [1] and return the plate to the cell culture incubator for three days [2].

4.4.1. MED: Talent adding cells to well(s)
4.4.2. MED: Talent placing plate into incubator

4.5. On day three of syndetome induction, replace the medium with syndetome induction medium-2 [1] and return the plate to the incubator for 18 days, changing the medium every three days [2].

4.5.1. MED: Talent adding medium to well(s), with medium container visible in frame
4.5.2. MED: Talent placing plate into incubator


Section – Results
5. Results: Representative iPSC-Derived Product Characterization 

5.1. After presomitic mesoderm differentiation, over 85% of the cells are positive for delta-like-protein-1, a marker of presomitic mesoderm, but negative for PAX3 (pax-three), a marker of somitic mesoderm [1].

5.1.1. LAB MEDIA: Figure 2B: JoVE Video Editor: please emphasize cells in top left quadrant of PSM graph 

5.2. This population becomes PAX3-positive somitic mesoderm cells after 4 days of somitic mesoderm induction [1].

5.2.1. LAB MEDIA: Figure 2C: JoVE Video Editor: please emphasize green signal in PAX3:SM image
 
5.3. Further, staining of cadherin 11, a marker of epithelialized somitic mesoderm, only accumulates at the cell-cell junction following the addition of kinase inhibitors [1].

5.3.1. LAB MEDIA: Figure 2E: JoVE Video Editor: please emphasize red signal in S10C5 image

5.4. Differentiation toward dermomyotome [1] … myotome [2] … dermatome [3] … sclerotome [4] … and syndetome can be assessed by immunocytochemistry and PAX3-fluorescence [5].

5.4.1. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize DM images
5.4.2. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize MYO images
5.4.3. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize D images
5.4.4. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize SCL images
5.4.5. LAB MEDIA: Figure 3B: JoVE Video Editor: please emphasize SYN images

5.5. Similar to human dermal fibroblasts, iPSC-derived dermatome cells [1] produce collagen and hyaluronic acid as assessed by ELISA (eliza) [2]. 

5.5.1. LAB MEDIA: Figure 4A: JoVE Video Editor: please emphasize black COL1A1 data bar
5.5.2. LAB MEDIA: Figure 4A: JoVE Video Editor: please emphasize black Hyaluronic acid data bar

5.6. To demonstrate the comparable reactivity of human iPSC-derived syndetome and human adult tenocytes, a mechanical stretch stimulation assay can be performed [1].

5.6.1. LAB MEDIA: Figure 4B
Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
6.1. Taiki Nakajima: (Step: 2.3 and 2.6) Before iPSC-passaging, confirm that the culture confluency is between 70 to 80% and split the cells at 1:2 to 1:4 ratio accordingly. This passaging is critical for a successful iPSCs-differentiation [1]. 
6.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
6.2. Taiki Nakajima: For future cell-based therapies using this method, it is necessary to establish a novel xeno-free condition that does not include any components derived from non-human animals [1].
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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