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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? 
5.7.-5.11.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
2.6., 5.7.-5.11.
5. Will the filming need to take place in multiple locations? N 


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. Ji Hyeon Ju: Cord blood mononuclear cells, or CBMC, have emerged as a potential cell source for regenerative medicine because human leukocyte antigen-typing is essential to the cell banking system [1].  

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

1.2. Yena Kim: CBMC-induced pluripotent stem cells, or CBMC-iPSC, can be differentiated into keratinocytes and fibroblasts to generate a 3D skin organoid for use in dermatologic research [1]. 

1.2.1. 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)

1.3. Procedures involving animal subjects have been approved by the Institutional Animal Care and Use Committee (IACUC) at The Catholic University of Korea.
	


Section - Protocol
2. Embryonic Body (EB) Generation
2.1. Begin by culturing CBMC-iPSC onto vitronectin-coated 100-milliliter plates at 37 degrees Celsius and 10% carbon dioxide [1-TXT].
2.1.1. WIDE: Talent adding cells to plate, with medium container visible in frame TEXT: Change iPSC medium daily

2.2. When the cells have reached 80% confluency, wash the cultures with PBS [1] and treat them with 1 milliliter of 1 millimolar EDTA per plate for 2 minutes at 37 degrees Celsius and 5% carbon dioxide [2].

2.2.1. MED: Talent washing plate, with PBS container visible in frame
2.2.2. CU: EDTA being added to plate, with EDTA container visible in frame

2.3. When the cells have detached, stop the reaction with 3 milliliters of E8 medium per plate [1] and collect the cells by centrifugation [2-TXT].

2.3.1. MED: Talent adding medium to plate, with medium container visible in frame
2.3.2. MED: Talent adding tube(s) to centrifuge TEXT: 2 min, 250 x g, RT

2.4. Resuspend the pellets in 5 milliliters of E8 medium for counting [1] and transfer 1 x 106 cells to a 15-milliliter conical tube for centrifugation [2].

2.4.1. CU: Shot of pellet if visible, then medium being added to cells, with medium container label visible in frame
2.4.2. MED: Talent adding tube(s) to centrifuge

2.5. Resuspend the transferred cells with 2.5 milliliters of embryonic body formation medium supplemented with 10 micromolar Rho-associated kinase, or ROCK (rock), inhibitor [1] and use a pipette to transfer one hundred 25-microliter droplets of cells onto an uncoated culture plate lid [2].

2.5.1. CU: Shot of pellet if visible, then medium being added to cells, with medium container label visible in frame
2.5.2. CU: Droplet(s) being added to plate lid

2.6. When all of the droplets have been placed [1], turn over the dish to allow the droplets to hang from the lid for 24 hours at 37 degrees Celsius and 5% carbon dioxide [2].

2.6.1. CU: Shot of plated droplets
2.6.2. CU: Droplets hanging from lid

2.7. The next day, wash the lid with fresh E8 medium [1] and transfer the embryonic body solution to a 50-milliliter conical tube [2].

2.7.1. CU: Lid being washed
2.7.2. MED: Talent adding solution to tube

2.8. Allow the embryonic bodies to settle for 1 minute at room temperature [1] before aspirating the supernatant [2] and resuspend the embryonic bodies with fresh E8 medium [3] for their culture in a 90-millilmeter Petri dish at 37 degrees Celsius and 5% carbon dioxide until their differentiation [4] 

2.8.1. CU: Time being set, with tube of embryonic bodies visible in frame
2.8.2. CU: Supernatant being aspirated
2.8.3. ME:D Talent adding medium to tube
2.8.4. MED: Talent adding EB to dish

3. Cord Blood Mononuclear Cell-Derived-Induced Pluripotent Stem Cell (CBMC-iPSC) Keratinocyte Differentiation 

3.1. For CBMC-iPSC keratinocyte differentiation, replace the E8 medium [1] from the embryonic body culture with fresh E8 medium supplemented with 1 nanogram/milliliter of bone morphogenetic protein 4 for a 24-hour incubation at 37 degrees Celsius and 5% carbon dioxide [2].

3.1.1. WIDE: Talent aspirating medium
3.1.1.a. [Added Shot]: Talent adding cells to tube (Take1:WIDE/Take2:CU) (Editor: The authors may need to provide additional VO to accompany this shot)
3.1.1.b. [Added Shot]: Talent aspiration medium (Editor: The authors may need to provide additional VO to accompany this shot)
3.1.2. MED: Talent adding medium to plate, with BMP4 container visible in frame

3.2. The next day, harvest the embryonic bodies into a 50-milliliter conical tube as demonstrated [1] and allow bodies to settle for 1 minute a room temperature [2].

3.2.1. MED: Talent adding EB to tube
3.2.2. MED: Talent setting timer, with tube of EB visible in frame

3.3. Next, replace the supernatant with 6 milliliters of keratinocyte differentiation medium 1, or KDM1 (K-D-M-one), supplemented with 10 micromolar ROCK inhibitor [1] and transfer the embryonic bodies to a type four collagen-coated 100-millimeter dish [2].

3.3.1. MED: Talent adding KDM1 to tube, with KDM1 and ROCK inhibitor containers visible in frame
3.3.2. MED: Talent adding EB to dish

3.4. On days 0-8 of culture, replace the medium every other day [1] with fresh KDM1 supplemented with 3 micromolar retinoic acid and 25 nanograms/milliliter each of bone morphogenetic protein 4 and epidermal growth factor [2].

3.4.1. CU: Medium being aspirated
3.4.2. CU: KDM1 being added to plate, with medium, RA, BMP4, and EGF containers visible in frame

3.5. Between days 9-12, replace the medium every other day with KDM2 supplemented with 3 micromolar retinoic acid, 25 nanograms/milliliter of bone morphogenetic protein 4, and 20 nanograms/milliliter of epidermal growth factor [1].

3.5.1. CU: RA and/or BMP4 and/or EGF being added to plate, with RA, BMP4, and EGF containers visible in frame

3.6. Between days 13-30, change the medium every other day to KDM3 supplemented with 10 nanograms/milliliter of bone morphogenetic protein 4 and 20 nanograms/milliliter of epidermal growth factor [1].

3.6.1. MED: Talent adding medium to plate, with medium, RA, BMP4, and EGF containers visible in frame

4. CBMC-iPSC Fibroblast Differentiation

4.1. For CBMC-iPSC fibroblast differentiation [1], resuspend the embryonic body culture in 6 milliliters of fibroblast differentiation medium 1 supplemented with 10 micromolar ROCK inhibitor [2] and transfer the embryonic body suspension to a basement membrane matrix-coated 100-millimeter dish [3-TXT].

4.1.1. WIDE: Talent aspirating medium from culture
4.1.2. MED: Talent adding medium + ROCK inhibitor to plate, with medium and rock inhibitor containers visible in frame
4.1.3. MED: Talent adding EB to dish TEXT: Refresh medium every other day for entire culture

4.2. After three days of incubation, treat the culture with 0.5-nanomolar bone morphogenetic protein 4 for four days [1] before changing the medium to fibroblast differentiation medium 2 [2].

4.2.1. CU: BMP4 being added to dish, with BMP4 container label visible in frame
4.2.2. MED: Talent adding medium to plate, with FDM2 container visible in frame 

4.3. On day 7 of culture, change the medium to FDM2 every other day for 1 week [1].

4.3.1. MED: Talent remove medium from dish, with FDM2 container visible in frame

4.4. On day 14 of culture, detach the cells with 1 millimolar EDTA as demonstrated [1] and collect the cells in 3 milliliters of fibroblast differentiation medium 2 for centrifugation [2].

4.4.1. CU: EDTA being added to plate, with EDTA container label visible in frame
4.4.2. MED: Talent adding cells to tube, with medium container visible in frame 

4.5. Resuspend the cells in 5 milliliters of fibroblast differentiation medium 1 for counting [1] and transfer 2 x 106 cells to a non-coated dish [2].

4.5.1. CU: Shot of pellet if visible, then cells being resuspended, with medium container label visible in frame
4.5.2. MED: Talent adding cells to dish

4.6. On day 21 of culture, transfer 2 x 106 cells from the culture to a type one collagen-coated, 100-millimeter dish in fresh fibroblast differentiation medium 1 [1].

4.6.1. CU: Cells being added to dish, with EDTA and type I collagen containers visible in frame

4.7. On day 28 of culture, transfer 2 x 106 of the iPSC-derived fibroblasts to a new non-coated dish [1].

4.7.1. MED: Talent adding cells to dish

5. 3D Skin Organoid Generation	

5.1. For three-dimensional skin organoid generation, harvest the iPSC-derived fibroblasts from culture [1] and transfer 2 x 105 cells to a 15-milliliter conical tube for centrifugation [2].

5.1.1. WIDE: Talent adding EDTA to culture, with EDTA container visible in frame
5.1.2. MED: Talent adding cells to tube

5.2. Resuspend the fibroblast pellet in 1.5-milliliters of fibroblast differentiation medium 1 [1] and 1.5 milliliters of neutralized the type I collagen solution [2].

5.2.1. MED: Talent adding medium to tube, with medium container visible in frame
5.2.2. MED: Talent adding collagen to tube, with collagen container visible in frame

5.3. Incubate the cells on an insert in a 6-well microplate for 30 minutes at room temperature [1].

5.3.1. CU: Cells being added to insert

5.4. When the solution has solidified [1], add 2 milliliters of medium to the top of the insert [2] and 3 milliliters to the bottom of the well [3].

5.4.1. CU: Shot of solid gel
5.4.2. CU: Medium being added to top of insert
5.4.3. CU: Medium being added to well

5.5. Then place the fibroblast matrix into the incubator for 5-7 days until the gelation is complete and the matrix no longer contracts [1].

5.5.1. MED: Talent placing plate into incubator

5.6. At the end of the incubation, harvest the iPSC-derived keratinocytes [1] and transfer 1 x 106 cells to a 15-milliliter conical tube for centrifugation [2].

5.6.1. MED: Talent adding EDTA to plate, with EDTA container visible in frame
5.6.2. MED: Talent adding cells to tube

5.7. Resuspend the pellet in 50-100 microliters of low calcium epithelial medium 1 [1] and replace the medium over the fibroblast matrix with the keratinocyte cell solution [2].

5.7.1. CU: Shot of pellet if visible, then cells being resuspended, with medium container label visible in frame
5.7.2. CU: Cells being added to insert

5.8. After 15 minutes at 37 degrees Celsius, replace the medium at the top of the insert with 2 milliliters of epithelial medium 1 [1] and the medium in the bottom well with 3 milliliters of the same [2] and return the plate to the incubator [3].

5.8.1. CU: Medium being added to insert, with medium container label visible in frame
5.8.2. CU: Medium being added to bottom well, with medium container label visible in frame
5.8.3. MED: Talent placing plate into incubator

5.9. After 2 days, replace the medium in the insert and the well with normal calcium epithelial medium 2 for two additional days of culture [1]. 

5.9.1. MED: Talent adding medium to insert or well, with medium container visible in frame

5.10. On day 4 of culture, remove all of the medium [1] and add 3 milliliters of cornification medium to the bottom well only to generate an air-liquid interface [2].

5.10.1. CU: Insert being aspirated
5.10.2. CU: Medium being added to bottom well, with medium container label visible in frame

5.11. Then return the plate to the incubator for up to 14 days [1-TXT] before harvesting the 3D skin organoid for downstream analysis [2].

5.11.1. MED: Talent placing plate into incubator TEXT: Change medium every other d
5.11.2. CU: Insert being cut/organoid being harvested 
[bookmark: _GoBack]5.11.2. [Added Shot]: Take 2. CU: Final product (Editor: This could be used in place of 5.11.2 if it looks better)


Section – Results
6. Results: Representative CBMC-iPSC-Derived 3D Skin Organoid Formation

6.1. CBMC-iPSC-derived keratinocytes have morphologies similar to primary keratinocytes [1] and the expression of keratinocyte markers is increased in these cells [2].

6.1.1. LAB MEDIA: Figure 1D
6.1.2. LAB MEDIA: Figure 1F: JoVE Video Editor please emphasize iPSC-K data bars in Np3, KRT5, and KRT14 graphs

6.2. CBMC-iPSC-derived fibroblasts have morphologies similar to primary fibroblasts [1] and the expression of pluripotent stem cell markers OCT4 are downregulated [2] while fibroblast markers are upregulated [3].

6.2.1. LAB MEDIA: Figure 2D
6.2.2. LAB MEDIA: Figure 2F: JoVE Video Editor please emphasize iPSC-F data bar in OCT4 graph
6.2.3. LAB MEDIA: Figure 2F: JoVE Video Editor please emphasize iPSC-F data bar in CD44, COL1A1, COL1A2, and COL3A1 graphs

6.3. The thickness of the 3D skin organoid increases during 3D culture [1], confirming that the 3D skin organoid is generated from iPSC-derived keratinocytes and fibroblasts [2].

6.3.1. LAB MEDIA: Figure 3C: JoVE Video Editor please emphasize organoid thickness with bracket or similar
6.3.2. LAB MEDIA: Figure 3C 

6.4. After two weeks, a transplanted 3D skin organoid graft efficiently incorporates into a recipient mouse skin, as confirmed by H&E analysis [1].

6.4.1. LAB MEDIA: Figure 3D

6.5. Further, keratinocyte maturation and epidermal differentiation markers are expressed in the CBMC-iPSC-derived 3D skin organoids [1], demonstrating a functional differentiation, efficient grafting, and effective healing of the mouse skin defects [2].

6.5.1. LAB MEDIA: Figures 3E-H: JoVE Video Editor: please emphasize Loricrin and KRT14 dark tan staining in Figure 3F and 3H images



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Yena Kim: We use an air-liquid interface culture with a high-calcium medium that induces stratified layers of 3D skin organoid to mimic real skin. Histological analysis shows that the skin is stratified (Step: 5.1.-5.11.) [1].
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
7.2. Ji Hyeon Ju: CBMC-iPSCs are a potential cell source for skin grafts and CBMC-iPSC-derived 3D skin organoids can be used in studies related to dermatology, drug and cosmetic screening, and regenerative medicine [1]. 
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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