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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N
Can you record movies/images using your own microscope camera? Y
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope.

2. Does your protocol include software usage? Y
If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
3.2.
3.3.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.)
Steps 2.3 or 3.3. The DMSO treatment is very simple and can be added into any cell culture medium of choice. The treatment duration (24h or 48h) or concentration (1% or 2%) can be optimized for your cell line and culture conditions.  In our hands, a 24h treatment of 1% or 2% DMSO has been beneficial for many human pluripotent stem cell lines.  

5. Will the filming need to take place in multiple locations? N
If yes, how far apart are the locations? 


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

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.

1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Note: The introduction section was edited for length and clarity. Generally, journal guidelines dictate that total introduction section (required and optional) has to be less than 150 words and each individual statement has to be less than 30. 

1.1. Jingling Li: It is a simple treatment that can be applied to any stem cell line or differentiation protocol to prime cells for differentiation. All one has to do is add dimethylsulfoxide at 1-2 % into the cell culture maintenance medium.

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

1.2. Sundari Chetty: The main advantage of this technique is that it allows one to significantly increase the differentiation potential of pluripotent stem cells into any lineage of choice by priming cells for differentiation. 

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. Thomas Brickler: DMSO treatment increases the chance that cells differentiate from patient-derived iPSCs, allowing them to be used for cell replacement therapy, disease modeling, and drug screening. It can give insight into the early modes of regulation that control cell proliferation, differentiation, and specification during embryonic development.

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

1.4. Sundari Chetty: We have demonstrated that the DMSO treatment improves differentiation in nearly 50 human embryonic and induced pluripotent stem cell lines while other laboratories have shown that it is beneficial for stem cells of other species, such as mouse and primate. 

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

1.5. Jingling Li: One day before the onset of differentiation, add DMSO at a concentration of 1 or 2% for 24 hours into your typical maintenance medium.  24h after the DMSO treatment, replace media and proceed with your usual differentiation protocol.

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






































Section - Protocol
2. 2D Culture Differentiation 
2.1. Grow cells according to manuscript directions [1]. When the cells reach an appropriate confluency, dissociate them and prepare a single-cell suspension [2-TXT].
2.1.1. WIDE: Establishing shot of talent with a plate of cells in hand.
2.1.2. CU: Single cell suspension. TEXT: See manuscript for preparation instructions
2.2. Count the live cells with a hemocytometer or automatic cell counter using a viability marker such as trypan blue [1]. In order to achieve 80 to 90% confluency within the 24-hour DMSO pretreatment, plate the cells onto a coated 6 well plate at a density of 500,000 to 1 million cells per well [2-TXT]. 
2.2.1. MED: Talent counting cells.
2.2.2. CU: Talent adding cells to a well. TEXT: stem cell media with 10µM ROCK inhibitor

2.3. Incubate the cells for 24 hours at 37 ºC in a carbon dioxide incubator [1-TXT], then aspirate the media and replace it with a 1 to 2% DMSO solution [2-TXT]. Allow the cells to incubate for 24 to 48 hours prior to differentiation [3]. If incubating for 48 hours, replace the media after 24 hours with fresh DMSO solution [4].

2.3.1. MED: Cells incubating. TEXT: 5% CO2, humid atmosphere
2.3.2. CU: Talent aspirating media and putting in DMSO solution. TEXT: See manuscript for DMSO solution preparation
2.3.3. WIDE: Talent placing cells into incubator.
2.3.4. MED: Talent aspirating old DMSO solution and adding fresh DMSO solution.
3. 3D Culture Differentiation 

3.1. To achieve 3D culture differentiation, grow and collect the cells in a cell suspension [1]. Count the live cells and plate them in an uncoated, low-attachment 6-well plate in stem cell media with ROCK inhibitor [2-TXT]. Typically, 3D human pluripotent stem cell spheres will form within 24 hours [3].

3.1.1. CU: Cell suspension.
3.1.2. MED: Talent adding the cells to a few wells. TEXT: 0.5 – 1 x 106 cells per well
3.1.3. ECU: stem cell spheres. 
3.2. Allow the cells to incubate for 24 hours at 37 ºC in a carbon dioxide incubator [1]. Prepare 1 to 2% DMSO in prewarmed stem cell media according to manuscript directions [2]. To replace the media after the incubation, tilt the plate to a 30° to 45° angle and allow cell spheres to settle at the bottom of the well [3].
3.2.1. MED: Cells incubating.
3.2.2. MED: Talent adding DMSO to stem cell media. 
3.2.3. MED: Talent tilting plate.
3.3. Aspirate the media from the cells and gently resuspend them in the DMSO solution [1]. Allow the cells to incubate for 24 to 48 hours at 37 ºC in a carbon dioxide incubator [2]. 
3.3.1. CU: Talent aspirating media and then resuspending cells in DMSO solution.
3.3.2. MED: Cells in the incubator.

4. Ectoderm Differentiation 
4.1. Pretreat cells with DMSO as described for 2D cultures and prepare Noggin and SB431542 stock solutions [1-TXT]. Prepare enough 10% knockout serum replacement, or KOSR (pronounce K-S-O-R), in knockout DMEM (pronounce D-M-E-M) for 3 to 4 days of media change [2]. 
4.1.1. WIDE: Talent at the bench preparing solutions. TEXT: See manuscript for preparation instructions
4.1.2. MED: Talent adding KOSR to knockout DMEM.
4.2. Prepare ectodermal differentiation media by adding Noggin and SB431542 to prewarmed KOSR-knockout DMEM as described in the manuscript [1]. After DMSO pretreatment, aspirate media from cells and add 2 milliliters of differentiation media to each well [2].
4.2.1. MED: Talent adding Noggin to KOSR-knockout DMEM.
4.2.2. CU: Talent aspirating media and then adding differentiation media to a well.
4.3. Allow the cells to incubate for 3 to 4 days at 37 ºC in a carbon dioxide incubator [1], replacing media daily with fresh differentiation factors [2]. 
4.3.1. MED: cells in the incubator.
4.3.2. MED: Talent aspirating media and then adding fresh media to a well.





Section – Results
The Results section is restricted to 200 words of narrative. Please read through the results as presented to make sure that it accurately represents your findings. If you would like to highlight other data, please revise this section accordingly, keeping in mind the word count restriction. Please note that we cannot include narrative without an accompanying visual. 
5. Results: Effects of DMSO Pretreatment on Embryonic and Induced Pluripotent Stem Cell Differentiation
5.1. DMSO pretreatment results in a transient and dose dependent decrease in cell growth rate compared to non-treated cells [1]. This decreased proliferation is associated with an increase in cell-to-cell contact, which is especially pronounced in the 2% DMSO treated cells [2]. 

5.1.1. Figure 1. Video Editor: Emphasize the first row of the figure.
5.1.2. Figure 1. Video Editor: Emphasize the last photo in the first row (2% DMSO)
5.2. When the cells are fixed and stained for prototypic markers of each germ layer it can be seen that 2% DMSO pretreatment results in an increased proportion of differentiated germ layer cells [1]. For example, SOX17 was stained to visualize endoderm cells [2].
5.2.1. Figure 2B.
5.2.2. Figure 2B. Video Editor: Emphasize the first row of the figure.
5.3. In order to investigate the effect of DMSO on differentiation to central nervous system progenitor cell types, human induced pluripotent stem cells can be differentiated to either neural progenitor cells or oligodendrocyte progenitor cells [1]. 
5.3.1. Figure 3 B and D. 
5.4. Compared to control cells, 2% DMSO pretreatment increases the expression of neural progenitor cell marker PAX6 (pronounce ‘paks-6’) [1]. Similarly, the pretreatment increases the proportion of cells expressing oligodendrocyte progenitor cell marker OLIG2 (pronounce ‘awlig-2’) [2]. 
5.4.1. Figure 3 B and D. Video Editor: Emphasize B
5.4.2. Figure 3 B and D. Video Editor: Emphasize D
5.5. Furthermore, initial DMSO treatment improves human embryonic stem cell-derived cell function following in vivo transplantation. When differentiated pancreatic progenitor cells are transplanted into immunodeficient mice, their functionality can be tested in response to a glucose challenge or KCL stimulation [1]. 
5.5.1. Figure 5
5.6. Improvements in cell functionality are evident from 2 weeks to 16 weeks post-transplantation [1].
5.6.1. Figure 5. Video Editor: Emphasize C and D

Section - Conclusion
6. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
Note: The conclusion section was edited for length and clarity. Generally, each individual statement has to be less than 30 words.

6.1. Jingling Li: The most important consideration to take into account is the cycling or doubling time of your stem cells [1]. The length of DMSO treatment should be the same as the cycling time of the cells [2]. 
6.1.1. Use 2.3 or 3.3.
6.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.2. Sundari Chetty: Following the initial DMSO treatment, one can understand how cell proliferation and the cell cycle are regulated in stem cells as the treatment helps promote growth arrest in the G1 phase of the cell cycle. 
6.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
6.3. Sundari Chetty: The differentiated cells can be used to understand disease related mechanisms, for co-culturing with other cell types, in tumorigenecity assays, and in functional assays or transplantation studies to determine if the differentiated cells can rescue a diseased phenotype. 
6.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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