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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __No___ If yes, please list make and model of your microscope: 
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____yes___ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps:     1. culture of iPS, 2. differentiation of RPE from iPS, 3. extraction of RNA, 4. pathway and network analysis
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? Identification of the correct pigmented colonies in the cell culture during the differentiation process. To ensure the correct colonies are selected, the culture must be allowed to grow long enough until the colonies are obviously comprised of pigmented hexagonal cells. These colonies can then be cut out, expanded and analyzed for expression of RPE genes. 
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to compare microRNA expression in induced pluripotent stem cells (iPS), retinal pigmented epithelial cells (RPE) derived from induced pluripotent stem cells (iPS) and fetal RPE. (Intro)
This is accomplished by first culturing and expanding iPS cells and fetal RPE. (P1: Show a shot 2.1.1.)
The second step is to differentiate the iPS cells into RPE. (P2: Show the image of iPS cells from figure 1 and then have an arrow appear to the right of the image with the word “differentiate” above it and then have the image of the iPS-RPE cells from Figure 1 appear to the right of the arrow.)
Next, the RNA is extracted from the iPS cells, the iPS-RPE cells, and the fetal RPE cells. (P3: Display the cells portion of the schematic overview and have the top cells labeled with “iPS Cells”, the middle group of cells labeled with “Fetal RPE Cells” and the in the bottom have the light colored cells labeled “iPS Cells” and the dark cells to the right of the arrow labeled “iPS-RPE Cells”. Then have the three arrows to the right of the cell images appear with the label “collect RNA” above it and then have the pink tube appear to the right of that. Shot 5.1.1. can also be used.)
The final step is to perform microRNA microarray analysis on the RNA samples and analyze the data. (P4: Have the image from P3 slide to the left of the screen and then have the next three arrows to the right of the tubes appear with the label “microarray analysis” above them and then have the image of the microarray array analysis appear.)
Ultimately, pathway and network analysis is used to identify differentially expressed microRNAs that are involved in multiple cellular networks, including proliferation and cell cycle progression. (P5: Have the microarray analysis image from P4 on screen and then have the last set of three arrows appear to the right with the label “analyze” above and then have the pathway and network analysis image appear to the right when the words “multiple cellular networks” is read.)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Whitney Greene: This method can help answer key questions in the vision research field, such as the role of microRNA in regulating differentiation into mature RPE, `cell cycle progression, proliferation, and senescence. 

1.2. Heuy-Ching Wang: The implications of this technique extend toward therapy using stem-derived retinal pigment epithelium to replace diseased or damaged RPE because the optimal passage number of the cells used for therapy can be determined.
1.3. Ramesh Kaini : Though this method can provide insight into the factors that regulate differentiation of RPE from iPS, it can also be applied to other organ systems, such as differentiation of other tissue-specific cell types from iPS. 

Protocol (read by voice talent at JoVE):
2. Differentiation of iPS Cells to iPS-Retinal Pigmented Epithelium 
2.1. To begin this procedure, plate the induced pluripotent stem cells at about 350 cell colonies per well onto a newly coated plate in mTESR1 media and allow the iPS cell colonies to expand for 4 to 5 days in culture.

2.1.1. MED: Talent plates iPS cells onto newly coated plates in mTESR1 media.

2.1.2. WIDE: Talent places plate into cell culture incubator.

2.2. Then, every three days replace the mTeSR1 media with 4 mL of differentiation media and change one half of the media with fresh differentiation media. (TEXT: See text protocol for media components.)
2.2.1. WIDE: Talent removes plate from incubator.

2.2.2. MED: Talent replaces the mTeSR1 media with 4 mL of differentiation media and changes one half of the media with fresh differentiation media.

2.3. Allow the pigmented foci to grow large enough to be manually dissected out of the culture, which takes about 40 to 50 days. 
2.3.1. MED/CU: Talent checks plate to see if colonies are large enough to be dissected.

2.3.2. ECU: View of plate with large pigmented colonies.

2.4. Then, use a 200 μL pipette tip to cut around and lift the pigmented colonies. Collect and pool the dissected colonies in a 15 mL conical tube. 

2.4.1. CU/ECU: Talent uses a 200 μL pipette tip to cut around and lift the pigmented colonies.

2.4.2. MED: Talent collects the dissected colonies in a 15 mL conical tube.

2.5. Add 5 mL of DMEM/F12 media to the pooled RPE cells and centrifuge at 300 x g for 5 minutes. Next, remove the media, resuspend the cell pellet in 5 mL of media and repeat centrifugation. 
2.5.1. MED: Talent adds 5 mL of DMEM/F12 media to the pooled RPE cells.

2.5.2. WIDE: Talent places tube in centrifuge and presses start. 

2.5.3. MED: Talent removes the media and resuspends the cell pellet in 5 mL of media.
2.5.4. MED over the shoulder: Talent places tube in centrifuge and presses start.

2.6. Remove the media from the cell pellet. Then, prepare a single cell solution by incubating the pooled iPS-RPE with 0.25% trypsin EDTA for 5 to 10 minutes at 37°C, until cell clumps are dissociated into single cells. 

2.6.1. MED: Talent removes media from cell pellet and adds 0.25% trypsin EDTA to the pellet.
2.6.2. MED: Talent places tube at 37°C and presses start on a timer set for 5 minutes. 

2.6.3. CU: Tube after incubation when cell clumps have dissociated into single cells.

2.7. Rinse the iPS-RPE cells with iPS-RPE media and then plate the collected cells on a fresh matrigel-coated plate in 4 mL of iPS-RPE media.
2.7.1. MED: Talent adds iPS-RPE media rinses to the iPS-RPE cells with iPS-RPE media.

2.7.2. Talent places tube in centrifuge and presses start. 

2.7.3.  Talent aspirates supernatant, resuspends cells in 4 mL iPS-RPE media and plates seeds the collected cells on a fresh matrigel-coated plate in 4 mL of iPS-RPE media.

2.8. Culture the cells for 3 weeks prior to passage and change the media with fresh iPS-RPE media every three days. For the experiment, seed the iPS-RPE cells at 100,000 cells/cm2 and then collect the cells 17 days after seeding.
2.8.1. WIDE: Talent places plate in incubator.

2.8.2. MED: Talent changes the media with fresh iPS-RPE media.

2.8.3. MED: Talent seeds cells for experiment.
3. Collection of Cell Samples
3.1. For collection of undifferentiated iPS cells, culture the cells until undifferentiated colonies are observed to be dense at the center. When this is observed, rinse the colonies in DMEM/F12 media. (TEXT: Undifferentiated iPS Cells)
3.1.1. MED/CU: Talent checks cells to see if they are dense at the center. 

3.1.2. MED: Talent rinses the colonies in DMEM/F12 media.
3.2. Then, dissociate the iPS cells into single cells using accutase. Collect the cells in a 15 mL conical tube and centrifuge at 300 x g for 5 minutes. Aspirate the supernatant and resuspend the cell pellet in 2 mL of DMEM/F12 media. (TEXT: Undifferentiated iPS Cells)
3.2.1. MED: Talent adds accutase to the cells to dissociate them.

            3.2.1.2 [split shot] Talent and then collects the cells in a 15 mL conical tube.

3.2.2. WIDE: Talent places tube in centrifuge and presses start.

3.2.3. CU: Talent aspirates the supernatant and resuspends the cell pellet in 2 mL of DMEM/F12 media.
3.3. To collect fetal RPE, first rinse fetal RPE cell cultures with DMEM/F12. Then, dissociate the cell cultures into single cells using 0.25% trypsin EDTA for 5 to 10 minutes at 37°C. (TEXT: Fetal RPE)
3.3.1. MED: Talent rinses fetal RPE cell cultures with DMEM/F12 and then adds 0.25% trypsin EDTA.
3.3.2. WIDE: Talent places plate at 37°C and presses start on a timer set for 5 minutes. 
3.4. Collect the fetal RPE cells in a 15 mL conical tube and centrifuge at 300 x g for 5 minutes. Then, aspirate the supernatant and resuspend the cell pellet in 2 mL of DMEM/F12 media. (TEXT: Fetal RPE Cells)
3.4.1. MED: Talent collects RPE cells in a 15 mL conical tube.
3.4.2. WIDE: Talent places tube in centrifuge and presses start.

3.4.3. MED: Talent aspirates the supernatant and resuspends the cell pellet in 2 mL of DMEM/F12 media.

3.5. Collect the iPS-RPE cells on Day 17 after passage 3 and passage 5. Rinse the iPS-RPE cells twice in PBS and prepare a single cell suspension by incubation with 1.0 mL of 0.25% trypsin for 5 to 10 minutes at 37°C. (TEXT: iPS-RPE Cells)
3.5.1. MED: Talent rinses the iPS-RPE cells twice in PBS and adds 1.0 mL of 0.25% trypsin to the plate.

3.5.2. WIDE: Talent places plate at 37°C and presses start on a timer set for 5 minutes.
3.6. Then, neutralize the trypsin with 2 mL of ice cold iPS-RPE media and collect the cells in a 15 mL conical tube. (TEXT: iPS-RPE Cells)
3.6.1. MED: Talent adds 2 mL of ice cold iPS-RPE media to the plate and collects the cells in a 15 mL conical tube.
3.7. Centrifuge the tube for 5 minutes at 300 x g and then aspirate the supernatant. Resuspend the cell pellet in 3 mL of staining buffer from the microbead kit. (TEXT: iPS-RPE Cells)
3.7.1. WIDE: Talent places tube in centrifuge and presses start.
3.7.2. MED: Talent aspirates the supernatant and resuspends the pellet in 3 mL of staining buffer from the microbead kit.
4. Removal of Undifferentiated Cells from iPS-RPE Cells by Negative Selection
4.1. Centrifuge the iPS-RPE cell suspension in the staining buffer at 300 x g for 5 minutes. (TEXT: Keep all reagents at 4°C until use. Do not work on ice.)

4.1.1. WIDE: Talent places tube from 3.7.2. in centrifuge and presses start.

4.2. Then, aspirate the supernatant and resuspend the cell pellet to a concentration of 2 x 106 cells per 100 μL of the staining buffer from the microbead kit. 

4.2.1. MED: Talent aspirates the supernatant and resuspends the cell pellet in 100 μL of staining buffer from the microbead kit. Talents transfers cells and buffer to 1.5 ml centrifuge tube.
4.3. Add 10 μL of Anti-TRA-1-60-PE antibody per 2 x 106 cells. Mix well and then incubate at 4°C for 10 minutes. 

4.3.1. CU: Talent adds 10 μL of Anti-TRA-1-60-PE antibody per 2 x 106 cells to the tube.

4.3.2. MED: Talent mixes the tube well and places the tube at 4°C and presses start on a timer set for 10 minutes.

4.4. Wash the cells in 1 mL of staining buffer per 2 x 106 cells. Then, centrifuge the cell suspension for 10 minutes at 300 x g. 
4.4.1. MED: Talent washes the cells in 1 to 2 mL of staining buffer per 2 x 106 cells.
4.4.2. WIDE: Talent places tube in centrifuge.
4.5. Next, aspirate the supernatant and resuspend the cell pellet in 80 μL of staining buffer per 2 x 106 cells.  Then, add 20 μL of anti-PE labeled microbeads per 2 x 106 cells. Mix well and incubate for 15 minutes at 4°C.
4.5.1. MED: Talent aspirates the supernatant, resuspends the cell pellet in 80 μL of staining buffer per 2 x 106 cells, and adds 20 μL of anti-PE labeled microbeads per 2 x 106 cells.
4.5.2. MED over the shoulder: Talent mixes the tube well and place the tube at 4°C and presses start on a timer set for 15 minutes. 

4.6. Add 1  mL of staining buffer per 2 x 106 cells. Centrifuge for 10 minutes at 300 x g and aspirate the supernatant. Then, resuspend the cell pellet in 500 μL of staining buffer and sort for TRA-1-60 negative cells in a magnetic cell sorter as described in the accompanying text protocol.
4.6.1. MED: Talents adds 1 to 2 mL of staining buffer per 2 x 106 cells.
4.6.2. WIDE: Talent places tube in centrifuge and presses start.

4.6.3. CU: Talent aspirates the supernatant and resuspends the cell pellet in 500 μL of staining buffer.

4.6.4. MED: Talent places the tube of stained cells into a tube holder and walks off screen with it.

5. Total RNA Extraction
5.1. Lyse the cells by running each sample through a commercially available microcentrifuge homogenizer mini spin column designed for nucleic acid minipreps.

5.1.1. MED: Talent transfers cell suspensions onto microcentrifuge homogenizer mini spin columns.

5.2. Then, extract the total RNA from the iPS cells, iPS-RPE, and fetal RPE with the commercially available RNA extraction kit designed to preserve small RNA molecules.

5.2.1. MED: Talent extracts the RNA using a commercially available RNA extraction kit. 

5.2.2  [added shot] Talent transfers RNA to 1.5 ml centrifuge tube.
5.3. Use a Nanodrop spectrophotometer to determine the total RNA concentrations.
5.3.1. WIDE: Talent uses a Nanodrop spectrophotometer to determine the total RNA concentrations.
6. Pathway Analysis
6.1. Make an Excel file with a list of the miRNAs that were identified to have at least two-fold different expression levels between the sample groups. 
6.1.1. MED over the shoulder: Talent analyzing data on computer in excel.

6.2. Then, log into the online RNA pathways analysis program and upload the Excel file. Select “Flexible Format” for file format and select “Agilent” from the drop down list for identifier type.
6.2.1. SCREEN: Screen capture footage as talent logs into the online RNA pathways analysis program and uploads the excel file. Talent then clicks on “Flexible Format” and then selects “Agilent” from the drop down list. 
6.3. Under the raw data heading, assign “ID” to probe ID column and assign “Observation 1” and “log ratio” to the log ratio column. Select “ignore” for all other columns.

6.3.1. SCREEN: Screen capture footage as talent clicks on the raw data heading and then selects “ID” in the probe ID column and selects “Observation 1” and “Log ratio” in the log ratio column. The talent then selects “ignore” in all the other columns and clicks on “save and create analysis”.
6.4. Select the parameters for analysis as follows: Confidence: experimentally observed only; include direct and indirect relationships; and include endogenous chemicals.
6.4.1. SCREEN: Screen capture footage as talent selects “experimentally observed only” for the confidence parameter and then selects “direct and indirect relationships” and clicks on “include endogenous chemicals.”
6.5. Select the Ingenuity Knowledge base as the reference set. Then, choose the database of reference molecules that includes data from all species, all cell lines and tissues, and all mutations.
6.5.1. SCREEN: Screen capture footage as talent selects “Ingenuity Knowledge base” for the reference set and then selects the database of reference molecules that includes all species, all cell lines and tissues, and all mutations.
6.6. After selecting all the parameters, run the network analyses by selecting “networks”, then  select “overlapping networks” and then click on a network of interest to see the results.
6.6.1. SCREEN: Screen capture footage as talent clicks on “run analysis.” The talent then clicks on “networks”, selects “overlapping networks,” and finally clicks on a network of interest to show the results.
7. Results: Differences in miRNA Expression Profiles of iPS-RPE as Compared to iPS and Fetal RPE
7.1. iPS cells that were differentiated into iPS-RPE cells exhibited the classic RPE phenotype of hexagonal pigmented cell morphology, which is similar to the fetal RPE cells.
7.1.1. LABMEDIA: 51589_Wang_Figure 1.tif in file ‘Figures 12 20 12.docx’ (Video editors: Highlight the image below iPS-RPE with the word “differentiated into iPS-RPE” and then highlight the image below fRPE with the words “ similar to the fetal RPE cells”.)
7.2. Comparison of the miRNA expression profile of undifferentiated iPS cells to iPS-RPE cells revealed an upregulation in 47 miRNAs and 36 were downregulated. Whereas the fetal RPE cells showed 61 miRNAs to be upregulated as compared to the iPS-RPE cells, and 49 downregulated. 
7.2.1. LABMEDIA: 51589_Wang_Figure 2.tif in file ‘Figures 12 20 12.docx’ (Video editors: Have the words “47 miRNAs upregulated” appear next to figure 2A.B. in red when these words are read and have the words “ 36 miRNAs downregulated” appear in green below that when these words are read. Have the words “61 miRNAs upregulated” appear next to figure 2A.A. in red when these words are read and have the words “ 49 miRNAs downregulated” appear in green below that when these words are read.)
7.3. Pathway analysis with Ingenuity IPA software indicated the target genes of the differentially expressed miRNAs were involved in cellular processes, including cellular development, growth, and cell cycle. This analysis also indicated miRNAs expressed in ocular tissues in vivo were enriched in iPS-RPE and fetal RPE as compared to iPS cells. 
7.3.1. LABMEDIA: 51589_Wang_Figure 3A.tif and 51589_Wang_Figure 3B.tif in file ‘Figures 12 20 12.docx’ (Have figure 3A shown on the left half of the screen and figure 3B shown on the right half of the screen. Highlight the words “cellular development”, “cellular growth and proliferation” and “cell cycle” on the bar graph when they are read.)
8. Conclusion (said by authors on camera)
8.1. Whitney Greene: While attempting this procedure, it’s important to remember to prevent contamination and degradation of the RNA samples.
8.2. Whitney Greene: Following this procedure, other methods like RT-PCR can be performed in order to confirm the level of microRNA expression in each cell type.
8.3. Ramesh Kaini: After its development, this technique paved the way for researchers in the field of vision research to explore the role of microRNA in differentiation and cell cycle progression in RPE.

8.4. Heuy-Ching Wang: After watching this video, you should have a good understanding of how to derive RPE from iPS and compare the microRNA expression profile of iPS-RPE to iPS cells and fetal RPE.
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, .eps, 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.  

Insert your media filenames here.
7.1-51589_Wang_Figure 1.tif- Brightfield images of iPS, fetal RPE, and iPS-RPE cells.

7.2.1-51589_Wang_Figure 2.tif- heatmaps of differentially expressed microRNAs from iPS-RPE vs. iPS (left) and iPS-RPE vs. fetal RPE (right) comparisons.

7.2.2-51589_Wang_Figure 2B.tif- Venn diagram indicating the number of differentially expressed microRNAs in the iPS-RPE vs. iPS comparison.
7.2.3-51589_Wang_Figure 2C.tif- Venn diagram indicating the number of differentially expressed microRNAs in the iPS-RPE vs. fetal RPE comparison.

7.3.1-51589_Wang_Figure 3A.tif-network analysis of the differentially expressed microRNAs from the iPS-RPE vs. iPS comparison.
7.3.2-51589_Wang_Figure 3B.tif-cellular pathway analysis of the differentially expressed microRNAs from the iPS-RPE vs. iPS comparison.

7.4.1-51589_Wang_Figure 4A.tif-network analysis of the differentially expressed microRNAs from the iPS-RPE vs. fetal RPE comparison.
7.4.2-51589_Wang_Figure 4B.tif-cellular pathway analysis of the differentially expressed   microRNAs from the iPS-RPE vs. fetal RPE comparison
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.
( 2013, Journal of Visualized Experiments


