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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  (If you can record images/videos using your own camera/software, then mark 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)___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.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. Step 2.2.4 – Step 2.2.7, Step 4.2- Step 4.5, Step 5.1- Step 5.9
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document. Most difficult aspect of the procedure is the implementation of the imaging software. See Steps 4.4 through 4.7 where this is described.
E.  Will the filming need to take place in multiple locations? (Y/N) ___Y____ If yes, how far apart are the locations? _Same lab, different rooms, ~50 feet distance from room to room___________________
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 rapidly characterize genetically engineered stem cells using a high content screening (HCS) system. (Intro)
This is accomplished by first designing and preparing experiments for a 96-well plate, and then plating the different populations of engineered stem cells. (P1, Editor, begin with the rectangle with the red rectangle in the middle.  Then add in the turquoise blue arrow and text and then bring in the rectangular plate with the rows of different colored circles along with the test on the bottom and the right side.)
Next, the high content screening system is prepared for live-cell imaging and then the time-lapse imaging is initiated for the desired time period. (P2, Editor, bring in the HCS system in P2, zoom out on the plate with the colored rows and place it on the HCS screen as shown by the blue arrow.  Then for ‘live cell imaging…; bring in the gray panel labeled Live cell imaging.)
Then, after completing the time-lapse imaging, the culture plate is prepared for cell staining procedures such as propidium iodide staining for cell death or Ki67 immunolabeling to characterize cell proliferation. (P3, Editor, transition from the live cell imaging panel to the three panels marked Immunolabeling/staining and fluorescence imaging, bringing them in one at a time and stagger them as shown.)
Finally, the 96-well plate is reloaded into the high content screening system for fluorescence imaging and image acquisition. (P4, Editor, slowly bring the green, red, and blue panels together to merge them and transition to the image acquisition panel in P4.)
Ultimately, the image analysis software is used to conduct data analysis for determination of different cell growth parameters. (P5, Editor, transition to the graph in P5.)
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
52242_Sharma_Schematic Overview-A-closed.jpg
Schematic overview with HCS system door open.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Don Sakaguchi: This method can help address key issues in the stem cell biology field, such as characterizing different factors that influence stem cell differentiation.  

1.2. Author name Pavel Brodskiy: The implications of this technique extend toward cell-based therapeutic strategies, because of the importance of characterizing the cell types before they are used in vivo.  

1.3. Author name Anup Sharma: This method can provide insight into cell behaviors, and can be applied to virtually any adherent cell type that grows well in culture. Additionally, these approaches can potentially be used on whole organisms such as zebrafish larvae.
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. Substrate Preparation and Cell Plating

2.1. To begin, create a map, as shown here, of the 96-well plate outlining the different substrates and cell types to be examined.

2.1.1. LAB MEDIA Figure 1

2.2. Under a sterile culture hood, prepare a work station with different substrates and a 96-well plate.  Add 100 microliters of substrate solution to each well according to the map.  Then use a strip of Parafilm to seal the lid and store at 4(C overnight.

2.2.1. WIDE Talent at culture hood begins to prepare work station

2.2.2. MED/CU Talent sets up substrates and a 96 well plate

2.2.3. CU Talent adds substrate solution to wells of plate

2.2.4. MED/CU Talent uses Parafilm to seal lid of plate

2.2.5. WIDE Talent places plate in fridge; B need another version of talent placing covered plate in fridge for 4.2.3 below; C need another version of talent placing plate in dark in fridge for 4.3.4 below
2.3. After isolating mouse mesenchymal stem cells and infecting them with lentiviral vectors according to the text protocol, remove the substrate solutions from the 96-well plate and use ~200 microliters of sterile PBS to wash the wells two times.  

2.3.1. MED WIDE Talent under hood places infected stem cells down on bench removes 96 well plate from refrigerator and places into cell culture hood 
2.3.2. MED/CU Talent removes substrate from plate

2.3.3. CU Talent adds PBS to wash wells

2.4. Once the final rinse has been removed, add 200 microliters of cell culture medium and equilibrate the plate in a cell culture incubator at 37(C and 5% CO2.  

2.4.1. CU Talent adds cell culture medium

2.4.2. WIDE Talent places plates into incubator; B need another version for 2.7.1 below; C need another version of talent removing 96 well plate from incubator for step 3.2.1 below
2.5. In the meantime, under sterile conditions, harvest the MSCs by first collecting the growth medium, now referred to as the conditioned medium, from the flask into a 15 ml conical tube.  Then, add 8 milliliters of sterile PBS to the flask and gently swirl before aspirating the buffer.

2.5.1. MED/CU Talent collects growth medium from cells and transfers to 15 ml tube

2.5.2. CU Talent adds 8 ml of PBS to flask, swirls, and aspirates buffer

2.5.0. [Added] WIDE Talent takes cell culture flask from incubator to cell culture hood.
2.6. To detach the cells from the flask, add one milliliter of 0.05% trypsin and 0.01% EDTA solution.  When the cells have detached, add 8 milliliters of the conditioned medium before collecting the cell suspension and replating the cells at ~300 cells per well according to the text protocol.

2.6.1. CU Talent adds trypsin and then EDTA to cells

2.6.2. CU Talent adds 8 ml of the conditioned medium to cells and then collects the cell suspension and transfers to a 15 ml centrifuge tube.
2.6.3. MED/CU Talent collects cell suspension and replates into plates cell suspension into wells of a 96 well plate
2.7. Incubate the plate for 2 hours to allow the MSCs to attach to the substrate.

2.7.1. Use 2.4.2B here

3. Time Lapse Imaging
3.1. While the cells are incubating, start the HCS system and wait 2 hours for it to equilibrate.  Set the environmental controller to 37(C and carefully turn on the mixed gas cylinder containing 5% CO2 in air to the HCS system environmental chamber that supplies a constant air source.

3.1.1. WIDE/MED Talent starts HCS system

3.1.2. MED/CU Talent sets environmental controller to 37(C  
3.1.3. MED Talent connects a mixed gas cylinder to the HCS system 

3.2. Next, after the 2-hour incubation period, remove the 96-well plate from the incubator and place it directly into the environmental chamber of the HCS system.  After allowing the plate to equilibrate for 30 minutes, start the software to configure the plate settings.

3.2.1. Use 2.4.2C here

3.2.2. MED/CU Talent places plate in environmental chamber of HCS system (Use take 4); B need another version for 4.4.1 below
3.2.3. MED OVER SHOULDER Talent starts software to configure plate settings (Move shot  3.2.3 above to shot 3.2.2.); B need another version of talent opening software for 4.4.2 below (reuse 3.2.2 shot here)
3.3. Once the imaging parameters have been set up according to the text protocol, use laser autofocus to focus on the well bottom and take test images for multiple sites and multiple wells to find an optimized focal plane.
3.3.1. SCREEN/LAB MEDIA (3-3-1_Autofocus well bottom.mp4) Talent uses autofocus to focus on well bottom

3.3.2. SCREEN/LAB MEDIA (3-3-2_Test image new site.mp4) Talent take a test image then moves to a new site to take another image

3.4. Once the focus has been established, begin capturing images every 5 minutes for 48 hours for all 60 wells.

3.4.1. SCREEN/LAB MEDIA (3-4-1_Time lapse capture.mp4) Talent begins time lapse image capture

3.5. To feed the cells every 24 hours, remove the plate from the HCS system, aspirate 75 microliters of medium from each well and replace with 100 microliters of fresh, equilibrated medium (TEXT:  37 oC and 5% CO2).
3.5.1. MED/CU Talent removes plate; B need another version for 3.6.1 below 
3.5.2. CU Talent finishes removing medium from wells
3.5.3. CU Talent adds fresh equilibrated medium to wells 
3.6. At the end of the experiment, remove the 96-well plate from the HCS system.  Under sterile conditions, collect conditioned medium samples from each well and transfer them to a fresh 96-well plate. These samples can later be used for an ELISA (TEXT: samples can be used for ELISA).  

3.6.1. Use 3.5.1B here

3.6.2. MED/CU Talent collects conditioned medium samples and transfers to a fresh 96-well plate
4. Ki67 Cell Proliferation, Automated Imaging and Multi-wavelength Scoring Analysis

4.1. To carry out a Ki67 cell proliferation assay, use 0.1M phosphate buffer to rinse the cell cultures for 1 minute.  After repeating the wash, use 4% paraformaldehyde, or PFA at room temperature for 20 minutes to fix the cultures. 
4.1.1. MED/CU Talent adds phosphate buffer to cultures 

4.1.2. CU MED/CU Talent finishes removing second wash and adds PFA

4.1.3. [combined with 4.1.2] MED/CU Cultures sitting on bench incubating
4.2. Following fixation, remove the PFA and use PBS to rinse the wells three times for 7 minutes each.  After blocking the cells according to the text protocol, apply 100 microliters of primary antibody solution to each well.  Cover the plate and incubate at 4(C overnight.

4.2.1. CU Talent adds PBS to fixed cultures

[Added] CU: Talent adds blocker solution
4.2.2. CU Talent adds primary antibody solution to each well

4.2.3. WIDE Use 2.2.5B here
4.3. After washing the cells 3 times for 7 minutes for each wash, apply secondary antibody, place the cells in the dark and incubate at room temperature for 90 minutes.  Following another three washes, cover the plate and store it at 4(C until imaging. 

4.3.1. MED/CU Talent finishes removing last wash

4.3.2. [combined with 4.3.1] CU Talent finishes applying secondary antibody then covers plate and place in dark
4.3.3. MED/CU Talent finishes washing plate and covers

4.3.4. Use 2.2.5C here

4.4. To perform automated imaging, load the immunolabeled plate into the HCS system and allow the plate to equilibrate for 20 minutes.  Open the HCS system image acquisition and analysis software.
4.4.1.   Use 3.2.2B here
4.4.2. Use 3.2.3B here (use Take 2)
4.5. Choose the acquisition settings for the 10X objective using camera binning at 1 and a gain setting of 2.  Use the auto exposure function to find the Z plane in which the cells reside and calculate the offset for each wavelength of interest.

4.5.1. SCREEN/LAB MEDIA (4-5-1_10X objective and binning and gain.mp4) Talent chooses setting for 10X objective  - camera binning at 1 and gain at 2

4.5.2. SCREEN/LAB MEDIA (4-5-2_Exposure function z plane.mp4) Talent uses auto exposure function to find Z plane

4.5.3. SCREEN/LAB MEDIA (4-5-3_Offset each wavelength.mp4) Talent calculates offset for each wavelength

4.6. For the analysis demonstrated here, capture images for DAPI, GFP and Cy3.  Choose the maximum intensity level at which the negative control wells show no signal for image acquisition.  Use the same threshold settings for positive wells.
4.6.1. LAB MEDIA Example of image in three channels. Corresponding DAPI, GFP, and Cy3 images for negative controls (4-6-1_Negative control DAPI.tif, 4-6-1_Negative control GFP.tif, 4-6-1_Negative control Cy3.tif, can delete 4-6-1_Negative control FITC.tif)
4.6.2. SCREEN/LAB MEDIA Control well with maximum intensity chosen. (4-6-2_Control well thresholding.mp4) Talent configures threshold settings for the negative controls.
4.6.3. SCREEN/LAB MEDIA Corresponding DAPI, FITC GFP, and Cy3 images (4-6-3_Ki67 positive DAPI.tif, 4-6-3_Ki67 positive GFP.tif, 4-6-3_Ki67 positive Cy3.tif, can delete 4-6-3_Ki67 positive FITC.tif)
4.7. Finally, capture images and save them to a database before performing image analysis according to the text protocol.

4.7.1. MED OVER SHOULDER Talent capturing images

5. Results: Characterization of Engineered MSCs
5.1. As shown here, five different populations of MSC subtypes were plated into 96-well tissue culture plates pre-coated with different substrates.  

5.1.1. LAB MEDIA: 52242_Sharma_Figure 1.tif

5.2. In this figure, anti-Ki67, which identifies proliferating cells and DAPI, was used to evaluate whether the different substrates influenced proliferation of the different populations of engineered MSCs.  

5.2.1. LAB MEDIA: 52242_Sharma_Figure 2A.tif, Editor, for ‘Anti-Ki67, which identified proliferating cells,’ point out some of the fluorescent pink spots and for DAPI point out some of the blue spots.

5.3. As illustrated here, although there was variation in the percentages of proliferating MSCs, all substrates supported considerable cell proliferation for each MSC subtype.

5.3.1. LAB MEDIA: 52242_Sharma_Figure 2B.tif

5.4. This plot shows that the percentage of cells with propidium iodide, or PI staining, which identifies dead cells in a population, is low on all substrates examined.  Cells treated with 70% ethanol, which kills most cells, exhibited a high rate of PI labeling and serves as a positive control.

5.4.1. LAB MEDIA: 52242_Sharma_Figure 3A and B.tif

5.4.2. LAB MEDIA: 52242_Sharma_ Figure 3C.tif, Editor, place A and B above C as shown in the figure.  For ‘exhibited a high rate of PI labeling…’ point out the tall turquoise bar in the right side of the graph in C

5.5. To investigate the behavior of MSCs on different substrates, cell migration over a 29 hour period was analyzed using time-lapse digital microscopy.  The migration path for Cell 1 and Cell 2 are marked by the green and blue line, respectively.  As shown here, all subtypes of MSCs showed the fastest migration rate on the extracellular matrix-coated surfaces and the slowest on non-coated polystyrene surfaces.

5.5.1. LAB MEDIA: 52242_Sharma_Figure 4C.tif and LAB MEDIA: 52242_Sharma_Jove movie.mov, Editor, bring in the movie first for the first sentence of the VO.  Then for the third sentence, bring in 4C below the movie.  For ‘showed the fastest migration rate on the extracellular matrix-coated surfaces,’ point out the fibronectin, collagen, laminin, and ECL rows.  For ‘slowest on non-coated polystyrene surfaces,’ point out the PS and PLL rows.
6. Conclusion (said by authors on camera)
6.1. Author name Pavel Brodskiy: While attempting this procedure, it’s important to remember to carefully plan and design the experiment for a multiwell plate format, such as a 96-well plate.

6.2. Author name Anup Sharma: Following this procedure, other methods like ELISAs can be performed on conditioned media in order to answer additional questions concerning the production and secretion of therapeutic factors by the engineered stem cells.

6.3. Author name Don Sakaguchi: After its development, high content screening approaches have paved the way for researchers in the field of stem cell research and drug discovery to explore complex biological systems in a high-throughput manner.
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.
Schematic Overview – Procedural Narrative

52242_Sharma_Schematic Overview-A-closed.ai- 
52242_Sharma_Schematic Overview-B-open.ai- 

52242_Sharma_Schematic-Essence of HCS.pptx- 
2.1 – 52242_Sharma_Figure 1.tif- 96-well plate outlining the different substrates and cell types
5.1.1 – 52242_Sharma_Figure 1.tif- 96-well plate outlining the different substrates and cell types
5.2.1 – 52242_Sharma_Figure 2A.tif- dual color fluorescence image of Ki67 antibody labeling and DAPI staining.
5.3.1 – 52242_Sharma_Figure 2B.tif- Bargraph summarizing Figure 2 results.

5.4.1 – 52242_Sharma_Figure 3A and B.tif- dual color fluorescence image of propidium iodide staining  and DAPI staining.

5.4.2 – 52242_Sharma_ Figure 3C.tif- Bargraph summarizing Figure 3 results

5.5.1 – 52242_Sharma_Figure 4C.tif- Bargraph summarizing Figure 4 results-cell migration.

5.5.1 – 52242_Sharma_JoVE movie.mov- Time-lapse digital video showing GFP-expressing MSCs migrating during a 29 hr period.

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


