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Questionnaire:

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)_____N____  

Can you record movies/images using your own microscope camera? (Y/N)____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: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____Y____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________The most benefited steps may be the steps showing how to focus the images coarsely,  manual changes in “Identify cells”, record cell numbers at different time points, and manual changes in “Track cells”, as in steps 6.3, 7.2, 8.1, 9.3________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

D.  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.) _________ The most difficult steps may be the cover slip set up and the review of tracking cells as in steps 5.2, 9.3__________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.

E.  Will the filming need to take place in multiple locations? (Y/N) ____N
1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A. Experimental Goal: (read by voice talent at JoVE) 
The overall goal of this experiment is to quantitatively characterize angiogenic and non-angiogenic phenotypes of human osteosarcoma cells in a systematic manner, combining analyses of cell morphology, proliferation, and motility. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)   
1.1. Jing Huang: This method can help answer key questions with respect to human cancer establishment and progression, in particular, the escape from tumor dormancy and the angiogenic switch. 
1.2. Jing Huang: The main advantage of this technique is that multiple cellular parameters can be analyzed simultaneously by this integrated, high-throughput method.  This includes cell area, cell thickness, cell volume, proliferation rate, doubling time, motility speed, migration, and motility.
Protocol: (read by voice talent at JoVE) 
2. Cell Preparation: Thawing KHOS-A and KHOS-N Cells

2.1. To begin, pre-warm the culture medium to 37°C in a water bath. [1-MED-TXT] Then, remove cryogenic vials of angiogenic and non-angiogenic human osteosarcoma cells from the liquid nitrogen tank. [2-MED]
2.1.1. Talent places the culture media in a water bath. (TEXT: Culture Media: DMEM, 10% FBS, 1% Pen/Strep) 
2.1.2. Talent opens cryotank and removes cane with cells from the liquid nitrogen.

2.2. Immerse the bottom of the vials into a 37°C water bath, and gently shake the cryogenic vials to accelerate the thawing process. [1-CU-TXT]
2.2.1. *Film as written (TEXT: *Keep the lid of cryogenic vials from contacting water to avoid contamination.) 

2.3. As soon as cells are thawed, spray the vial with 70% ethanol and wipe the vial to sterilize it. [1-CU] Then, immediately aspirate the cell suspension from the vial and gently suspend them in 10 mL of warmed culture medium. [2-MED]
2.3.1. *Film as written

2.3.2. Talent draws up cell suspension and adds it to a tube containing media.
2.4. Next, centrifuge the cell suspensions for 5 minutes to pellet the cells. [1-MED-TXT]
2.4.1. Talent places tube in centrifuge, closes the lid, and begins spin. (TEXT: Centrifuge: 200 x g, 5-7 min) 

2.5. Back in the hood, remove the supernatant and resuspend the cell pellet with 10 mL of warmed culture medium. [1-CU]   Then, transfer the cell suspension into a T-75 flask. Gently pipette the cell suspension several times to evenly disperse the cells. [2-CU]
2.5.1. Talent adds media to cell pellet and pipettes up and down to resuspend the cells.

2.5.2. Talent adds cell suspension to a flask and gently disperses the cells.
2.6. Place the flask into an incubator and allow the cells to attach for at least 12 hours. Change the culture medium every 2 to 3 days.  [1-MED-TXT]
2.6.1. Talent places flask in the incubator and latches the door. (TEXT: Incubator Conditions: 37°C, 5% CO2, humidified atmosphere)

3. Cell Preparation: Splitting KHOS-A and KHOS-N Cells

3.1. When the cells reach 80 to 100% confluence, remove the culture media from the flask and wash the cells with 5 mL of sterile PBS without calcium and magnesium. [1-CU] Then, add 1 mL or a 0.25% Trypsin-EDTA solution into the flask and briefly swirl the flask.[2-CU]
3.1.1. Talent rinses with PBS.

3.1.2. Talent adds Trypsin-EDTA and swirls the flask
3.2. Incubate the flask for 2 to 3 minutes and then check the cells under a microscope to make sure the cells are rounded up and detached. [1-MED Over the Shoulder]
3.2.1. Talent places flask onto microscope stage and looks at cells through the optics.
3.3. Once the cells are detached, use a pipette to add 10 mL culture medium and gently pipette the medium up and down several times to break up any remaining cell aggregates.  [1-CU]
3.3.1. *Film as written
3.4. After counting the cells, seed 2 million of them into a new T-75 flask. [1-CU] Place the flask in an incubator and grow the cells to between 80 and 100% confluence before seeding the cells for the Quantitative Phase Imaging experiment.[2-MED]
3.4.1. Talent adds cells to new flask

3.4.2. Talent places flask in the incubator.
4. Cell Preparation: Seeding KHOS-A and KHOS-N Cells for QPI

4.1. Harvest cells by trypsin digestion and seed angiogenic and non-angiogenic human osteosarcoma cells in 6-well plates at the density of 50,000-300,000 cells/well.   [1-MED] 
4.1.1. Talent adds cells to the wells of a 6-well plate.

4.2. Cover the cells with a total of 5 mL of culture medium… [1-CU] Then, incubate the plates for at least 12 hours to allow time for the cells to attach. [2-MED]
4.2.1. *Film as written (Author comment: Filmed 4.1.1 and 4.2.1 together)
4.2.2. Talent places the plates in an incubator.
4.3. Replace the medium with fresh media before imaging.[1-MED Over the Shoulder]

4.3.1. Talent replaces media in the 6-well plates.
5. Quantitative Phase Image Acquisition: Cover Slip Set-up

5.1. Clean a cover slip by rinsing it several times with running deionized water. Then, immerse it in a 75% ethanol solution for 15 minutes.[1-CU] Place the sterilized cover slip into a laminar flow hood to dry. [2-MED]
5.1.1. Talent removes coverslip from running water and immerses it in ethanol.
5.1.2. Talent places coverslip into hood to dry.
5.2. Next, carefully place the cover slip into a 6-well plate, avoiding obvious bubbles.  [1-CU]Place the plate into the incubator to equilibrate for at least 15 minutes. [2-MED]
5.2.1. *Film as written

5.2.2. *Film as written

5.3. If fog forms on the lid of the plate, use a sterile cotton swab to wipe it clean prior to imaging. [1-CU]
5.3.1. Talent wipes the lid of a plate with a cotton swab.

6. Quantitative Phase Imaging 

6.1. Open the quantitative phase imaging software…[1-MED Over the Shoulder] and initialize the system.  Make sure that the values are acceptable in the self-calibration of exposure time, pattern contrast, and hologram noise. [2-SCREEN-TXT]
6.1.1. Talent sitting at computer, opens software.

6.1.2. Screen capture video showing the software opening and the system initializing. Authors: Please submit this screen capture video as 57035-Moses-6_1_2.mov/mp4 to your upload page.)  (TEXT: Acceptable: Green/Yellow)

6.2. Next, place the 6-well plate onto the stage of the quantitative phase image microscope.[1-MED]
6.2.1. Talent places the 6-well plate onto the microscope’s stage.

6.3. Back in the software, click on “Live Capture”.  Then, go to the “Software focus” menu and select “Manual”.  Next, go to the “Microscope setting” menu and coarsely focus the phase images of the cells by adjusting the work distance to obtain outlines for cells in phase images. [1-SCREEN]
6.3.1. Screen capture video showing the above step in the order listed. Authors: Please submit this screen capture video as 57035-Moses-6_3_1.mov/mp4 to your upload page.)  

6.4. When finished, go back to the “Software focus” menu and change the focus setting to “Automatic”. [1-SCREEN]
6.4.1. Screen capture video showing the above step in the order listed. Authors: Please submit this screen capture video as 57035-Moses-6_4_1.mov/mp4 to your upload page.)  

6.5. Now, click on “New experiment”.  Begin selecting image acquisition positions using the mouse or the arrow keys on the number pad. Click “Remember” after each selection.   [1-SCREEN]
6.5.1. Screen capture video showing the above step in the order listed. Select 3-4 image positions before moving on. Authors: Please submit this screen capture video as 57035-Moses-6_5_1.mov/mp4 to your upload page.)  

6.6. Once the positions have all been selected, go to the “Timelapse” section and set up the imaging intervals so that they are shorter than 5 minutes and the total time period is 48 hours.  [1-SCREEN]
6.6.1. Screen capture video showing the above step in the order listed. Authors: Please submit this screen capture video as 57035-Moses-6_6_1.mov/mp4 to your upload page.)  

6.7. Start the experiment by clicking “Capture”…  This will automatically focus and acquire images at the selected positions at each interval time points. [1-SCREEN]
6.7.1. Screen capture video showing the above step in the order listed.  Show a few images being taken by the system. Authors: Please submit this screen capture video as 57035-Moses-6_7_1.mov/mp4 to your upload page.)  

7. Analyzing Cell Morphology 

7.1. Following image acquisition, analyze the morphology of the cells by first clicking on “Identify cells”. Adjust the numeric setting for the “Background threshold” so that cell areas are well separated from the background noise. [1-SCREEN]
7.1.1. Screen capture video showing the above step in the order listed. Authors: Please submit this screen capture video as 57035-Moses-7_1_1.mov/mp4 to your upload page.)  

7.2. Next, adjust the setting number for “Object size” to make sure that each cell has only one nucleus. Manually modify any cell segments not matching this requirement by using “Manual changes”. [1-SCREEN]
7.2.1. Screen capture video showing the above step in the order listed. Authors: Please submit this screen capture video as 57035-Moses-7_2_1.mov/mp4 to your upload page.)  

7.3. Then, use the “Analyze data” function in the software to analyze cells. Start a new data analysis by clicking “New analysis”. Drag selected images into the “Source frames” tab and record cell morphology parameters including cell area, optical thickness, and volume for each individual cell. [1-SCREEN]
7.3.1. Screen capture video showing the above step in the order listed. Authors: Please submit this screen capture video as 57035-Moses-7_3_1.mov/mp4 to your upload page.)   
7.4. When finished, choose the scatter plot or histogram mode and export the data as tables or figures. [1-SCREEN]
7.4.1. Screen capture video showing the talent export the data and open it in excel or other graphing/plotting program. Authors: Please submit this screen capture video as 57035-Moses-7_4_1.mov/mp4 to your upload page.)  

8. Analyzing Cell Proliferation

8.1. Select at least 5 images spaced 12 hours apart and record cell numbers that are provided by the software. [1-SCREEN-TXT] 
8.1.1. Screen capture video showing the select and open 5 images as described. Authors: Please submit this screen capture video as 57035-Moses-8_1_1.mov/mp4 to your upload page.)  (TEXT: Times: 0, 12, 24, 36, and 48 hours)

8.2. Estimate the proliferation rate of the cells by normalizing with the initial cell numbers and then plotting the cell numbers. [1-SCREEN]
8.2.1. Screen capture video as the values are plotted. Authors: Please submit this screen capture video as 57035-Moses-8_2_1.mov/mp4 to your upload page.)  

8.3. Finally, estimate the doubling time by fitting the data points using an exponential growth curve. [1-SCREEN]
8.3.1. Screen capture video showing the talent add a fit line to the data and highlighting the doubling time. Authors: Please submit this screen capture video as 57035-Moses-8_3_1.mov/mp4 to your upload page.)  

9. Analyzing Cell Motion

9.1. To analyze cell motion, use the “Track cells” function in the software.[1-MED Over the Shoulder] Start by clicking on “New analysis” to start a new data analysis. Then, drag a series of images, from the time period of interest, into the “Source frames” tab. [2-SCREEN]
9.1.1. Talent works at the computer and goes to the track cells function.

9.1.2. Screen capture video showing the above step in the order listed. Authors: Please submit this screen capture video as 57035-Moses-9_1_2.mov/mp4 to your upload page.)  

9.2. Next, under the “Add cells” selection mode, randomly choose 10 to 30 cells by clicking on them. [1-SCREEN]
9.2.1. Screen capture video showing the talent select 5-6 cells as described. Authors: Please submit this screen capture video as 57035-Moses-9_2_1.mov/mp4 to your upload page.)  

9.3. Be sure to review the tracking in the series of images. In the event that the system loses track of a cell or tracks the wrong cell, manually adjust the tracking cell by clicking on “Identify” to identify cells or by going to the “Select” mode and clicking on “Modify location” to modify a cell’s location. [1-SCREEN]
9.3.1. Screen capture video showing the talent scan through the images at first, then stop to modify one of the cell tracks as described. Authors: Please submit this screen capture video as 57035-Moses-9_3_1.mov/mp4 to your upload page.)  

9.4. When finished, go to “Plot movement” and choose rose plot of cell trajectories, or go to “Plot features” and plot for the other motion-related parameters such as motility speed, motility, migration, and migration directness.  Export the data as tables or figures. [1-SCREEN]
9.4.1. Screen capture video showing the above step in the order listed. Authors: Please submit this screen capture video as 57035-Moses-9_4_1.mov/mp4 to your upload page.)  

10. Results: Quantitative Phase Imaging of Dormant and Active Human Cancer Cells

10.1. In this protocol, quantitative phase images are presented as holographs. The cells shown here depict the typical cell morphology for angiogenic and non-angiogenic human osteosarcoma cells.[1-LM]
10.1.1. Figure 1a-b (Video Editor: Label Figure 1a as “Angiogenic” and Figure 1b as “non-angiogenic”)

10.2. The cell thickness is calculated by the refractive index and optical path length and is shown here as a scatter plot.[1-LM] The two different cell phenotypes display different distribution patterns and indicate that the angiogenic cells have smaller cell areas and a greater cell thickness than the non-angiogenic cells. [2-LM]
10.2.1. Figure 1e-g (Video Editor: Label Figure 1e as “Angiogenic”, Figure 1f as “non-angiogenic”, and Figure 1g as “Combined”)

10.2.2. Figure 1e-g (Video Editor: Continue to have the panels labeled as described above and highlight Figure 1e and the red dots in figure 1g with the words “angiogenic cells have smaller cell areas and a greater cell thickness” and then highlight figure 1f and the blue dots in figure 1g with the words “than the non-angiogenic cells”.)

10.3. The cell proliferation rate of the two cell types can be calculated from 2D images such as these, which have been segmented and span the course of 2 days.  [1-LM] For these specific cell types, no significant differences were found.[2-LM]
10.3.1. Figure 2(top panels showing cells)

10.3.2. Figure 2(graph)

10.4. To determine cell motion characteristics for the cells, individual cells must be selected and tracked over time.  Here, the tracked cells are outlined with different colors.[1-LM]
10.4.1. Figure 3a-b (Video Editor: Label Figure 3a as “Angiogenic” and Figure 3b as “non-angiogenic”)

10.5. Each individual cell was tracked over the course of 4 hours with their total path trajectory described here, where the zero-zero point is their starting location and their final location is indicated by the colored dot.[1-LM]
10.5.1. Figure 3c-d (Video Editor: Label Figure 3c as “Angiogenic” and Figure 3d as “non-angiogenic”)

11. Conclusion (said by authors on camera) 
11.1. Jing Huang: After watching this video, you should have a good understanding of how to use quantitative phase imaging to quantitatively compare a panel of cell morphological and behavior parameters, in this case, between angiogenic and non-angiogenic cell phenotypes. 
11.2. Jing Huang: After its development, this technique paved the way for researchers in the field of cancer research to explore the escape from tumor dormancy and the role of angiogenesis in this process in an in vitro, continuous, and non-labeling platform. 
11.3. Jing Huang: Don't forget that working with human cell lines can be extremely hazardous and precautions such as wearing personal protective equipment should always be taken while performing this procedure.      
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.

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 are included in the email accompanying the finalized script.

( 2017, Journal of Visualized Experiments


