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Authors, please fill out the brief questionnaire below.   
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)____N___ 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 by their protocol number. __________2.3-2.6; _4.1-4.4

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. 2.3-2.6____________

E.  Will the filming need to take place in multiple locations? (Y/N) ___Y___ If yes, how far apart are the locations? Harper 201, Raclin 146 (buildings are attached, but rooms are on two different floors) 

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 select and isolate chemoresistant ovarian cancer stem cells, or CSCs. (Intro)
This is accomplished by first fluorescently labeling ovarian cancer cell lines with red fluorescent protein, or RFP… and selecting for RFP positive cells using Fluorescence Activated Cell Sorting, or FACS. (P1)
Editors, please use P1 of “Schematic_2JC” as this point is narrated.  Start with the image of the well with white cells.  Then have some of the cells turn red to result in the 2nd image of P1.  As the last part of the sentence is narrated, start with the 2nd image on the left of the screen.  Animate the selection of the red cells by floating them up out of the well, across the screen, and into a new well to represent the final image of P1.
The second step of the procedure is to treat ovarian cancer cell lines with chemotherapeutic cisplatin (pronounced “sis-ˈpla-tən\”) for 72 hours and then culture the surviving cells in CSC media.  After two days the non-adherent spheroids will form. (P2)
Editors, please use P2 of “Schematic_2JC” as this point is narrated.  Start with the left-most image of the cells in the well.  Bring in the black lightning bolt and corresponding label.  As the last sentence is narrated, transition from the first well with cells to the right-most image of the well with less cells of a slightly different shape.
Next, CSCs are characterized using gene expression analysis for stem cell markers… and CSCs are analyzed for cell surface markers using flow cytometry. (P3)
Editors, please use P3 of “Schematic_2JC,” except instead of the text, bring in the arrow to one of the graphs in figure 4A as “characterize the CSCs using gene expression analysis for stem cell markers” is narrated and bring in the arrow to one of the plots in figure 5 as “and CSCs for cell surface markers using flow cytometry” is narrated.

Ultimately, analysis of CSCs for therapeutic response is achieved by treating cells with cisplatin or paclitaxel (pronounced “pa-kli-ˈtak-səl\”) and performing an MTT assay to measure viability. 

 (P4)
Editors, please use P4 of “Schematic_2JC” as this point is narrated, bringing in the purple lightning bolt and label as “treating cells with cisplatin or paclitaxel” is narrated and bring in the black arrow to MTT assay as narrated.
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).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Karen Cowden Dahl:  The main advantage of this technique over existing methods, like treating cancer cells with high doses of paclitaxel and cisplatin, is that our method yields more viable cells while using less toxic chemotherapeutic agents.   
1.1.1. MED:  Karen speaks toward camera, interview style.
1.2. Jennifer Cole:   The implications of this technique extend toward improving therapy of ovarian cancer, because CSCs represent a therapeutically resistant population that will need new treatment modalities.  This method can also be applied to other systems, such as breast cancer, pancreatic cancer, and other tumor types with therapeutically resistance cells.
1.2.1. MED:  Jennifer speaks toward camera, interview style.
1.3. ** Karen Cowden Dahl:  Along with Jennifer, demonstrating this technique will be Dr. Lynn Roy, a post doc from my laboratory.  
1.3.1. MED:  Karen speaks toward camera, interview style.
1.3.2. MED:  Lynn looks up from workbench or desk and acknowledges the camera.
Protocol (read by voice talent at JoVE):

2. Cell culture and fluorescent labeling ovarian cancer cell lines
2.1. To begin, propagate SKOV3 and OVCA429 (pronounced “skahv-3 and ove-ka-4-2-9”) cell lines in a humidified incubator at 370C with 5% CO2, and grow cells to between 40 and 50% confluency. 
2.1.1. MED:  Talent places the flasks with the cells into the incubator.  TEXT overlay:  see text protocol for media recipes.
2.2. To generate SKOV3 cells expressing red fluorescent protein, or RFP, add lentiviral particles expressing RFP and 10 micrograms per milliliter of polybrene to SKOV3 media in the absence of penicillin and streptomycin for 72 hours.  
2.2.1. CU:  Flask of cells as talent pipettes the lentiviral particles expressing RFP and polybrene into the SKOV3 cell media.
2.2.2. MED-over the shoulder:  Talent places the cells back into the incubator.
2.3. After 72 hours, select for RFP positive cells by Fluorescence Activated Cell Sorting, or FACS, by first trypsinizing RFP and non–RFP expressing cells.  Then centrifuge at 125 x g for 5 minutes.  Following centrifugation, resuspend the cells at 10 million cells per milliliter in PBS containing 0.1% BSA.  
2.3.1. MED:  Talent pipettes trypsin into the cell flasks at the cell culture hood.
2.3.2. MED-over the shoulders:  Talent places the tubes of cells into the centrifuge.
2.3.3. CU:  Tube of centrifuged cells as talent resuspends in buffer.  TEXT overlay:  phosphate buffered saline (PBS), 0.1% bovine serum albumin (BSA)
2.4. On a cell sorter, use non-RFP cells to determine the sorting parameters.  Then collect cells that express high RFP using a 561 nm laser.  
2.4.1. MED-over the shoulder:  Talent on cell sorter uses non-RFP cells to determine the sorting parameters.
2.4.2. MED:  Talent working at the cell sorter to collect the cells.
3. Enrichment for Cancer Stem Cells
3.1. To enrich for cancer stem cells, treat SKOV3, SKOV3-RFP, or OVCA429 cell lines with 20μM of chemotherapeutic cisplatin for 72 hours.  
3.1.1. MED:  Talent in the cell culture hood treats the cells with cisplatin from a labeled container.
3.2. Next, trypsinize the cells and culture surviving cells in CSC media.
3.2.1. CU:  Flask as talent pipettes trypsin in.  TEXT overlay:  see text for CSC media recipe  
3.3. Change the media every 2 days by centrifuging cells at 125 x g for 5 minutes and resuspending the pellet in fresh CSC media.  Check cells for viability every 2 days by counting cells and performing trypan blue exclusion.
3.3.1. WIDE/MED/MED-over the shoulder:  Multiple takes as talent places the cells into the centrifuge, shuts lid and runs at starts run 125 x g for 5 minutes.  This shot will be reused 2X
3.3.2. MED:  Talent at microscope counting cells with tyrpan blue exclusion.
3.4. Collect CSCs for further experiments by centrifuging as before and resuspending the pellet in the appropriate solution.
3.4.1. Shot 3.3.1 – talent places cells into the centrifuge.
3.5. Monitor CSC cell morphology using a light microscope at 20X and 40X magnifications.
3.5.1. CU:  Light microscope with cells underneath as talent monitors at 20X and 40X magnifications.
4. CSC characterization via gene expression analysis for stem cell markers
4.1. To characterize the CSCs, first collect 3 preparations of CSCs by centrifuging media containing cells at 125 x g for 5 minutes.  Then, resuspend the pellet in a solution of phenol containing guanidinium thiocynate for RNA extraction.
4.1.1. CU:  Centrifuge as talent inserts 3 samples of CSCs in and shuts lid.
4.1.2. MED-over the shoulder:  Talent resuspends the pellet in a solution of phenol containing guanidinium thiocynate from a labeled container.
4.2. Then, synthesize complementary DNA, or cDNA, from 0.1 to 1µg of RNA using a commercially available cDNA Reverse Transcription kit.
4.2.1. MED:  Talent at bench adds TRIzol to the sample from a labeled container.
4.2.2. MED-over the shoulder:  Talent uses a cDNA reverse transcription kit to prepare the reverse transcription reaction.
4.3. Next, perform quantitative reverse transcribed polymerase chain reaction, abbreviated qRT-PCR, as detailed in the text protocol.  Perform all qRT-PCR in duplicate for each sample using a real time PCR thermocycler capable of detecting multiple fluorophores.  
4.3.1. CU:  PCR thermocycler as talent inserts the samples into it, closes lid, and starts run.
4.4. As a final step, normalize stem cell gene expression to GAPDH (pronounced “gap-D-H”) expression for each sample using the ΔΔCT (pronounced “delta delta C-T”) method. 
4.4.1. MED-over the shoulder:  Computer screen as talent normalizes stem cell gene expression to GAPDH expression using the ΔΔCT method.
5. Analyzing CSCs for cell surface markers CD117 and CD133
5.1. Harvest CSCs by collecting media containing cells and centrifuging at 125 x g for 5 minutes.  Add 500 microliters of a non-proteolytic cell detachment solution to break-up the cells before centrifuging again to remove the cell detachment solution.  Then, wash the cells twice with cold PBS.
5.1.1. Shot 3.3.1 – talent places cells into the centrifuge.
5.1.2. CU:  Cells as talent adds 500ul of a non-proteolytic cell detachment solution from labeled container.
5.1.3. MED:  Talent washes cells with cold PBS.
5.2. Incubate the cells in normal growth media for 1 hour prior to labeling the cells.  After spinning the cells as before, resuspend the cells in PBS with 0.1% BSA, containing anti-CD133-PE (pronounced as “C-D-one-thirty-three-P-E”) and anti-CD117-FITC (pronounced as “C-D-one-seventeen-FIT-ZE”).  Then, fix the cells overnight in 1% paraformaldehyde. 
5.2.1. MED-over the shoulder:  Talent leaves the flask of cells in the incubator.
5.2.2. CU:  Cell pellet in tube as talent resuspends in PBS with 0.1% BSA, containing anti-CD133-PE and anti-CD117-FITC.
5.2.3. MED-over the shoulder:  Talent pipettes 1% paraformaldehyde to the cells.
5.3. Perform flow cytometry to analyze CD117 and CD133 cell surface expression.  Collect data on cells in the FL1 and FL3 channels, and generate gates for cells expressing both FITC and PE.  Generate a dot plot with 4 quadrants and determine the number of cells in each quadrant.
5.3.1. WIDE or MED:  Talent at cell sorter performing flow cytometry.
5.3.2. MED-over the shoulder or CU:  Computer screen as talent generates a dot plot with 4 quadrants.
6. Analyzing CSCs for therapeutic response
6.1. Plate 5,000 cells per well for each cell variant on 96-well plates overnight.  Then, treat the cells with various concentrations of cisplatin or paclitaxel for 96 hours.
6.1.1. CU:  96-well plates as talent plates the cells in each well.  TEXT overlay:  SKOV3, SKOV3-RFP, SKOV3 CSC and SKOV3-RFP CSC
6.1.2. MED:  Talent adds cisplatin or paclitaxel to the cells from a labeled container. TEXT overlay:  see text for concentrations
6.2. After 96 hours, add 10µl of 10 milligrams per milliliter MTT.  
6.2.1. CU:  96-well plate as talent plates 5000 cells per 100µl per well.
6.2.2. MED-over the shoulder:  Talent adds MTT to the cells from a labeled container.  TEXT overlay:  MTT: 3-(4, 5-Dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide
6.3. Incubate at 370C for 2 to 4 hours until precipitate forms.  To solubilize MTT, add the MTT solvent, a solution containing 4mM HCl and 0.1% NP-40 in isopropanol.  Following incubation for 15 minutes in the dark, read the plates at 570 nm on a plate reader.
6.3.1. MED:  Talent places the cells in the incubator.
6.3.2. ECU:  Well on the plate with precipitate as talent adds MTT solvent to the solution and the MTT solubilizes.
6.3.3. MED-over the shoulder:  Talent reads the plates at 570 nm on a plate reader.
7. Results: Validation of  ovarian CSCs enrichment 
7.1. To demonstrate that CSCs were isolated from epithelial ovarian cancer cell lines using cisplatin treatment, images of the cell lines were acquired prior to treatment and after selection.  Light microscopy captured images of adherent SKOV3… and OVCA429 cells as well as SKOV3 CSCs… and OVCA429 CSCs.  
7.1.1. LAB MEDIA:  Figure 1.  Editors, as the second sentence is narrated, please highlight the top left panel under “untreated” as “adherent SKOV3” is narrated, the bottom, left panel as “OVCA429 cells” is narrated.  Then as “as well as SKOV3 CSCs” is narrated, please highlight the top right panel and as “and OVCA429 CSCs” is narrated, highlight the bottom right panel.
7.2. CSCs appear round and not attached to the tissue culture plates. 
7.2.1. LAB MEDIA:  Figure 2A.  Editors, please highlight the right panel as this point is narrated.
7.3. SKOV3 cells transduced with RFP retain their fluorescence after isolation of the CSCs, demonstrating that the cells are viable.
7.3.1. LAB MEDIA:  Figure 2B
7.4. Viable CSC cultures were assessed for their response to drug therapy.  CSCs demonstrated increased resistance to cisplatin… and paclitaxel.
7.4.1. LAB MEDIA:  Figure 3.  Editors, as “increased resistance to cisplatin” is narrated, please highlight the following bars: top left plot - gray bar labeled 1 and gray bar labeled 100; bottom left plot – gray bar labeled 100 and gray bar labeled 1000.  Then as “and paclitaxel” is narrated, please highlight the following bars: top right plot - gray bar labeled 10; bottom right plot – gray bars labeled 0.1, 1, 10 and 100.  
7.5. Expression of stem cell genes CD133, Nestin (pronounced “nest-in”), Nanog (pronounced “nan-og”), and Oct4 (pronounced “Oct-4”) was examined.  In initial experiments Oct4, Nanog, and Nestin were elevated in SKOV3 CSC cultures compared to untreated, but the results were not statistically significant.  CD133 was significantly induced in SKOV3 CSC cultures compared to untreated cells.
7.5.1. LAB MEDIA:  Figure 4A.  Editors, as the third sentence is narrated, please zoom into the top left plot.
7.6. Upon repeating these experiments, Oct4 and Nanog increased in SKOV3 CSCs as compared to parental control cells.
7.6.1. LAB MEDIA:  Figure 4B. 
7.7. SKOV3 CSCs exhibit increased cell surface expression of the CSC marker CD117 as revealed by FACS analysis.
7.7.1. LAB MEDIA:  Figure 5.  Editors, please highlight to right plots as this point is narrated.
8. Conclusion (said by authors on camera)
8.1. Jennifer Cole:  While attempting this procedure, it’s important to remember the major limitation of this protocol is the length that the CSCs remain viable.  Using this protocol, the CSCs remain viable for less than a week.  Therefore, the types of experiments and analysis for the CSCs need to be carefully timed.
8.1.1. MED: Jennifer speaks toward camera, interview style.
8.2. Karen Cowden Dahl:  Don't forget that working with cisplatin can be extremely hazardous and precautions such as use of protective clothing and avoiding contact with skin and mucus membranes should always be taken.   
8.2.1. MED: Karen speaks toward camera, interview style.
8.3. Jennifer Cole: Following this procedure, other methods like trypan blue exclusion can be performed in order to answer additional questions regarding the cells’ viability as well as limiting dilution assays to demonstrate the tumor promoting characteristics of the CSCs.
8.3.1. MED: Jennifer speaks toward camera, interview style.
8.4. Karen Cowden Dahl:  After its development, this technique paved the way for researchers in the cancer field to explore pathways that lead to chemoresistance.
8.4.1. MED: Karen speaks toward camera, interview style.
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_2JC
Figure 1 
Figure 2A – Authors, please provide a separate version of figure 2A without the “A” label.
Figure 2B – Authors, please provide a separate version of figure 2B without the “B” label and without the a-d labels.
Figure 3 – Authors, please provide a version of figure 3 without the “A-D” labels.
Figure 4A – Authors, please provide a separate version of figure 4A without the “A” label.
Figure 4B – Authors, please provide a separate version of figure 4B without the “B” label.
Figure 5 – Authors, please provide a version of figure 3 without the “A-D” labels.
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


