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Authors, please fill out the brief questionnaire below.   
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) _N_ 

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: _The protocol does not involve video microscopy_
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____N____ 

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.) __2.2, 2.6, 2.8, 4.5, 5.2, 5.3.
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.) _2.6 Trituration, the process of obtaining single-cell suspensions, is one of the most critical factors affecting the success of the procedure. Special care should be given to how long neurospheres are incubated in the dissociation agent. Optimal conditions should be determined for each model used for screening.
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) _Y_ If yes, how far apart are the locations? Same floor, different rooms: tissue culture room and main lab.
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 procedure is to screen small molecule libraries for agents that promote astroglial differentiation in glioblastoma stem cells. (Intro)
B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Raffaella Spina: This method can help answer key questions in the cancer stem cell field, such as what are the signaling pathways that are required for maintaining GSCs in the undifferentiated state? [1-MED].
1.1.1. Raffaella speaks towards the camera, interview style.
1.2. Raffaella Spina: Proper execution of this technique allows for the straightforward identification of small molecules that promote GSC differentiation [1-MED].
1.2.1. Raffaella speaks towards the camera, interview style.
Note to the Authors: Please memorize all statements prior to filming.
C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Raffaella Spina: The implications of this technique extend toward therapy, or diagnosis of glioblastoma, because reducing the percentage of GSCs may decrease the likelihood of recurrence [1-MED].
1.3.1. Raffaella speaks towards the camera, interview style.
1.4. Dillon Voss:  This method can also be applied to studying differentiation into other cell lineages using other reporter constructs [1-MED]. 
1.4.1. Dillon speaks towards the camera, interview style. 
1.5. Eli Bar: Our report is the first to establish a high throughput approach to screen for agents that force GSCs to differentiate [1-MED]. Note: This shot was recorded before all the others, followed by shots for Raffaella Spina and Dillon Voss.
1.5.1. Eli speaks towards the camera, interview style.

1.6. Raffaella Spina: Working with lentivirus particles and cancer cells, derived from patients, can be extremely hazardous. Therefore, standard procedures for working with blood-born-pathogens should always be followed. [1-MED]
1.6.1. Raffaella speaks towards the camera, interview style.
*Authors, interview statements have been edited to conform to length requirements.
D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
1.7. Procedures involving human subjects have been approved by The Institutional Animal Care and Use Committee (IACUC) at Case Western Reserve University.
Protocol: (read by voice talent at JoVE)
2. Generation of Lentiviral Transcriptional Reporter Cell Lines
2.1. To begin, seed one million glioblastoma stem cells or GSCs in 2 mL of complete neural stem cell growth medium in a 6-well plate [1-MED].
2.1.1. Talent shows seeding of glioblastoma stem cells in a 6-well plate.

2.2. Next, transduce the cells with the lentivirus reporter at a multiplicity of infection equal to 5 [1-MED-Over the shoulder-TXT]. [2.2.1.1.]
2.2.1. Talent shows transducing cells by the lentiviral reporter. TEXT: pGreenZeo GFAP:GFP lentiviral reporter
2.2.1.1. Added shot: CU: to show tube label. Editor: Use this shot for a few seconds after the previous one, or as an inset, or if the shots are showing the same thing, use this one.
2.3. To the cell and virus mixture, add 2 (L of polybrene such that the final concentration is 8 (g/mL [1-CU-TXT] [2.3.1.1.] and incubate the cells at 37°C and 5% CO2 overnight [2-WIDE].
2.3.1. Talent adds polybrene to the cells. TEXT: 2 (L Polybrene to a concentration of 8 (g/mL.
2.3.1.1. Added shot: CU: to show tube label Editor: Use this shot for a few seconds after the previous one, or as an inset, or if the shots are showing the same thing, use this one.
2.3.2. Talent places the cells in the incubator. Film multiple usable takes, the shot will be repeated later.
2.4. After incubation, replace the growth medium to remove unbound virus [1-MED] and continue to incubate the cells for 24 hours [2-WIDE-TXT].
2.4.1. Talent replaces the growth medium. Replaced shot: Talent adds cells to 15ml conical tube. Note: Not sure if this replaced shot belongs here, probably not
2.4.1.1. Added shot: CU: to show centrifuge Note: This is obviously wrong place for this shot! 
2.4.1.2. Added shot: CU: Talent removes supernatant and adds cell to well Note: This is obviously wrong place for this shot!
2.4.2. * Use 2.3.2.. TEXT: 37°C and 5% CO2 for 24 hours
2.5. Harvest 0.5 mL of the total culture volume [1-MED-Over the shoulder]. Pellet cells by centrifugation at 360 x g for 5 minutes at room temperature [2-MED]. Resuspend cells in 0.5 mL fresh neural stem cell growth medium [3-MED-Over the shoulder]. Place the plate back in the incubator to allow for expansion for at least 72 hours [4-WIDE]. 

2.5.1. Talent harvests the cultured cells.

2.5.2. Talent centrifuges the cells to pellet them. Show the centrifuge settings if possible.
2.5.3. Talent resuspends cells in fresh neural stem cell growth medium.
2.5.4. *Use 2.3.2.

2.6. Add 200 (L of dissociation reagent [1-CU] [2.6.6.1.] and incubate for 5 min in a water bath set to 37°C [2-MED-Over the shoulder]. Dissociate cells by pipetting up and down gently [3-MED]
2.6.1.  Talent adds dissociation reagent.
2.6.1.1. Added shot: CU: to show tube label Editor: Use this shot for a few seconds after the previous one, or as an inset, or if the shots are showing the same thing, use this one
2.6.2. Talent incubates the cells in a water bath.

2.6.3. Talent dissociates the cells by pipetting. 

2.7. To the dissociated cells, add 800 (L of HBSS to ensure minimal cell attachment or aggregation [1-CU-TXT]. 
2.7.1. Talent adds HBSS buffer to the dissociated cells. TEXT: Hank’s Balanced Salt Solution (HBSS): Final volume 1 mL.
2.8. Next, transfer 200 (L of each cell suspension into wells of a 96-multiwell plate [1-CU]. Determine the percentage of cells expressing the green fluorescent protein (GFP) by flow cytometry [2-MED-over the shoulder] [2.8.2.1-SCREEN]. Record at least 10,000 viable cells in each acquisition [3-MED-over the shoulder]or[3-SCREEN].

2.8.1. Talent transfers cell suspension into a 96-well plate.

2.8.2. MED: Talent runs the cells in a cytometer to check GFP fluorescence. Not sure if this was taken.
2.8.2.1. SCREEN: *To be submitted by Author. Talent shows percent of GFP positivity on the screen. Two SCREENS will be provided: one labeled 2.8.2.1_GH and 2.8.2.1_GL showing two different subclones, one high and one low in GFAP:GFP percentage Try to use both one after another
Note from the authors: Added shot [MED-over the shoulder] Video Labeled 2.8.2.1 to be moved to 2.8.3.1.: Talent filmed setting up the flow cytometer for acquisition of 10,000 events. Also provided SCREEN of acquisition of 10,000 events labeled 2.8.3.1. 
2.8.3. MED: Talent shows acquiring required number of events in the flow cytometer. (OR)
2.8.3.1. SCREEN: *To be submitted by Author. Talent shows acquisition of 10,000 events on the screen. 
2.9. Raffaella Spina: “In all flow cytometric analyses, use parental, non-transduced, cells or vector-transduced, non-fluorescent, cells to establish baseline fluorescence.” [1-MED]
2.9.1. Raffaella speaks towards the camera, interview style.

3. Subclone Selection, Expansion and Validation
3.1. To select and expand individual subclones, seed cells at a density of 0.7 cells per well in 100 (L of neural stem cell medium in a 96-well plate [1-CU].
3.1.1. Talent shows seeding of subclones in a 96-well plate.

3.2. Maintain these clones in culture for 11 days [1-WIDE-TXT]. Look out for neurospheres with a diameter greater than 100 (m [2-SCREEN]. 
3.2.1. Talent places cells in the incubator. TEXT: 37°C and 5% CO2 for 11 days
3.2.2. SCREEN: *To be submitted by Author. Provided SCREEN labeled 3.2.2.
3.3. Dillon Voss: “We have previously established this “cutoff” size to retrospectively determine if a neurosphere was originated by a self-renewing GSC. This “cutoff" size may need optimization when working with different GSC models. “ [1-MED]
3.3.1. Dillon Voss speaks towards the camera, interview style.

3.4. Observe the cells under a fluorescence microscope equipped with a FITC filter [1-SCREEN or MED-over the shoulder], and mark wells that contain a single neurosphere in which approximately 1 to 5% of the cells are GFP-positive [2-MED-Over the Shoulder].
3.4.1. SCREEN: *To be submitted by Author. Note: Dillon Voss was recorded observing neurospheres under the microscope and marking a well with cells showing 5% GFP positivity, refer to 3.4.2. MED-over the shoulder
Authors, for steps involving observation of neurospheres under the microscope, please suggest how you want the shot to be taken. You can also provide figures showing how the neurospheres would look like.
3.4.2. Talent marks wells that contain a single neurosphere (MED-over the shoulder).
3.5. After marking, expand individual clones until a sufficient number of cells is available for flow cytometry analysis [1-MED-TXT].

3.5.1. Talent picks individual clones for flow cytometry analysis. TEXT: Approximately 1.5 x 105 cells/mL from a 6-well plate needed. 
4. Determination of GFAP:GFP Expression by Flow Cytometry 

4.1. Assuming the reporter clones contain 1 to 5% of GFP positive cells, harvest 0.5 mL from each clone along with an equal quantity of non-transduced control cells to determine the exact percentage of GFP-positive cells [1-MED or CU]. 
4.1.1. Talent shows harvesting of transduced and non-transduced cells.
4.2. After pelleting cells at 360 x g for 5 minutes at room temperature aspirate the supernatant. [1-MED] Add 200 (L of dissociation reagent to each pellet [2-CU] and incubate the tubes in a water bath set to 37oC [3-MED].
4.2.1. Talent aspirates the supernatant. Talent adds dissociation reagent to the pellet 4.2.1. and 4.2.2. shots were combined in one shot
4.2.2. Talent adds dissociation reagent to the pellet.

4.2.3. Talent incubates the tubes in a water bath.

4.3. After incubation, triturate the cells about 20 to 30 times to achieve a single cell suspension [1-CU]. Then, add 800 (L of HBSS to ensure minimal cell attachment or aggregation [2-CU-TXT].
4.3.1. Talent triturates the cells several times to achieve a single cell suspension. Talent adds HBSS to the cells. TEXT: 800 µL HBSS: Final volume 1 mL.4.3.1. and 4.3.2. shots were combined in one shot
4.3.2. Talent adds HBSS to the cells. TEXT: 800 µL HBSS: Final volume 1 mL.
4.4. Raffaella Spina: “Harsh trituration may result in significant killing of GSCs, complete dissociation is usually achieved after 20-30 times. The effect of trituration and incubation in the dissociation agent on viability should be verified for each GSC model used.” [1-MED]
4.4.1. Raffaella speaks towards the camera, interview style

4.5. Now, transfer 200 (L of each cell suspension into wells of a 96-multiwell plate [1-CU]. Finally, perform flow cytometry, recording at least 10,000 viable cells in each acquisition [2-MED-over the shoulder]/[2-SCREEN].

4.5.1. Talent adds cell suspension to a 96-well plate.

4.5.2. MED: Talent shows acquiring required number of events in the flow cytometer. (OR) 
SCREEN: *To be submitted by Author. Talent shows acquisition of 10,000 events on the screen. SCREEN provided and labeled as 4.5.2.
5. ELDA Self-Renewal Assay to Assess Clonogenic Capacity
5.1.1. To assess the clonogenic capacity, prepare single-cell suspensions of differentiation reporter subclones by triturating the cells about 20 to 30 times [1-CU]. Note: The video labeled as 4.5.2. is actually 5.1.1. We have two takes for 4.5.2. one is for 5.1.1. and the other one for 6.4.1.
5.1.2. Talent triturates the cells. 

5.2. Then, plate these cells in 100 (L of complete neural stem cell growth medium at a density of about 5 to 500 cells per well in 96-multiwell plates [1-CU-TXT].
5.2.1. Talent plates cells in complete growth medium. TEXT: 5 to 500 cells per well in 100 (L of complete neural stem cell growth medium
5.3. Maintain these cells in culture for 9 to 11 days [1-WIDE-TXT]. Look for neurospheres under a light microscope [2-MED]. A well containing at least one single large neurosphere is considered positive [3-MED-Over the shoulder].
5.3.1. Talent places cells in the incubator for culture. TEXT: 37°C and 5% CO2 for 9 to 11 days.
5.3.2. Talent looks for neurospheres under the microscope. Talent marks wells containing at least one neurosphere . Editor: 5.3.2 and 5.3.3. combined as one shot Also authors have an image of the neurosphere to show as an inset along with this shot: SCREEN provided and labeled as 5.3.2.
5.3.3. Talent marks wells containing at least one neurosphere.
5.4. Considering parental, non-transduced, cells and GFP-positive lentivirus transduced cells as controls, input the total wells analyzed and the number of positive cells on the ELDA (pronounced E-L-D-A) online interface [1-SCREEN-TXT].

5.4.1.  SCREEN: *To be submitted by Author. Talent enters the required values in the software interface. TEXT: ELDA: Extreme Limiting Dilution Analysis Note: We provided a recorded video of talent inputting data on the ELDA online interface, labeled as VIDEO 5.4.1.
6. Drug Screen
6.1. To begin screening, plate 5000 cells in 99 (L of complete neural stem cell growth medium in a 96-well plate [1-CU-TXT].
6.1.1. Talent adds cells to neural stem cell growth medium in a 96-well plate. TEXT: 5000 cells in 99 (L of complete neural stem cell growth medium.

6.2. Then, with a 12-channel pipettor, treat cells with 2-micromolar final concentration of diluted library compounds or with the DMSO control [1-CU-TXT]. Incubate the cells for 72 hours [2-WIDE-TXT].

6.2.1. Talent adds library compounds and DMSO controls to the cells. TEXT: Diluted library compound concentration: 2 (M 

6.2.2. Talent places cells in the incubator. Film multiple usable takes, the shot will be repeated later. TEXT: 37°C and 5% CO2 for 72 hours. 
6.3. Now, add 150 (L of cell dissociation reagent using a 12-channel pipettor in each well [1-CU-TXT] and incubate at 37°C for 20 minutes [2-WIDE]. Then, gently triturate the cells in each well about 20 to 30 times using a 12-channel pipettor until a single cell suspension is achieved [3-CU].
6.3.1. Talent adds dissociation reagent to each well. TEXT: Final volume – 250 (L 
6.3.2. *Use 6.2.2. 
6.3.3. Talent starts triturating the cells.
6.4. Now, perform flow cytometry and determine the percentage of cells expressing the GFAP:GFP reporter [1-MED]. First, determine the cell size and viability from the forward and side scatters and gate the viable cell population. Then determine the GFP-positive cells within the viable cell population [3-SCREEN]. An increase of percentage of GFP-positive cells by 3 standard deviations over controls is considered to be a positive hit, which may be adjusted to accommodate user preference of stringency [2-SCREEN-TXT]
6.4.1. Talent places the 96-well plate in the flow cytometer. Note: We have two takes for 4.5.2. one is for 5.1.1. and the other one for 6.4.1.
6.4.2.  SCREEN: *To be submitted by Author. Talent shows determination of cell viability from forward and side scatters on screen. TEXT: Use DMSO treated cells to set the baseline fluorescence and adjust gating. Talent shows determination of GFP positive cells on screen. Talent shows increase in GFP positivity over the control cells. Note: 6.4.2 through 6.5.1. is provided as a recorded video labeled 6.4.2.
6.4.3. SCREEN: *To be submitted by Author. Talent shows determination of GFP positive cells on screen.

6.5. An increase of percentage of GFP-positive cells by 3 standard deviations over controls is considered to be a positive hit, which may be adjusted to accommodate user preference of stringency [1-MED]/[1-SCREEN].
6.5.1. MED: Talent shows increase in GFP positivity over the control cells. (OR)
SCREEN: *To be submitted by Author. Talent shows increase in GFP positivity by 3 standard deviations on screen.

7. Results: Selection and Drug Screening of Glioblastoma Stem Cell Subclones 
7.1. Representative images of HSR-GBM1 GSC subclones expressing low and high levels of GFAP:GFP are shown [1-LM].  
7.1.1. 56176_EliBar_Figure 2 – Editors, please indicate GL image as ‘Low GFAP:GFP and GH image as ‘High GFAP:GFP’.
7.2. The subclones positive for GFAP:GFP expression were selected by flow cytometry for the patient derived neurosphere line. Here low GFAP:GFP indicates that less than 5 percent of the cells in the clone are GFP-positive [1-LM] while high GFAP:GFP indicates that greater than 75 percent of the cells in the clone are GFP-positive [2-LM]. 
7.2.1. 56176_EliBar_Figure 3 – Editors, please highlight the GL- series indicating “low GFAP.” 
7.2.2. 56176_EliBar_Figure 3 – Editors, please highlight the GH- series indicating “high GFAP.”
7.3. These results show that in vitro self-renewal capacity (clonogenicity) of GFAP-low (GL) subclones is higher than their GFAP-high (GH) counterparts as confirmed by ELDA [1-LM]. Therefore, GH subclones are more differentiated than GL subclones [2-LM].
7.3.1. 56176_EliBar_Figure 4 – Editors, please highlight the GL- series lines in the plot and indicate ‘Increased GSC frequency’. 
7.3.2. 56176_EliBar_Figure 4 – Editors, please highlight the GH- series lines with mention of “GFAP high”.
7.4. Finally, drug libraries were screened to identify agents capable to induce astroglial differentiation in GSCs. 12 drugs were found to significantly increase the percentage of cells expressing the GFAP:GFP reporter [1-LM].

7.4.1. 56176_EliBar_Table 1 – Editors, please highlight 6-Azauridine and Nisoldipine denoting high and low fold change respectively.
RESULTS INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors will ensure that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.  The results section is limited to 200 words total. If your results section contains more than 3-4 figures, please choose the most important figures to illustrate your results. Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image. Each image or movie file supplied for the video results section should be referenced by its specific file name.
Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown

5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:
http://www.jove.com/video/1597/results-example-mably?status=a3603k
8. Conclusion (said by authors on camera)

8.1. Dillon Voss: Once mastered, this technique can be done in few weeks if it is performed properly [1-MED].
8.1.1. Dillon speaks towards the camera, interview style.
8.2. Raffaella Spina: Following this procedure, other methods like Alamar blue assay, Clonogenic assay in semi solid media, flank or intracranial xenografts injections can be performed in order to answer additional questions like the effect of selected drugs on cellular proliferation and clonogenicity in vitro and tumorigenicity in vivo [1-MED].
8.2.1. Rafaella speaks towards the camera, interview style.
8.3. Dillon Voss: After watching this video, you should have a good understanding of how to identify compounds capable of inducing astroglial differentiation in glioblastoma stem cells [1-MED].
8.3.1. Dillon speaks towards the camera, interview style. 
*Note to the Authors: Interview statements were edited to conform to the length restrictions. I am happy to help if you have any questions.
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.
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