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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? No
Can you record movies/images using your own microscope camera? NA
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.

2. Does your protocol include software usage? Yes
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.

3. Which steps from the protocol section below are the most important for viewers to see? Please list 4-6 individual steps using the step numbers listed in this document. This information is important to prepare your Videographer for your shoot. (You do not need to include steps that will be screen captured. Please do not list entire sections.)
2.3.1
2.3.2
2.4.1
2.4.2
3.1.1
3.1.2
4. 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.)
2.3.2 is the most difficult aspect of the procedure because pipetting into the wells is challenging and obtaining uniform volume droplets with similarly sized spheroids requires some practice. To ensure consistent pipetting accuracy and uniform sized spheroids, it is recommended that you take your time and mix the cell suspension with your pipet after plating approximately 20 wells to ensure a homogeneous cell distribution within your cell suspension.
5. Will the filming need to take place in multiple locations? No
If yes, how far apart are the locations? 


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.1. Caymen Novak: Our protocol provides a simple method for 3D cell culture and is  highly amenable to downstream analysis. This facilitates the evaluation of heterogeneous patient samples and their specific drug responses.

1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.2. Caymen Novak: The advantage of this technique is that spheroids can be formed with small cell numbers, allowing for both preservation of scarce primary samples and high-throughput screening for patient-specific drug responses.

1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Catherine Snyder: The hanging drop model creates a physiological environment with 3D drug diffusion and dose responses corresponding to tumor stage. This allows for the development of targeted therapies and patient-specific treatments.

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.4. Catherine Snyder: This method is ideal for studying ovarian cancer heterogeneity and the development of chemoresistance, however it can also be used to study other cancers and drug resistant cell populations.

1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.5. Catherine Snyder: When plating spheroids it is important to pipet precise volumes. This ensures consistency between spheroids. 

1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

1.6. Catherine Snyder: The spheroids and their respective droplets are inherently fragile and easily lost without proper handling. Therefore, we will show how to appropriately plate, maintain and analyze a hanging drop plate.

1.6.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Introduction of Demonstrator: (Said by you on camera)

1.7. Catherine Snyder: Demonstrating this procedure will be Michael Bregenzer, a graduate student from our laboratory. 

1.7.1. INTERVIEW: Author saying the above 
1.7.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)

1.8. Procedures involving human subjects have been approved by the Institutional Review Board (IRB) at the University of Michigan.


Section - Protocol
2. Generation of Spheroids from Small Cell Numbers 
2.1. Start by filling each well of a 6-well plate with 4 to 5 milliliters of autoclaved deionized water [1] and sandwiching the hanging drop plate between the lid and the bottom of the plate [2]. Add 800 to 1,000 microliters of water around the rim of the hanging drop plate to provide a humid environment and minimize evaporation [3-TXT].
2.1.1. WIDE: Establishing shot of talent filling plate with water in the biosafety cabinet.
2.1.2. MED: Talent positioning the hanging drop plate.
2.1.3. MED: Talent adding water around the rim. TEXT: See Figure 1 in Manuscript
2.2. Next, collect 2D-grown cells by detaching them with trypsin (pronounce: trip-sin) and then adding 8 or 9 milliliters of medium containing FBS [1]. Aspirate the cells with a 10-milliliter serological pipet and deposit them in a 15-milliliter conical tube [2]. Use a hemocytometer to count the cells [3].
2.2.1. MED: Talent adding medium to cells.
2.2.2. MED: Talent aspirating cells and transferring them to a conical tube. 
2.2.3. MED: Talent using hemocytometer. NOTE: They shot two different views for this step.
2.3. Prepare cell suspension according to manuscript directions and mix it gently with a 1,000-microliter pipet to ensure homogeneous distribution [1]. Place the tip of the pipet in the well at an angle of 45 and pipette 20 microliters of suspension into each hanging drop well [2]. Videographer: This step is important!
2.3.1. MED: Talent pipetting cells to mix. 
2.3.2. CU: Talent adding cell suspension into a hanging drop well. Videographer: This step is most difficult!

2.4. Place the lid of the 6-well plate back on and use a stretchy thermoplastic strip to seal the edges [1]. Incubate in a standard carbon dioxide humidified incubator [2-TXT] and feed the hanging drops every 2 to 3 days by adding 2 to 3 microliters of cell culture medium to each spheroid containing well [3]. Videographer: This step is important!

2.4.1. MED: Talent placing lid on plate and sealing it.
2.4.2. MED: Talent placing plate in incubator. TEXT: 5% CO2, 37 °C
2.4.3. CU: Talent adding media to well.
3. Quantification of Proliferation and Viability within Spheroids

3.1. To quantify proliferation and viability of the cells, add 2 microliters of filtered resazurin (pronounce: ‘rez -az- ur – en’) -based solution to the wells designated for proliferation analysis [1] and incubate according to manuscript direction [2]. Videographer: This step is important!

3.1.1. CU: Talent adding solution to a few wells.
3.1.2. MED: Talent placing plate into incubator.
3.2. After the incubation period, open the hanging drop sandwich in a biosafety cabinet [1] and bring the 384-well plate with the lid still in place to the plate reader [2]. Place it in the plate reader and read the plate [3]. Save the experiment in the pop-up window and export the data into a spreadsheet [4].
3.2.1. MED: Talent opening hanging drop sandwich. 
3.2.2. WIDE: Talent carrying plate to plate reader and putting it in. 
3.2.3. SCREEN: Talent initiating read.
3.2.4. SCREEN: Talent saving data and exporting it to spreadsheet.
3.3. Return the plate back to the 6-well base and place it in the incubator [1]. Once all time points have been read for the day, reseal the plate before incubating [2].
3.3.1. MED: Talent returning plate to 6-well base. 
3.3.2. MED: Talent resealing plate.

4. Analysis of Cancer Stem Cell Populations with Flow Cytometry 
4.1. To prepare spheroids for flow cytometry analysis, use a 1,000-microliter pipet to collect them from each well [1] and deposit them into a 15-milliliter conical tube for disaggregation [2]. Aliquot cell suspension into 5 microcentrifuge tubes so that each tube contains at least 50,000 cells [3].
4.1.1. CU: Talent collecting spheroids. 
4.1.2. CU: Talent depositing spheroids into the conical tube. 
4.1.3. MED: Talent transferring cell suspension into a microcentrifuge tube.
4.2. Centrifuge the tubes at 400 x g for 5 minutes in a microcentrifuge [1], then aspirate the supernatant and resuspend pellets in 100 microliters of ALDEFLUOR (pronounce ‘al-deh-floor’) Buffer [2]. Label the tubes according to manuscript directions [3]. 
4.2.1. MED: Talent placing tubes in centrifuge. 
4.2.2. CU: Talent aspirating supernatant and resuspending the cells. 
4.2.3. MED: Talent labeling tubes. 

4.3. Add 0.5 microliters of APC-isotype antibody to the APC-iso (Pronounce: A. P. C. – ISO) tube and 1 microliter of CD133 (Pronounce: C.D. one thirty-three) antibody to the ALDH-CD133 tube [1]. Then, add 5 microliters of DEAB (pronounce ‘D-E-A-B’) Reagent and 0.5 microliters of ALDH to the DEAB tube and 1 microliter of ALDH to the ALDH-CD133 tube [2]. 

4.3.1. CU: Talent adding antibody to the appropriate microcentrifuge tube. 
4.3.2. MED: Talent pipetting reagents into microcentrifuge tube.  NOTE: Authors indicate that shots 4.3.1 and 4.3.2 may have been taken as one shot, but they’re not sure.
4.4. Vortex all tubes for a few seconds and incubate them at 37 C for 45 minutes [1]. After the incubation, vortex all tubes again and centrifuge them at 400 x g for 5 minutes [2]. Label FACS (Pronounce: Fax) tubes according to manuscript directions [3] and fill an insulated foam container with ice [4]. 
4.4.1. MED: Talent vortexing tubes.
4.4.2. MED: Talent placing tubes in centrifuge.
4.4.3. MED: Talent labeling FACS tubes.
4.4.4. MED: Talent filling container with ice.

4.5. Aspirate the supernatant from the microcentrifuge tubes [1]. Then, resuspend the unstained control in 400 microliters of FACS Buffer [2] and the rest of the cells in 400 microliters of FACS DAPI (Rhymes with happy) Buffer [3]. Place the tubes on ice until they can be analyzed on a flow cytometer [4].

4.5.1. CU: Talent aspirating supernatant. 
4.5.2. CU: Talent resuspending the control.
4.5.3. MED: Talent adding buffer to the rest of the tubes.
4.5.4. MED: Talent placing tubes on ice.

5. FACS Data Analysis All Screen Shots to be provided by Authors

5.1. Use FlowJo to analyze the data from the flow cytometer [1]. Double click the unstained file and set the y-axis to side scatter height, or SSC-H, and the x-axis to forward scatter height, or FSC-H [2]. Click the T button next to each axis to adjust the scale and maximize separation between different cell populations [3].

5.1.1. SCREEN: FlowJo software opening.
5.1.2. SCREEN: Unstained file opening and axis being set.
5.1.3. SCREEN: Axis adjusted for maximum separation.

5.2. Next, click on the Polygon gating button, draw a polygon gate around the cell population, and label the population ‘Cells’ [1]. Double click the Cells population in the workspace and then change the FSC axis to FSC-width and the SSC axis to FSC-height [2]. 

5.2.1. SCREEN: Polygon gate drawn around cell population and labeled.
5.2.2. SCREEN: Axis being changed.

5.3. Choose the Rectangle gate tool and draw a rectangle around the left-most dense population of cells spanning the entire y-axis. Label this gate ‘Single Cells’ [1]. Then, right click and copy the Cells and the nested Single Cells gate and paste them under each sample in the workspace [2].

5.3.1. SCREEN: Rectangle drawn around appropriate cells and labeled.
5.3.2. SCREEN: Cells and Single Cells gate copied and pasted.

5.4. Double click the Single Cells gate nested under the DAPI sample to view the single cell population from that sample tube [1]. Change the FSC axis channel to the DAPI-Area channel and change the SSC axis channel to Histogram [2].

5.4.1. SCREEN: Single Cells gate being clicked.
5.4.2. SCREEN: Axis channels changed.

5.5. Click on the T button next to the DAPI axis and click on Customize Axis to adjust the scale and maximize separation between DAPI positive and DAPI negative peaks [1]. Click Apply in the pop-up window and choose the Range gate button. Spread it over the DAPI negative peak and label this gate ‘Live Cells’ [2].

5.5.1. SCREEN: Axis being adjusted.
5.5.2. SCREEN: Range gate applied and labeled.

5.6. Copy the ‘Live Cells’ gate and paste it under the ‘Single Cells’ gate under the ‘APC-iso’, ‘DEAB’, and ‘ALDH-CD133’ tubes to select the same portion of live cells in each tube [1]. Then, double click the Live Cells population nested under the APC-iso sample file and switch the x-axis to ALDH – Area and the y-axis to APC – Area [2].

5.6.1. SCREEN: ‘Live Cells’ gate being copied and pasted. 
5.6.2. SCREEN: X- and y-axis being changed.

5.7. [bookmark: _GoBack]Adjust the intersection of the gate such that approximately 0.5% of the population lies in the upper left of the plot window [1]. Rename the quadrants as desired, then copy and paste the quadrant gates onto the Live Cells population nested under the DEAB file and adjust the vertical line so that approximately 0.15% of the cell population lies within the ALDH+ (pronounce ‘A-L-D-H positive’) quadrant [2]. 

5.7.1. SCREEN: Intersection being adjusted. 
5.7.2. SCREEN: Quadrant gates renamed, gates copied/pasted, and vertical line adjusted.

5.8. Finally, copy and paste the quadrant gates to the ALDH-CD133 file’s ‘Live Cells’ population and evaluate cancer stem cell proportions based on ALDH and CD133 proportions [1].

5.8.1. SCREEN: Quadrant gates copied and pasted, ALDH+CD133+ population indicated. 








Section – Results
6. Results: Patient-Derived Cancer Stem Cells within 3D Hanging Drops
6.1. This protocol can be used for high-throughput analysis of patient-derived cancer stem cells [1]. As little as 10 cells per well can form reliable spheroids and as the cells proliferate the spheroids expand in size [2]. Proliferation capacity can be easily quantified with a resazurin-based fluorescence assay [3]. 
6.1.1. Figure 2.
6.1.2. Figure 2B. 
6.1.3. Figure 2C. 
6.2. The effect of drugs on spheroid morphology can be visualized with phase contrast imaging [1] and quantified by comparing resazurin fluorescence in untreated and treated cells [2]. Cell death can be validated via addition of calcein-AM (pronounce ‘Cal – seen – A. – M.’) and ethidium homodimer-1 followed by imaging on a confocal microscope [3]. 
6.2.1. Figure 3A.
6.2.2. Figure 3B.
6.2.3. Figure 3C.
6.3. Furthermore, spheroids can be harvested and dispersed into a single cell suspension for analysis with flow cytometry, which makes it possible to discern the effectiveness of different drug treatments on specific cell populations [1]. 
6.3.1. Figure 4.



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Catherine Snyder: To avoid droplet loss, medium evaporation and variation in spheroid size [2], it is important to handle your plates carefully, pipet with precision, and completely seal your hanging drop plates [1].
7.1.1. Use 2.3.2 and 2.4.1 
7.1.2. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.2. Caymen Novak: To evaluate changes in gene expression and soluble signaling due to drug treatment, single cell RNA sequencing and enzyme-linked immunosorbent assays can be used to facilitate the development of therapeutics.

7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.3. Caymen Novak: This technique allows researchers to explore intra- and interpatient heterogeneity as well as chemoresistance through high throughput drug screening of small biopsies.

7.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
7.4. Caymen Novak: When performing this protocol, be sure to wear all standard personal protective equipment including gloves, safety glasses, lab coats, pants, and close toed shoes.

7.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.




 2018, Journal of Visualized Experiments	Page 9 of 9
image1.png




