[image: ]FINAL SCRIPT: APPROVED FOR FILMING

Submission ID #: 59677
Scriptwriter Name: Bridget Colvin
Project Page Link: http://www.jove.com/files_upload.php?src=18201533

Title: Micromanipulation of Circulating Tumor Cells for Downstream Molecular Analysis and Metastatic Potential Assessment 

Authors and Affiliations: Cinzia Donato1,*, Barbara M. Szczerba1,*, Manuel C. Scheidmann1,*, Francesc Castro-Giner1,2, and Nicola Aceto1
*These Authors contributed equally to the work

1Cancer Metastasis Laboratory, Department of Biomedicine, University of Basel and University Hospital Basel
2SIB Swiss Institute of Bioinformatics

Corresponding Author:
Nicola Aceto			
Nicola.Aceto@unibas.ch

Email addresses for Co-authors: 
cinzia.donato@unibas.ch 
barbara.szczerba@unibas.ch 
manuel.scheidmann@unibas.ch
francesc.castro@unibas.ch   

Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol include software usage? 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. Please upload all screen captured files to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.4., 2.15., 2.16.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
The most critical steps are calibration (2.12.) and picking (2.17.).
5. Will the filming need to take place in multiple locations? N


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

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

1.1. Cinzia Donato: This protocol is particularly relevant because it allows the detection and selection of single cells from a pool of mixed cells for subsequent downstream analysis at a single-cell resolution [1].

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

1.2. Cinzia Donato: The main advantage of this technique is the potential to separate individual circulating tumor cells, or CTC, from blood cells for a range of analyses that require a high purity [1]. 

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

Introduction of Demonstrator (Said by you on camera):

1.3. Cinzia Donato: Demonstrating the procedure will be Barbara Szczerba, a PhD student of our laboratory [1][2].

1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera



Section - Protocol
2. Circulating Tumor Cell (CTC) Micromanipulation and Single-Cell Picking
2.1. Begin by starting up the micromanipulator software [1] and switching on the micromanipulator [2].
2.1.1. WIDE: Talent starting software
2.1.2. MED: Talent starting micromanipulator
2.2. Connect the micromanipulator to the computer [1] and click Connect and Int device to initialize the robotic arm and the microscope stage [2].
2.2.1. MED: Talent connecting micromanipulator to computer
2.2.2. SCREEN: To be provided by Authors: Connect and Int device being pressed
2.3. Clean the external and internal surfaces of the protective cabinet with ethanol [1] and close the protective cabinet after every manipulation of the machine to be able to maneuver the device through the computer [2].
2.3.1. MED: Talent wiping surface(s)
2.3.2. MED: Talent closing cabinet
2.4. Install a new 20-30-micrometer glass capillary on the robotic arm [1] and flush system oil through the system to remove any bubbles in the tubing [2].
2.4.1. MED: Talent installing capillary onto arm 
2.5. Fill sterilization tank 1 with 70% ethanol [1], sterilization tank 2 with sterile, nuclease-free water [2], and the buffer tank with sterile Dulbecco’s PBS [3]. 
2.5.1. MED: Talent filling tank with ethanol, with ethanol container visible in frame
2.5.2. MED: Talent filling tank with water
2.5.3. MED: Talent filling tank with DPBS, with DPBS container visible in frame
2.6. Sterilize the capillary two times with 70% ethanol [1] and replace sterilization tank 1 with sterilization tank 2 [2] to use the sterilization function to wash the capillary in water at least three times [3].
2.6.1. CU: Capillary being sterilized with ethanol
2.6.2. MED: Talent replacing tank 1 with tank 2
2.6.3. CU: Capillary being washed with water 
2.7. In the micromanipulator software, start a new experiment [1] and select the type of picking experiment from the automatic and the manual selection modes [2].
2.7.1. MED-over the shoulder: Talent at computer, starting new experiment, with monitor visible in frame 
2.7.2. SCREEN: To be provided by Authors: Picking experiment type being selected
2.8. Configure the deck tray to specify the positions of the sterilization tank, buffer tank, and depositing tray and set the temperature of the liquid tanks and the selected depositing tray to 4 degrees Celsius [1].
2.8.1.  SCREEN: To be provided by Authors: Tray being configured, then temperature being set
2.9. Position an ultra-low attachment plate containing the released CTC solution under the microscope inside the micromanipulator cabinet [1], remove the lid from the plate [2], and close the cabinet [3-TXT].
2.9.1. MED: Talent placing plate under microscope
2.9.2. CU: Lid being removed
2.9.3. MED: Talent closing cabinet TEXT: Keep plate at RT for rest of setup/picking procedure
2.10. Centrifuge a 384-well plate containing 20 microliters of CTC culture medium per well to ensure that the medium is sequestered at the bottom of each well [1-TXT] and place the plate into the target 1 position of the 4-degree Celsius selected depositing tray [2].
2.10.1. MED: Talent placing plate into centrifuge TEXT: 4 min, 72 x g, RT
2.11. Manually select the microscope objective for picking [1] and the exposure time of all of the necessary channels [2].
2.11.1. MED: Talent selecting objective
2.11.2. MED: Talent setting exposure time(s) 
2.12. Select show well navigator to visualize and select the type of pickup plate. Then calibrate a pickup position in the middle of the well containing the CTC solution without cells in the center of the field of view [1].
2.12.1. SCREEN: To be provided by Authors: Show well navigator being selected, then type of plate being selected, then pickup position being calibrated
2.13. Use the sensor to gently touch the bottom of the plate with the capillary [1] and set the pickup position to 0.05 millimeters above the bottom of the plate [2].
2.13.1. ECU: Sensor gently touching bottom of plate OR SCREEN: To be provided by Authors: Sensor gently touching bottom of plate
2.13.2. SCREEN: To be provided by Authors: Pickup position being set
2.14. Barbara Szczerba: Carefully lower the robotic arm by 10 micrometers at a time to avoid damaging the capillary [1].

2.14.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
2.15. Select the cell type and picking parameters. For single-cell picking, select the manual mode [1].
2.15.1. SCREEN: To be provided by Authors: Cell type being selected, then manual mode being selected
2.16. Use the joystick to navigate the glass capillary within the well [1] and place the capillary on top of a single cell of interest at least 1 millimeter from the well border [2]. 
2.16.1. MED: Talent using joystick, with capillary moving in well visible in frame as possible Author comment: That was not possible to show in the same frame. Movement of the capillary was not recorded today.
2.16.2. ECU/SCREEN: To be provided by Authors: Capillary being placed on top of single cell
2.17. Then manually add particles [1] and select pick activated particles to start the picking [2-TXT].
2.17.1. ECU/SCREEN: To be provided by Authors: Particle being added
2.17.2. SCREEN: To be provided by Authors: Pick activated particles being selected TEXT: Cells must be picked w/in 2 h from end of staining
2.18. When all of the cells have been picked, centrifuge the plate to sediment the cells at the bottom of each well [1-TXT].
2.18.1. MED: Talent placing plate into centrifuge TEXT: 4 min, 72 x g, RT


Section – Results
3. Results: Representative Downstream Molecular Analysis and Metastatic Potential Assessment of Single-Cell Picked CTC 

3.1. Live immunostaining with anti-epithelial cell adhesion molecule antibody [1] allows the visualization of cancer cells in the suspension with an accurate distinction from CD45 (C-D-forty-five)-positive events [2].

3.1.1. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize at least one green cell
3.1.2. LAB MEDIA: Figure 2A: JoVE Video Editor please emphasize at least one red cell

3.2. Precise CTC isolation is characterized by the aspiration of only the desired target [1] without the surrounding contaminant cells [2].

3.2.1. LAB MEDIA: Figure 2C Before image without black arrow: JoVE Video Editor please emphasize cell cluster indicated by black arrow 
3.2.2. LAB MEDIA: Figure 2C After image without black arrow: JoVE Video Editor please emphasize unwanted cells at top, right, and left of image 

3.3. As suspected, CTC clusters demonstrate [1] an increased survival compared to single CTCs [2], giving rise to cell colonies within 56 days of in vitro culture [3].

3.3.1. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize CTC cluster data line
3.3.2. LAB MEDIA: Figure 3A: JoVE Video Editor please emphasize Single CTC data line
3.3.3. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize CTC cluster data bar

3.4. Notably, CTC clusters also exhibit a higher proliferation rate and thus reach higher final cell numbers [1], indicating that the direct contact with other tumor cells has an impact on both tumor cell viability and proliferation rate [2].

3.4.1. LAB MEDIA: Figure 3C: JoVE Video Editor please emphasizes CTC clusters column

3.5. Single-cell RNA sequencing of CTCs directly isolated from breast cancer patients [1] reveals a t-Distributed Stochastic Neighbor Embedding of single cells [2] derived from single CTCs, CTC clusters [3], or CTC-white blood cell clusters [4].

3.5.1. LAB MEDIA: Figure 4
3.5.2. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize square data points
3.5.3. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize circle data points
3.5.4. LAB MEDIA: Figure 4: JoVE Video Editor please emphasize triangle data points



Section - Conclusion
4. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
4.1. Manuel Scheidmann: Remember to correctly install the glass capillary, to remove air bubbles within the fluidic system of the micromanipulator, and to calibrate the pickup position to ensure an efficient single-cell picking (steps: 2.4., 2.12., 2.13.) [1].
4.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
4.2. Manuel Scheidmann: The single cells can be seeded or further processed for next-generation sequencing to enable ex vivo analysis and CTC characterization at a single-cell resolution to investigate the metastatic process [1].
4.2.1. [bookmark: _GoBack]INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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