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Author Questionnaire:
1. Microscopy: Does your protocol require JoVE to film through your microscope? N
2. Does your protocol demonstrate 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 the requested screen capture file to your project page.
3. Which steps from the protocol section below are the most important for viewers to see? 
2.5., 2.8., 3.5., 3.6., 4.1., 4.3., 4.8.
4. What is the single most difficult aspect of this procedure and what do you do to ensure success? 
4.3.
5. Will the filming need to take place in multiple locations (greater than walking distance)? 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. Léa Payen-Gay: Based on microfluidic technology, this protocol enables the isolation and characterization of CTCs from whole blood, does not require the use of CTC-specific biomarkers, and is compatible with cell culture [1]. 

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

1.2. Jessica Garcia: This technique facilitates a high rate of CTC extraction and provides an extensive cytological analysis of the CTCs by evaluating malignant cytomorphological characteristics [1].

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. Léa Payen-Gay: PD-L1 expression by CTCs has a predictive value in lung cancer immunotherapy. Improvement of its detection using this test could promote better patient management in the long-term [1].  

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

1.4. Jessica Garcia: Other applications of this protocol include detecting genetic aberrations using FISH and conducting transcriptomic analyses on CTCs, as well as isolating cells of fetal origin in mothers [1]. 

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

Introduction of Demonstrator (Said by you on camera):

1.5. Léa Payen-Gay: Demonstrating the procedure will be Julie Balandier, a technician from my laboratory [1][2]. 

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



Section - Protocol
2. Pre-Analytical Circulating Tumor Cells (CTC) Enrichment from Patient Whole Blood Samples
2.1. For pre-analytical circulating tumor cell enrichment, first collect 7.5 milliliters of blood into a potassium-EDTA tube [1] and keep the sample under gentle agitation to avoid cell sedimentation and clotting [2]. 
2.1.1. WIDE: Talent entering lab with blood sample OR Talent placing tube of blood onto bench
2.1.2. Tube being agitated
2.2. Within 6 hours of collection, use a serological pipette under a microbiological safety cabinet to transfer up to 7.5 milliliters of whole blood into a new 50-milliliter centrifuge tube [1] and centrifuge the sample for 10 minutes at 1600 x g at room temperature [2].
2.2.1. Talent adding blood to tube
2.2.2. Talent placing tube into centrifuge

2.3. At the end of the centrifugation, use a transfer pipette to collect the plasma fraction without disturbing the buffy coat [1] and dilute the plasma with an equivalent volume of PBS up to 7.5 milliliters [2].

2.3.1. Shot of layers, then plasma fraction being collected
2.3.2. PBS being added and mixed with the sample, with PBS container visible in frame

2.4. Next, carefully add red blood cell lysis buffer to the blood sample to a final volume of 30 milliliters [1-TXT] and gently invert the blood collection tube three times [2] before placing the tube at room temperature for 10 minutes [3-TXT].

2.4.1. RBC lysis buffer being added to tube, with RBC lysis buffer container visible in frame TEXT: See text for all solution preparation details
2.4.2. Tube being inverted
2.4.3. Talent setting time, with tube at RT visible in frame TEXT: If sample does not appear dark red, invert x3 and incubate 5 min
2.4.4. Sample is transfered to Corning Tube

2.5. At the end of the incubation, collect the cells by centrifugation [1-TXT] and carefully remove all but the last 4-5 milliliters of supernatant [2].

2.5.1. Talent placing tube(s) into centrifuge TEXT: 10 min, 500 x g, RT
2.5.2. Shot of supernatant and pellet (if visible), then supernatant being removed Videographer: Important step

2.6. Use a filtered micropipette to remove the remaining supernatant [1] and use a P1000 micropipette with a filtered tip to add 1 milliliter of resuspension buffer down the wall of the tube [2].

2.6.1. Supernatant being removed
2.6.2. RSB being added to tube wall, with RSB container visible in frame

2.7. To avoid introducing bubbles, resuspend the cell pellet with gentle pipetting until the sample is homogeneous [1].

2.7.1. Sample being pipetted

2.8. When the pellet has been resuspended, add an additional 3 milliliters of resuspension buffer to the wall of the tube without introducing bubbles [1] and gently mix the cells again [2-TXT].

2.8.1. RSB being added to tube wall, with RSB container visible in frame Videographer: Important step
2.8.2. Sample being pipetted Videographer: Important step TEXT: Remove any large or excessive bubbles

3. Spiral Microfluidic Device CTC Enrichment

3.1. For spiral microfluidic device circulating tumor cell enrichment, first load a new spiral microfluidic chip onto the device [1] and load one empty 50-milliliter centrifuge tube into each of the input and output ports [2].

3.1.1. WIDE: Talent loading chip onto device
3.1.2. Talent loading tube(s)

3.2. Click Prime to prime the spiral microfluidic device for 3 minutes [1], removing the input and output tubes at the end of the cycle [2].

3.2.1. Talent clicking prime
3.2.2. Tube(S) being removed

3.3. Load the resuspended blood sample into the input port [1] and load a clear 15-milliliter conical tube into the output port [2].

3.3.1. Talent loading blood into input port
3.3.2. Talent loading tube into output port 

3.4. Then click Run and select Program 3 to initiate the 31-minute circulating tumor cell enrichment program [1].

3.4.1. Talent clicking Run and Program 3

3.5. At the end of the cycle, transfer the output tube to the centrifuge [1-TXT] and use a 5-milliliter serological pipette to remove all about the last 2 milliliters of the supernatant [2].

3.5.1. Talent placing tube(s) into centrifuge TEXT: 10 min, 500 x g, acceleration: 9, deceleration: 5
3.5.2. Shot of supernatant and pellet, then supernatant being removed Videographer: Important step

3.6. Then use a micropipette to remove all but the last 100 microliters of supernatant [1].

3.6.1. Supernatant being removed Videographer: Important step
3.6.2. The pellet is resuspended with a micropipette

4. Immunofluorescence (IF) Staining

4.1. For immunofluorescence staining, count the cells in a hemocytometer [1] and dilute the enriched sample to a 1x105 cells/100 microliters of 0.2% anti-binding solution concentration [2].

4.1.1. WIDE: Talent adding aliquot to hemocytometer Videographer: Important step
4.1.2. Talent adding solution to cells, with solution container visible in frame Videographer: Important step

4.2. Next, use a cotton swab soaked with 50 microliters of anti-binding solution to moisten the contour of the sample chamber [1] and place a polylysine glass slide in the sample chamber [2].

4.2.1. Contour being wiped
4.2.2. Slide being placed into chamber

4.3. Close the chamber [1] … and pipet up and down three times to coat a micropipette tip with the binding solution [2] before resuspending the sample in the last 100 microliters of the supernatant [3].

4.3.1. Chamber being closed 
4.3.2. Tip being coated Videographer: Important/difficult step
4.3.3. Sample being resuspended Videographer: Important/difficult step

4.4. Transfer the cell solution to the sample chamber [1] and cytospin the sample in a dedicated centrifuge at 400 rotations per minute for 4 minutes at a low acceleration [2].

4.4.1. Talent adding sample to chamber
4.4.2. Talent loading chamber into cytospin

4.5. At the end of the centrifugation, place a silicon isolator around the area of deposition [1] and let the slide dry under a microbiological safety cabinet for 2 minutes [2].

4.5.1. Chamber is opened of the cytospin and Isolator being placed around cells
4.5.2. Talent placing slide into BSC 

4.6. Then fix the cytospun sample with 100 microliters of 4% paraformaldehyde for 10 minutes at room temperature [1] followed by three, 2-minute washes with 200 microliters of PBS per wash at room temperature [2].

4.6.1. PFA being added to cells, wth PFA container visible in frame
4.6.2. Remove PFA and Slide being added to PBS, with PBS container visible in frame

4.7. After the last wash, block any non-specific binding with a 30-minute incubation in blocking reagent at room temperature [1] followed by labeling with 100 microliters of the antibody solution of interest [2-TXT].

4.7.1. Remove the PBS and Blocking reagent being added to slide, with blocking reagent container visible in frame
4.7.2. Remove the blocking reagent and Antibody being added to slide, with antibody container label(s) visible in frame TEXT: See text for Ab suggestion and concentration details

4.8. Place the labeled slide in a 100- x 15-milliliter Petri dish on a piece of absorbent paper moistened with 2 milliliters of sterile water [1] and place the dish, closed, at 4 degrees Celsius overnight protected from light [2].

4.8.1. Talent placing slide into dish Videographer: Important step
4.8.2. Talent placing dish at 4 °C protected from light Videographer: Important step

4.9. The next morning, wash the sample three times with PBS as demonstrated [1] and mount the sample with 10 microliters of an appropriate mounting solution and a glass coverslip [2].

4.9.1. Remove antibody mix and Talent adding slide to PBS, with PBS container visible in frame
4.9.2. Let’s dry the sample 2 min into BSC
4.9.3. Coverslip being placed onto slide, with mounting solution container visible in frame

4.10. Then seal the coverslip with clear nail polish [1].

4.10.1. Nail polish being applied

5. IF Image Acquisition and Analysis

5.1. To image the cytospun samples, load the slide onto a straight fluorescent microscope with an X-Y motorized platform [1] and select a 20x objective and the appropriate channels according to the fluorophores used for the antibody labeling [2].

5.1.1. WIDE: Talent loading slide onto stage
5.1.2. Talent looking through objective and/or channels

5.2. Turn on the mercury lamp [1-TXT] and adapt the microscope and associated software to a semi-automatized shoot [2].

5.2.1. Talent turning on lamp TEXT: Allow lamp to warm up for 15 min
5.2.2. Talent adapting microscope and/or software

5.3. When the lamp is ready, in the Acquisition menu, define the four channels [1], set the exposure time, and define the tiles to scan [2].

5.3.1. SCREEN: 59873_6.3 & 6.4: 00:13-00:20
5.3.2. SCREEN: 59873_6.3 & 6.4: 00:30-00:36 

5.4. Click Tiles and Advanced experiment [1] and define the area to scan. 

5.4.1. SCREEN: 59873_6.3 & 6.4: 00:39-00:44
5.4.2. SCREEN: 59873_6.3 & 6.4: 01:53-01:59

5.5. Then adjust the focus on the screen and click Start experiment [1].

5.5.1. SCREEN: 59873_6.3 & 6.4: 02:20-02:28

5.6. At the end of the experiment, export the TIF files for each channel and specifically name the file to include the sample, number of times, dye, and number of sub-tiles [1].

5.6.1. SCREEN: 59873_6.5: 00:10-00:40

5.7. For image analysis, open the image analysis software from the Broad Institute website [1] and click File, Pipeline from file, and Analysis_4channels_CTC [2].

5.7.1. SCREEN: 59873_7.1: 00:35-40
5.7.2. SCREEN: 59873_7.1: 00:42-00:49

5.8. Drop files into the File list [1] and update the metadata to group the files by tiles [2].

5.8.1. SCREEN: 59873_7.2: 00:09-00:18
5.8.2. [bookmark: _GoBack]SCREEN: 59873_7.2: 00:19-00:24
5.8.3. SCREEN: To be provided by Authors: View Output settings being clicked, then default output being specified

5.9. Then click Analyze Images to an open the spreadsheet file corresponding to the measure_intensity parameters [1].

5.9.1. SCREEN: 59873_7.3-t5: 00:18-28



Section – Results
6. Results: Representative CTC Characterization and Enumeration
6.1. Without the optimized decontamination protocol [1], high bacterial contamination is observed in tissue cultures of enriched A549 (A-five-four-nine) cell lines after only 24 hours, causing death and cytomorphological changes in the eukaryotic cells [2].
6.1.1. LAB MEDIA: Figure 1B
6.1.2. LAB MEDIA: Figure 1B: JoVE Video Editor please emphasize Without sterilization workflow D1 image
6.2. In contrast, after the cleaning protocol, living A549 cells are obtained in 2D cultures after 10 hours of tissue culture and medium removal [1], under 3D culture conditions [2], and within patient samples [3].
6.2.1. LAB MEDIA: Figure 1B: JoVE Video Editor please emphasize With sterilization workflow D1 2D culture image
6.2.2. LAB MEDIA: Figure 1B: JoVE Video Editor please emphasize With sterilization workflow D3 3D culture image
6.2.3. LAB MEDIA: Figure 1C
6.3. Using a liquid immunofluorescence staining assay [1] or an immunofluorescence staining assay on polylysine-coated slides with cytospin, a clear distinction in the number of nuclei enumerated between the two assays can be observed [2].
6.3.1. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize blue signal in Liquid IF image
6.3.2. LAB MEDIA: Figure 3B: JoVE Video Editor please emphasize blue signals in PL IF + cytospin image
6.4. Without the cytospin step, it is difficult to differentiate the white blood cells from the tumor cells due to the blurry outlines in the non-cytospin cell preps [1].
6.4.1. LAB MEDIA: Figure 3C: JoVE Video Editor please emphasize cells/blue signals in Without cytospin image 
6.5. Here different representative findings from different patient samples can be observed [1], with the residual count of the white blood cells in particular determined to be strongly variable and dependent on the whole blood sample [2].
6.5.1. LAB MEDIA: Table 1
6.5.2. LAB MEDIA: Table 1: JoVE Video Editor please emphasize CD45+ data column
6.6. A high variability was also observed in the circulating tumor cell sub-populations obtained [1].
6.6.1. LAB MEDIA: Table 1: JoVE Video Editor please emphasize Cell subtypes (CD45-) data columns
6.7. Each cell on the cytospin is identified by the image analysis software and enables the tracking of cell and manually to confirm the results, as necessary [1].
6.7.1. LAB MEDIA: Figure 4
6.8. Indeed, a pilot analysis demonstrated a concordance between the manual enumeration [1] and the image analysis software enumeration [2].
6.8.1. LAB MEDIA: Table 2: JoVE Video Editor please emphasize Manual count rows
6.8.2. LAB MEDIA: Table 2: JoVE Video Editor please emphasize Cell_Profiler rows





Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.
7.1. Jessica Garcia: (Step 4f.8.) The setup of the in-house designed, damp Petri dish for the protein-antibody hybridization is critical, as the device must remain sufficiently damp throughout the entire incubation period [1]. 
7.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera
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