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Author Questionnaire 
1. We have marked your project as author-provided footage, meaning you film the video yourself and provide JoVE with the footage to edit. JoVE will not send the videographer. Please confirm that this is correct. 
√ Correct 
☐ Incorrect 

 2. Microscopy: Does your protocol require the use of a dissecting or stereomicroscope for performing a complex dissection, microinjection technique, or something similar? No  

3. Software: Does the part of your protocol being filmed include step-by-step descriptions of software usage? Yes

4. Proposed filming date: To help JoVE process and publish your video in a timely manner, please indicate the proposed date that your group will film here: 06/30/26


When you are ready to submit your video files, please contact our Content Manager, Utkarsh Khare. 


Current Protocol Length

Number of Steps: 22
Number of Shots: 58 (7 SC)

Interviews 

Authors: Please note that the questions will not appear on screen. Please answer in stand-alone full sentence with sufficient context.
Note: The statements have been slightly edited for clarity.
INTRODUCTION:
REQUIRED: Summarize your research focus and the main questions it aims to answer.
1.1. Minseok S. Kim: Our research develops automated liquid biopsy workflows to isolate rare circulating cells and determine how they drive cancer progression.
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Describe the research contexts or systems in which this protocol can be applied.
1.2. Minseok S. Kim: This protocol supports advanced liquid biopsy workflows, including rare cancer cell analysis and noninvasive prenatal testing from blood samples. 
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

CONCLUSION:
What does this protocol allow researchers to study or measure?
1.3. Minseok S. Kim: This protocol allows researchers to measure rare circulating cell recovery, morphology, phenotypes, and downstream single-cell molecular features.
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.


Are there any additional methods or analyses that can be performed following this procedure?
1.4. Minseok S. Kim: Following this procedure, researchers can perform immunostaining, single-cell retrieval, genomic analysis, or transcriptomic profiling.
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

How can future studies build on this work? Describe the questions or research directions that can be investigated next.
1.5. Minseok S. Kim: Future studies can test this protocol with large clinical samples and further improve rare-cell purity for downstream analyses.
1.5.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.

Ethics Title Card
This research has been approved by the Institutional Review Board (IRB) at Severance Hospital


Protocol  
2. Device Preparation and Cartridge Priming Prior to Cell Isolation
Demonstrator: Hyeong Jung Woo
2.1. To begin, turn on the instrument after engaging the laser interlock switch [1]. Launch the CTCeptor (C-T-Sept) operating software and ensure normal system initialization [2].
2.1.1. WIDE: Talent turning on the instrument. (Authors: Since the introductory shot is now changed, we have removed the talent opening the software on the computer shot, which we previously used for the introduction. Please film the current first shot at wide-angle, as the first introductory shot needs to be WIDE, as per journal guidelines.)
2.1.2. SCREEN: 1.1.2. .mp4. 00:05–00:18 
2.2. In the software interface, select Device Operation and under the Device Operation drop-down menu, choose Default [1]. In the Question dialog box, click Yes, then select Ready within the first method icon [2]. Click the play icon to start the progression of the first Default method for choosing the preset protocol for standard EDTA whole-blood samples [3].
2.2.1. SCREEN: 1.2.2. & 1.4.4. .mp4. 00:02–00:06
2.2.2. SCREEN: 1.2.2. & 1.4.4. .mp4. 00:07–00:11
2.2.3. SCREEN: 1.2.2. & 1.4.4. .mp4. 00:12–00:16; 00:40–00:44
2.3. Add 2 milliliters of Reagent A, or density gradient media from inlet 6 to the initial chamber [1] and 875 microliters from inlet 8 to the depletion chamber [2]. Load the cartridge onto the disc rack, ensuring proper balance for centrifugation [3].
2.3.1. Talent adding 2 milliliters of Reagent A density gradient media through inlet 6 into the initial chamber.
2.3.2. Talent adding 875 microliters of Reagent A through inlet 8 into the depletion chamber.
2.3.3. Talent mounting the cartridge onto the disc rack.
2.4. Press the Door button on the CTCeptor to open the mount [1]. Place the disc rack and use the fixing screws to secure it [2]. Next, close the mount by pressing the Door button [3]. Run the Spin Down step by clicking the Ready and play icons in the first default method setting on the CTCeptor software [4].
2.4.1. Talent pressing the Door button on the CTCeptor. 
2.4.2. Talent mounting the disc rack onto the CTCeptor and securing it with the fixing screws.
2.4.3. Talent pressing the Door button to close the mount.
2.4.4. SCREEN: 1.2.2. & 1.4.4. .mp4. 00:12–00:16; 00:40–00:46
2.5. After confirming that Reagent A has been transferred to the lower part of the initial chamber [1], release the fixing screws to remove the disc rack from the instrument while keeping the cartridge mounted [2].
2.5.1. Close-up shot of the Reagent A transferred to the lower part of the initial chamber. 
2.5.2. Talent releasing the fixing screws and removing the disc rack from the instrument while keeping the cartridge mounted.
3. RBC and WBC Removal from Blood Sample 
3.1. Remove the cartridge from the instrument [1] and inject 3 milliliters of blood into the initial chamber through inlet 6 [2]. After mounting and securing the disc rack onto the CTCeptor, run the second method, or RBCs Removal step in the software for approximately 40 minutes to separate plasma, red blood cells, and peripheral blood mononuclear cells within the cartridge by centrifugation [3]. For subsequent leukocyte depletion, the peripheral blood mononuclear cell-containing fraction is transferred to the next chamber [4].
3.1.1. Talent removing the cartridge from the instrument.
3.1.2. Talent injecting 3 milliliters of blood through inlet 6 into the initial chamber.
3.1.3. SCREEN: 2.1.3. .mp4. 00:02–00:12; 00:39–00:46 
3.1.4. Shot of the peripheral blood mononuclear cell-containing fraction transferring to the next chamber.
3.2. After completion of the RBCs Removal step, remove the disc rack from the instrument [1]. Carefully disinfect the working area to maintain sterility [2]. Vortex Reagent B, or leukocyte isolation beads, to obtain a homogeneous suspension [3].
3.2.1. Talent removing the disc rack from the instrument.
3.2.2. Talent disinfecting the working area.
3.2.3. Talent vortexing Reagent B leukocyte isolation beads.
3.3. Prepare the washing buffer by mixing calcium- and magnesium-free Dulbecco's phosphate-buffered saline, or DPBS (D-P-B-S) with 0.1 percent bovine serum albumin, or BSA (B-S-A) and 2 millimolar EDTA at pH 7.4 [1]. Transfer the desired volume of Reagent B into a 1.5-milliliter tube, using 50 microliters per cartridge [2].
3.3.1. Talent preparing the washing buffer by mixing the specified reagents.
3.3.2. Talent transferring the desired volume of Reagent B into a 1.5-milliliter tube.
3.4. Add the washing buffer at 5 times the Reagent B volume [1]. After gentle mixing, place the tube on a magnetic stand for 1 minute to allow the beads to collect [2]. 
3.4.1. Talent adding the washing buffer to the tube containing Reagent B.
3.4.2. Talent placing the tube on a magnetic stand.
3.5. Post discarding the supernatant, resuspend the beads in the washing buffer at a volume equal to the initial bead volume and store at 4 degrees Celsius until use [1]. Immediately before use, mix 50 microliters of the prepared beads with 50 microliters of DPBS [2] and load 100 microliters of the mixture into inlet 7 [3].
3.5.1. Talent resuspending the beads in the washing buffer.
3.5.2. Talent mixing 50 microliters of the prepared beads with 50 microliters of DPBS.
3.5.3. Talent loading 100 microliters of the mixture into inlet 7.
3.6. Secure the disc rack onto the CTCeptor with fixing screws [1]. Run the third, or WBCs Removal, step in the software interface for approximately 50 minutes to bind the loaded leukocyte isolation beads to the peripheral blood mononuclear cell-containing fraction, followed by centrifugation-based removal of the bead-bound white blood cell fraction [2]. Next, remove the disc rack from the instrument [3]. 
3.6.1. Talent mounting the disc rack onto the CTCeptor and securing it with the fixing screws.
3.6.2. SCREEN: 2.6.2. .mp4. 00:02–00:15; 00:50–01:02 
3.6.3. Talent removing the disc rack from the instrument.

4. Sample Recovery and Circulating Rare Cells Identification
4.1. For sample recovery, insert a pipette tip into outlet 9 of the final chamber and resuspend the contents [1]. Transfer the collected sample to a 15-milliliter tube [2]. Rinse outlet 9 twice with 2 milliliters of DPBS per wash [3] and pool all fractions into the same tube [4].
4.1.1. Talent inserting a pipette tip into outlet 9 and resuspending the contents of the final chamber.
4.1.2. Talent transferring the collected sample to a 15-milliliter tube.
4.1.3. Talent injecting 2 milliliters of DPBS into outlet 9.
4.1.4. Talent rinsing the chamber by pipetting and transferring the wash to the same 15-milliliter tube.
4.2. Adjust the volume of the collected fluid in the tube to 14 milliliters with DPBS [1]. Following gentle mixing, centrifuge the tube at 380 g for 4 minutes at room temperature [2]. Carefully remove the supernatant, leaving approximately 1 milliliter, and use it for downstream analysis [3].
4.2.1. Talent adjusting the volume in the 15-milliliter tube to 14 milliliters with Dulbecco's phosphate-buffered saline.
4.2.2. Talent placing the 15-milliliter tube in the centrifuge.
4.2.3. Talent removing the supernatant while leaving approximately 1 milliliter in the tube.
4.3. For hydrogel-based immobilization of circulating rare cells, or CRC (C-R-C), prepare the pre-hydrogel polymer [1] by mixing the components [2]. Next, mix 270 microliters of pre-hydrogel polymer with 870 microliters of CRC suspension [3].
4.3.1. Talent mixing the pre-hydrogel polymer components
4.3.2. TEXT ON A PLAIN BACKGROUND
Pre-hydrogel Polymer Components					Ratios
	Calcium and Magnesium-free DPBS					80
Hydrogel pellicle immunocytochemistry solution A prepolymer 	20
Photoinitiator 							1 
4.3.3. Talent mixing 870 microliters of CRC suspension with 270 microliters of pre-hydrogel polymer.
4.4. Transfer the mixture to the hydrogel pellicle immunocytochemistry, or HyPICC (Hi-picc) chamber [1] and centrifuge at 1700 g for 3 minutes to allow the cells to settle in the platform [2]. 
4.4.1. Talent transferring the mixture to the hydrogel pellicle immunocytochemistry chamber.
4.4.2. Talent placing the hydrogel pellicle immunocytochemistry chamber into the centrifuge.
4.5. Insert the thickness controller into the HyPICC chamber to set the hydrogel thickness [1]. Irradiate the sample with ultraviolet light at 365 nanometers for 20 to 30 seconds from the bottom to cross-link the hydrogel layer [2]. After removing the thickness controller, wash the hydrogel-encapsulated cells 3 times with 1 milliliter of DPBS per wash [3]. 
4.5.1. Talent inserting the thickness controller into the hydrogel pellicle immunocytochemistry chamber.
4.5.2. Talent irradiating the sample with ultraviolet light from the bottom of the chamber.
4.5.3. Talent washing the hydrogel-encapsulated cells with Dulbecco's phosphate-buffered saline. 
4.6. For CRC identification by immunostaining, fix the cells with 400 microliters of 4 percent paraformaldehyde for 10 minutes at room temperature [1]. After washing 3 times with 1 milliliter DPBS for 10 minutes each, permeabilize the cells with 400 microliters of 0.05 percent Triton X-100 for 10 minutes at room temperature [2]. 
4.6.1. Talent adding 4 percent paraformaldehyde to the hydrogel-encapsulated cells.
4.6.2. Talent adding 0.05 percent Triton X-100 to the samples.
4.7. Following DPBS wash, block the samples with 400 microliters of 2 percent bovine serum albumin, or BSA (B-S-A) for 1 hour at room temperature [1]. Next, incubate overnight at 4 degrees Celsius, with 400 microliters of CD45 (C-D-fortyfive) and panCK (pan-C-K) primary antibodies at 1 to 300 dilution in 2 percent BSA [2]. 
4.7.1. Talent adding 2 percent bovine serum albumin to the samples.
4.7.2. Talent placing the samples into storage for primary antibody incubation.
4.8. Following 5 washes with DPBS for 20 minutes each, stain the nuclei with Hoechst for 10 minutes at room temperature [1]. Again, wash thrice with DPBS for 10 minutes each [2].
4.8.1. Talent adding Hoechst stain to the samples.
4.8.2. Talent washing the samples with Dulbecco's phosphate-buffered saline.
4.9. After primary antibody incubation, proceed directly to imaging if fluorescently conjugated antibodies are used, or perform secondary antibody staining, if needed [1].
4.9.1. Talent placing the sample on the fluorescence microscope for imaging.
4.10. For multiplex immunostaining, prepare a quenching solution containing 4.5 percent hydrogen peroxide and 24 millimolar sodium hydroxide in PBS [1], and add 1 milliliter to the HypICC chamber after removing the DPBS [2]. Incubate for 1 hour at room temperature under white light with shaking [3]. 
4.10.1. Talent preparing the quenching solution.
4.10.2. Talent adding the quenching solution to the chamber.
4.10.3. Talent placing the chamber under white light for incubation.
4.11. Replace the quenching solution and incubate for an additional 1 hour under the same conditions [1]. Wash the samples 4 times with DPBS for 10 minutes each, then repeat the immunostaining procedure [2].
4.11.1. Talent replacing the quenching solution in the chamber.
4.11.2. Talent washing the samples with DPBS.


Results
5. Results 

5.1. Recovery and WBC depletion performance of spiked cancer and fibroblast cell lines using the rare cell isolation disc demonstrated 90 percent recovery rate for cancer cells [1] and 86 percent for fibroblast cells [2]. 
5.1.1. LAB MEDIA: Figure 2A. Video Editor: Please emphasize the bar labelled “Cancer cell”
5.1.2. LAB MEDIA: Figure 2A. Video Editor: Please emphasize the bar labelled “Fibroblast”
5.2. Comparison of cell morphology and size distribution of recovered cells stained with green CMFDA (C-M-F-D-A) and DAPI (dah-pee) showed that the fibroblast cells exhibited greater size heterogeneity [1] than the cancer cells [2]. 
5.2.1. LAB MEDIA: Figure 2E. Video Editor: Please emphasize the cells with values 56.8 µm and 13.0 µm.
5.2.2. LAB MEDIA: Figure 2D. Video Editor: Please emphasize the cells with uniform size.
5.3. Representative fluorescence images of isolated cells stained with DAPI, keratin, and beta actin after conventional smear-based- and hydrogel-based immunocytochemistries demonstrated a more intact cellular morphology [1] and clear visualization of DAPI with hydrogel-based method [2]. 
5.3.1. LAB MEDIA: Figure 3B. Video Editor: Please emphasize the “Merge” channel in the HyPICC and Smear rows sequentially.
5.3.2. LAB MEDIA: Figure 3B. Video Editor: Please emphasize the brightness of the “DAPI” channel in HypICC row compared to Smear row.
5.4. Representative immunocytochemistry images of CRC from lung cancer patients show that circulating tumor cells were identified as keratin-positive [1] and CD45 (C-D-forty-five)-negative [2], whereas circulating cancer-associated fibroblasts were identified as cells expressing alpha smooth muscle actin [3] and fibroblast activation protein [4]. 
5.4.1. LAB MEDIA: Figure 4A. Video Editor: Please emphasize the green fluorescence in the panCK panel.
5.4.2. LAB MEDIA: Figure 4A. Video Editor: Please emphasize the absence of red fluorescence in the CD45 panel.
5.4.3. LAB MEDIA: Figure 4C. Video Editor: Please emphasize the red fluorescence in the SMA panel in the top row.
5.4.4. LAB MEDIA: Figure 4C. Video Editor: Please emphasize the green fluorescence in the FAP panel in the bottom row.
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