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Abstract

Liquid biopsy is a diagnostic method using free substances in body fluids. It has been found that liquid
biopsy contributes to the selection of diversifying treatment methods and diagnosis of early-stage
diseases. CTC, which is among the liquid biopsy, carries a lot of genomic and proteome information. Its
expected value for clinical application is as high as ctDNA and microRNA. However, due to its rarity,
CTC cannot be efficiently sorted by existing technologies. Also, its affinity with trace molecule analysis
platforms is low. Hence its association to clinical research have yet to be achieved.

In this study we aim to put into practical use a single cell sorting device “Rare Cell Sorter”, that simply
and effectively isolates rare cells from among miscellaneous cells at the single cell level. This research
extracted three tasks: (1) development of an automated system for separating CTC from whole blood, (2)
improvement of single cell separation technology, and (3) evaluation of efficacy by medium-sized clinical
trials.

Dr. Masuda of Medridge Co. was in charge of the development of the automation system to isolate CTC.
The Rare Cell Sorter, flows whole blood (cell suspension) onto a microfluidic chip with micropillars with
a diameter of 18 pm to sort cells, detects specific cells trapped in between the pillars (7 pm), and separates
the detected cells into PCR tubes individually using a micropipette. Here, complicated manual operations
of existing prototype machines were eliminated and an autonomous system was constructed from
calibrating the surface of microfluidic chips to cell isolation and cell picking. He also established a mass
production system by changing the material of open-microfluidic chip from silicone to propylene resin.

Prof. Arai of university of Tokyo was responsible for improving single cell isolation technology. Mainly
examined and improved the micro pipette system and the optimum conditions of the surrounding
environment, and thus improved single cell isolation ability. Specifically, he established a high-precision
micropipette system by combining a piezoelectric-driven micropump and a syringe pump. As a result,
the success rate of cell sorting and the average cell purity improved to 98% (n = 50) and 90.0% (N = 39),
respectively. In addition, the collected cells had RNA integrity that enabled single-cell RNA sequencing.

Finally, Prof. Matsusaka of Tsukuba university was responsible for evaluating the efficacy of mid-scale
clinical tests. He evaluated the clinical efficacy of CTC in 67 cases of pancreatic cancer, 34 cases of breast
cancer, and 16 cases of lung cancer, for a total of 117 cases. Within the circulation system, CTCs take on
diverse forms (including singlets and cell clusters), and recent reports indicate that cluster-type CTCs
are more likely than single CTCs to survive, proliferate, and act as a generative source of metastatic
diseases. Since Rare Cell Sorter is compatible with whole blood without pretreatment, it was clarified
that clustered CTC can be detected in many cases. He also conducted the comparative test between the
CTC detection method using our Rare Cell Sorter and the conventional method using a magnetic cell
sorting; MACS. As a result, it was judged that the CTC detection sensitivity was comparable to that of
the conventional method. In addition, our method was verified to show superiority for clinical
implementation because it can detect CTC clusters and isolate single cells.

We were developing an autonomous CTC sorting device that collects living CTC at the single cell level
using an original cell sorting technology that efficiently isolates CTC based on size and mechanical
deformation. While such CTC discrimination relies on the labeling of epithelial cell adhesion molecule

(EpCAM), issues persist. Specifically, highly malignant CTC causative for cancer metastasis undergo
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epithelial mesenchymal transition (EMT) that makes identification difficult. By improving the isolation
and the detection accuracy of CTC from whole blood, we will be able to immediately release Rare Cell

Sorter to the market and realize accurate diagnosis of malignant tumors.



