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In this study, we have developed a novel cell separation apparatus, “High Contents Imaging Cell Sorter” that can
separate and culture heterogeneous cell populations based on morphology and fluorescence labeling in
three-dimensional culture. Using this apparatus, we separated target cells from the heterogeneous population in cancer
cell lines, mouse carcinogenesis models, and human clinical specimens. We also tried to verify the usefulness of the
examination method after separating specific cancer cell groups from heterogeneous cell populations.

The “High Contents Imaging Cell Sorter” works as follows: (i) culture of cancer cells embedded in a
photodegradable hydrogel, (ii) automatic image acquisition in bright field and fluorescence field, (iii) classification of
cancer cell groups by image analysis, (iv) light irradiation around the targeted cancer cells, and (v) collection by
pipetting. We have developed an apparatus that can automatically perform image acquisition, analysis, light irradiation,
and pipette collection. The optical system in the apparatus supports observation and image acquisition in bright field
and two-color fluorescence corresponding to FITC and RITC. The image analysis algorithm in the apparatus supports
morphology-based classification up to 8 types of morphology, and fluorescence -based classification corresponding to
FITC and RITC fluorescence images.

In order to evaluate cell separation efficiency, cancer cells are embedded in the photodegradable hydrogel in the
specially developed culture vessel with 32 wells. Target cells are identified based on image analysis of images in 4
fields x 32 wells (128 fields). We collected one cell aggregate from each well by automatic processing of imaging,
analysis, light irradiation, and pipette collection. The whole process has been completed within 3 hours

We also investigated about cell culture condition, in which cancer cells exhibited specific morphology, by
changing hydrogel and medium composition. We also investigated cell embedding conditions, staining conditions, the
washing conditions for demonstrating cell separation using a fluorescent label as an index. CD44-positive PC-3 and
negative DU145 cells were embedded in the photodegradable hydrogel and stained with a fluorescent-labeled
anti-CD44 antibody. We found the conditions under which the target cells could be identified.

In order to verify the performance of the image analysis algorithm implemented in the “High Contents Imaging
Cell Sorter”, the classification accuracy was confirmed using 11 clones obtained from the murine breast cancer cell line
4T1E. The morphological features of the cell aggregate were quantified using a classification model developed using
machine learning. As a result, each clone was distinguished with a classification accuracy higher than 90%. 4T1E cells
were separated based on their morphology using the “High Contents Imaging Cell Sorter”, and in vitro drug sensitivity
testing was carried out. As a result of tamoxifen susceptibility testing, it was confirmed that specific cancer cell groups
separated from the heterogeneous population exhibited different drug sensitivity compared to the original
heterogeneous population.

In order to verify the effectiveness of examination methods using “High Contents Imaging Cell Sorter” for
clinical specimens, we tried to separate cells derived from clinical specimens. A protocol for recovering cancer cells
from surgical specimens of breast cancer was determined based on a protocol for recovering cancer cells from mouse
tumor tissue. The recovered cancer cells from for 3 breast cancer surgical samples were embedded in the
photodegradable hydrogel and cultured for cell separation. At this time, we investigated the composition of the
photodegradable hydrogel and medium additives, and appropriate culture period to obtain culture condition suitable for
cell growth and image analysis. It was not possible to find the conditions for cancer cell growth suitable for the

4



specimens examined in this study, so further examination on the culture conditions and applicable cancer type were
necessary for application to clinical examinations.

The “High Contents Imaging Cell Sorter” is capable of cell separation based on fluorescence and
morphology, which cannot be applicable in other separation techniques, and therefore, can provide a new approach to
research on intra-tumor heterogeneity. We believe that the results confirmed by cell lines study and animal experiments
in this study are indicating the "importance of intra-tumor heterogeneity". Continuous research will contribute to the

process to establishing examination method that takes into account intra-tumor heterogeneity.



