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Our research endeavors focus on elucidating the cross-scale system from single cells to complex
organisms and understanding the mechanisms underlying diseases that arise from organizational
disruptions. We pioneer innovative omics methodologies, leveraging advancements in
micro/nanofluidics and electrokinetics, to unravel these fundamental questions

Exploring cell mechanics with single-cell omics approaches

The mechanical properties of cells are known to be associated with e
physiological states in various biological contexts, such as cell
differentiation, cancer, and aging. To elucidate the intricate
molecular mechanisms governing cellular behavior in diverse
biological processes, We have developed novel methods capable
of integrating cell mechanics profiling with unbiased transcriptomics
for thousands of single cells (Shiomi et al., Nat Commun., 2024).

Linking phenotypic response to perturbation and transcriptome

Genetically identical cells can show diverse responses to drugs,
leading to different cell fates, such as drug resistance in cancer. To
study the molecular cascade of how the variation in gene expression
gives rise to different phenotypic responses, we introduced a method
combining optical indices from cells and hydrogel beads with single-
cell RNA sequencing, linking cellular drug responses to gene
expression variations (Tsuchida et al., LabChip, 2024).

Hunt for aiding and abetting cells in metastatic niches with secretory
GFP reconstitution

During metastasis, cancer cells interact with nearby tissue-resident
cells to form niches that support their growth. However, the molecular
mechanisms promoting metastatic growth are not fully understood
due to the lack of methods to analyze cell-cell interactions. We
developed sGRAPHIC to fluorescently label and isolate these
interacting cells, allowing for their characterization using single-cell
RNA sequencing (Minegishi et al., Nat Commun., 2023).

Resolving the regulation of MRNA expression at subcellular resolution

Protein coding transcripts are synthesized and processed in the
nucleus before being exported to the cytoplasm for translation.
However, our understanding of nucleocytoplasmic isoform usage,
nuclear export, and transcript degradation is limited at the population
level, and their effects on cellular heterogeneity remain largely
unexplored. We developed a method called single-cell integrated
nuclear and cytoplasmic RNA sequencing (SINC-seq) (Abdelmoez et
al., Genome Biol, 2018; Oguchi et al., Sci Adv, 2021).
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