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Our laboratory aims to develop diverse methods to profile the state of single cells—the fundamental
units of life. By leveraging recent advancements in micro/nanofluidics and electrokinetics, we seek to
understand how heterogeneous cell populations collectively give rise to organized biological systems.

Microfluidic Sequencing Automation: MiSA

MiSA offers flexible and multiplexed fluid control for various applications,
providing a constant flow rate and transient flow. We demonstrate the
practical use of MiSA for multiplexed chemical reactions by performing
HybISS. Further, we show the extensions of our system by demonstrating
microfluidic spinning of spider silk fiber and atomization of protein solution
for time resolved Cryo-EM. This device will offer resources for researchers
to quickly explore microfluidic applications with an affordable investment.

High-throughput analysis of cancer cells under mechanical confinement

Mechanical confinement, commonly found in living tissues, affects cancer cell
g behavior. To systematically investigate the cancer cell behavior, we
developed MECH-seq, a platform that encapsulates single cancer cells in
hydrogel beads using microfluidics. This method enables high-throughput
analysis of cancer cells under mechanical confinement. We found that the
confinement induced cell-cycle arrest and a dormancy-like state. MECH-seq
provides a powerful tool to elucidate the mechanisms of dormancy induction
dayO day4 and identify therapeutic targets for preventing cancer relapse.

Exploring cell mechanics with single-cell omics approaches

The mechanical properties of cells are known to be associated with
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).
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