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Mechanical forces have notable effects on cells within tissues at different spatial and temporal levels.
Both internal and external forces influence cell life from the molecular level to embryonic development
and mature tissues. These forces can trigger downstream signaling pathways that regulate cell division
and growth, direct the transcriptional machinery, and drive cell differentiation, leading cells to adapt by
modifying their intracellular tension through coordinated cytoskeletal rearrangement and actomyosin
contraction. Mechanical tension can affect not only components of the cell surface, but also regulate
molecular processes within the nucleus, such as gene expression, or even induce DNA damage.

Despite extensive research on the overall cell mechanics, we still lack a detailed understanding of
how these mechanical stresses are transmitted to the nucleus and how mechanical deformation affects
nuclear processes, such as chromatin reorganization and the genetic functions associated with DNA.
Altered nuclear mechanics has been linked to various human diseases, including heart disease,
progeria, and cancer. This study aims to investigate and quantify how nuclear mechanics can be
influenced by forces from the cellular environment, potentially contributing to numerous human diseases
at both the cellular and molecular levels.

MEMS technology with its superior capacity for practical analysis at the single-cell level will be
combined with microfluidics for carrying cells to desired positions. This hybrid method improves analysis
throughput and provide alternative tests on different subcellular elements. Integrating the system with
confocal microscopy will allow the use of fluorescent reporters for real-time tracking of tagged proteins,
both the Linker of Nucleoskeleton and Cytoskeleton (LINC) protein force-transfer outside the nucleus,
and the chromatin redistribution and possible damage reporters inside the nucleus. As a result, the
proposed study provides a versatile and practical tool to investigate in depth how nuclear mechanics
can be altered by forces from the extracellular environment, and the key implications of such mechanical
processes, potentially involved in many human diseases, from the cellular down to the molecular scale.
The results of this study will be used to model such mechanisms in collaboration with biophysicists.
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