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ABSTRACT

Microscale changes in tissue environment are translated to changes in cell behavior and phenotype, yet the
mechanisms behind how these phenotypic changes occur are poorly understood. Here, we describe and
model chromatin, which stores genetic information within the cell nucleus, as a dynamic nanomaterial whose
configuration is modulated by chemo-mechanical cues in the microenvironment. Our findings indicate that
physiologic chemo-mechanical cues can directly regulate chromatin architecture in progenitor cell populations.
Through direct experimental observation and modeling that incorporates phase transitions and histone
methylation kinetics, we demonstrate that soft environmental cues drive chromatin relocalization to the nuclear
boundary (leading to the formation of Lamin-Associated Domains or LADs) and compaction. Conversely,
dynamic stiffening attenuates these changes. We show how methylation and acetylation impact the spatial
distribution of the stiffness of the nucleus. Interestingly, in diseased human fibrous tissue cells, this link between
mechanical inputs and chromatin nano-scale remodeling is abrogated. These data indicate that chromatin
dynamics and plasticity may be hallmarks of disease progression and targets for therapeutic intervention.
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