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Abstract:

The spatial and biochemical organization of chromatin is a fundamental regulator of gene
expression, yet its sensitivity to changes in the cellular microenvironment is only beginning to be
understood. Mechanical forces, inflammatory signals, and metabolic cues can all reshape
chromatin interactions, histone modifications, and nuclear architecture, leading to profound
effects on cell identity and function. Using a combination of theoretical models, super-resolution
imaging, and sequencing'®, we show how microenvironmental perturbations reorganize
heterochromatin domains, alter nuclear lamina affinity, and disrupt transcriptional regulation.
These findings highlight general principles by which the microenvironment directs epigenetic
states, with implications for diverse pathologies including cancer, fibrosis, and neurodegeneration.
Understanding these mechanisms may open new avenues for therapeutic strategies that target
microenvironment-driven chromatin remodeling.
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