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DESCRIPTION

Chromatin remodeling has emerged as a fundamental
mechanism by which eukaryotic cells regulate gene expression,
maintain genomic integrity and respond to environmental and
developmental cues. Once viewed as a static scaffold for DNA
packaging, chromatin is now recognized as a highly and plastic
structure, whose organization is actively modified to enable or
restrict access to the underlying genetic information. This
commentary highlights the significance of chromatin remodeling
in normal cellular function, its dysregulation in disease and the
promising avenues for therapeutic intervention. At the core of
chromatin remodeling are specialized multiprotein complexes
that reposition, eject, or restructure nucleosomes, thereby
modulating DNA accessibility. Nucleosomes, composed of DNA
wrapped around histone octamers, are the fundamental
repeating units of chromatin, and their arrangement determines
which genomic regions are transcriptionally active or silent.
Chromatin remodeling complexes are classified into several
families, including SWI/SNF, ISWI, CHD and INOS8O, each
distinguished by unique ATPase subunits and remodeling
activities. These complexes function through ATP dependent
mechanisms, sliding nucleosomes along DNA, ejecting them, or
incorporating histone variants to alter chromatin architecture.
The precise orchestration of these remodeling events is critical
for establishing cell type specific gene expression patterns and
facilitating cellular differentiation. Chromatin remodeling plays
a pivotal role during development. During early embryogenesis,
remodeling ensures that pluripotent cells can
differentiate into diverse lineages by exposing or occluding
regulatory elements.

extensive

For instance, enhancer regions associated with lineage specific
genes become accessible through targeted nucleosome
repositioning, allowing transcription factors to bind and activate
developmental programs. Conversely, genes associated with
alternative lineages are maintained in a repressed chromatin
state, highlighting the selective and coordinated nature of
chromatin remodeling. Errors in these processes can lead to
congenital abnormalities and developmental disorders,
emphasizing the essential role of remodeling in establishing
cellular identity. Beyond development, chromatin remodeling is

critical for maintaining genomic stability. By controlling DNA
accessibility, remodeling complexes facilitate DNA repair,
replication and recombination. The SWI/SNF family, is
recruited to sites of DNA damage to allow repair machinery to
access damaged sequences, preventing mutation accumulation.
Dysregulation of remodeling complexes, therefore, not only
impacts gene expression but also compromises genome integrity,
which can contribute to disease susceptibility. Aberrant
chromatin remodeling is increasingly recognized as a hallmark of
various diseases, particularly cancer. Mutations in remodeling
complex subunits have been identified in a wide range of
malignancies. Loss of function mutations in SWI/SNF
components solid tumors and
hematologic cancers, leading to inappropriate activation or
repression of key regulatory genes.

are observed in several

These disruptions can promote uncontrolled cell proliferation,
impair differentiation, and enhance metastatic potential.
Similarly, alterations in CHD and INO80 complexes have been
linked to neurodevelopmental disorders, autoimmune diseases
and age related pathologies, reflecting the broad biological
impact of remodeling defects. Therapeutic strategies targeting
chromatin remodeling are emerging as a promising avenue for
precision medicine. Small molecule inhibitors or modulators
that target specific remodeling enzymes can restore normal
chromatin architecture and correct aberrant gene expression. In
cancer therapy, efforts to exploit vulnerabilities created by
remodeling complex mutations have shown potential,
particularly in combination with other epigenetic therapies such
as histone deacetylase inhibitors or DNA methyltransferase
inhibitors. These approaches leverage the plasticity of chromatin
to reverse pathological transcriptional programs without altering
the underlying DNA sequence. Chromatin remodeling is also
responsive to environmental cues, linking cellular behavior to
external stimuli. Nutritional status, oxidative stress, toxins,
circadian rhythms and other factors can influence the
recruitment and activity of remodeling complexes. Additionally,
there is growing evidence that certain remodeling events may be
maintained through cell divisions, contributing to epigenetic
memory and long term regulation of gene expression.
Technological advances have greatly expanded our ability to
study chromatin remodeling.
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