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DESCRIPTION

Pharmacological Epigenetics examines how medicines influence
gene activity through molecular mechanisms that regulate
Deoxyribonucleic Acid (DNA) and chromatin without changing
the underlying DNA sequence. Epigenetic processes determine
which genes are active or inactive in particular cells and tissues.
These  processes DNA  methylation, histone
modification, chromatin remodeling and regulation by non-
coding Ribonucleic Acid (RNA) molecules. Because epigenetic
states can change in response to disease, environmental factors,

include

cellular signals and medication exposure, they provide important
targets for pharmacological intervention. DNA is organized
within cells by association with proteins called histones. DNA
and histones form chromatin, which can exist in relatively
accessible or compact forms. The accessibility of chromatin
influences whether transcription machinery can reach particular
genes. Epigenetic mechanisms modify this organization and help
determine patterns of gene expression. Pharmacological agents
can alter these regulatory processes and consequently change the
production of specific proteins.

DNA methylation is one of the best-characterized epigenetic
mechanisms. It commonly involves the addition of a methyl
group to cytosine residues at Cytosine-phosphate-Guanine
(CpG) sites. DNA methyltransferase enzymes add these methyl
groups, while other cellular processes can remove or modify
them. Increased methylation in certain regulatory regions can
reduce transcription, whereas reduced methylation may permit
greater gene activity. Abnormal DNA methylation patterns occur
in several diseases and can influence cellular behavior. DNA
methyltransferases are therefore important pharmacological
targets. Medicines that inhibit these enzymes can alter DNA
methylation patterns and modify gene expression. Azacitidine
and decitabine are examples of agents used in selected
hematological conditions. Their activity involves interference
with DNA methyltransferase function, producing changes in
cellular gene regulation. Clinical use requires careful dosing and

monitoring because epigenetic processes participate in many
normal cellular functions.

Histone modifications represent another major epigenetic
mechanism. Histone proteins contain amino acid residues that
can undergo chemical modifications such as acetylation,
methylation, phosphorylation ubiquitination.  These
modifications can influence chromatin  structure and
recruitment of regulatory proteins. Histone acetylation is often
associated with increased transcriptional accessibility, while

and

particular histone methylation patterns can either activate or
repress gene expression depending on the residue involved.
Histone acetyltransferases add acetyl groups to histones, whereas
histone deacetylases remove them. Histone deacetylase inhibitors
can increase histone acetylation and alter the expression of
multiple genes. Several medicines in this class have been
evaluated or approved for selected cancers and other conditions.
Their effects can extend beyond histones because acetylation also
occurs on non-histone proteins involved in cellular signaling and
regulation.

Histone methylation is controlled by enzymes that add or
remove methyl groups from specific histone residues. Histone
methyltransferases and histone demethylases can therefore
transcriptional Pharmacological inhibitors
directed toward selected enzymes in these groups are being
examined for diseases in which abnormal gene regulation

influence states.

contributes to cellular dysfunction. Chromatin remodeling
complexes provide another regulatory layer. These protein
complexes use energy from Adenosine Triphosphate (ATP) to
reposition nucleosomes and alter access to DNA. Changes in
chromatin remodeling can affect transcription, DNA repair, cell
differentiation and other cellular activities. Mutations or altered
activity within chromatin remodeling components have been
observed in several cancers, making selected components
potential pharmacological targets.

Non-coding RNAs also participate in epigenetic regulation.
MicroRNAs can reduce the production of specific proteins by
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interacting with messenger RNA, while long non-coding RNAs
can influence chromatin organization and transcription. Some
medicines can affect the expression of non-coding RNAs
indirectly through changes in signaling pathways. These RNA
molecules are also being investigated as potential biomarkers of
disease and treatment response. Cancer is a major area of
epigenetic pharmacology. Cancer cells frequently contain
abnormal patterns of DNA methylation, histone modification
and chromatin organization. These changes can alter genes
involved in cell division, differentiation, DNA repair and
programmed cell death. Epigenetic medicines can modify these
regulatory states and may restore the activity of genes that have
become abnormally silenced.

Epigenetic mechanisms are also relevant to drug resistance. A
cancer cell may change its gene expression without acquiring a
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new DNA mutation, allowing it to survive exposure to a
Alterations in DNA  methylation, histone
modifications, or chromatin accessibility can influence the
expression of drug targets and survival pathways. Monitoring

medicine.

epigenetic changes can therefore provide information about
changing treatment responses. Epigenetic pharmacology has
potential applications beyond cancer. Abnormal gene regulation
has been associated with neurological disorders, cardiovascular
conditions, inflammatory diseases, metabolic disorders and
immune dysfunction. However, because epigenetic mechanisms
regulate  many genes simultaneously, pharmacological
intervention must be carefully evaluated to minimize unwanted

effects on normal cellular processes.
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