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Epigenetic regulation of drug metabolism in aging
Joseph L. McClay

Institute on Aging rodent tissue bank. A mouse model
affords a greater experimental control than a human
study and the age-associated differentially methylated
region (a-DMR) found in humans had a clear-cut
homolog in mice.
We first showed that DNA methylation levels at mouse
Cyp2e1 increased with age in liver, with a concomitant
reduction in gene expression. Furthermore, histone H3
lysine 9 acetylation (H3K9ac) but not H3K27ac
changed with age at the same locus. To test if these
epigenetic changes with age correlated with CYP2E1
activity, we assayed the rate of metabolism of the
CYP2E1-specific probe drug chlorzoxazone in
microsome extracts from the same livers. A probe drug
such as chlorzoxazone is one metabolized almost
exclusively by a single CYP isoform, in this case
CYP2E1. We found that intrinsic clearance of
chlorzoxazone correlated -0.3 with DNA methylation
levels and 0.5 with H3K9ac levels [7]. This
demonstrated that age-related epigenetic changes are
significantly associated with rate of drug metabolism
for CYP2E1. Importantly, chronological age of the
subjects was not significantly correlated with rate of
chlorzoxazone metabolism whereas the epigenetic
correlations were relatively large. This suggests that
epigenetic biomarkers in aging may serve as better
predictors of drug metabolism than chronological age
itself.
This initial study indicated the potential importance of
age-related epigenetic variation on drug metabolism but
there are several limitations of our work thus far. First,
we only surveyed a subset of the possible epigenetic
marks (5mC, H3K9ac and H3K27ac) at a single gene. A
deeper understanding of genome-wide age-related
changes for the full spectrum of epigenetic modifications and their effects on chromatin conformation in the
liver is needed. Furthermore, while mice provide a
powerful model of aging with limited environmental
variation, there are significant genetic divergences
between rodent and human xenobiotic metabolizing
genes. While human CYP2E1 has a mouse ortholog,
some of the most important human xenobiotic
metabolizing genes such as CYP3A4 do not. This
implies that studies in post-mortem human tissue may
be needed to capture the most important genes. Finally,
considering the translation of these findings to viable
biomarkers, we also need to understand the degree to

Adverse drug reactions (ADRs) occur more frequently
as people live longer, have greater numbers of chronic
conditions, and take more medications. Older adults
aged 65+ are estimated to account for over one third of
all emergergency department visits for ADRs and have
the highest rates of hospitalization for ADRs of any age
group [1]. Moreover, it has been estimated that more
than 80% of ADRs in older patients are dose related and
therefore avoidable [2]. This implies that effective
methods for predicting the correct dose for the
individual patient would be transformational in geriatric
healthcare. Among the factors known to influence drug
response in aging include changes to organ system
function and body composition. However, these aging
effects are considered too coarse to guide dosing
decisions and chronological age itself has repeatedly
been shown to have limited predictive value [3].
Therefore, there is an unmet need for novel biomarkers
to guide dosing decisions in geriatric healthcare.
When considering biomarkers of drug metabolism, the
first examples that often spring to mind are cytochrome
P450 genetic polymorphisms that predict drug
metabolism phenotypes. For example, polymorphisms
at the cytochrome P450 2D6 (CYP2D6) gene have been
tremendously successful in predicting the large
individual differences in activity of its encoded enzyme
[4]. However, an individual’s genome sequence is
largely stable across the life course except for random
somatic mutations. Therefore, pharmacogenetic analysis
of common DNA sequence variants has limited power
to explain changes in drug response across the life
course of the same individual. In recent years, however,
the dramatic epigenetic changes that accompany aging
have been recognized [5]. We and others have
hypothesized that epigenetic changes in aging could
affect the regulation of genes involved in drug
metabolism [6].
Recently we reviewed prior human epigenome-wide
studies of aging and identified cytochrome P450 2E1 as
the drug metabolism gene showing most evidence for
age-related epigenetic change7. Indeed, CYP2E1 was
one of the loci that comprised the DNA methylation
clock of Horvath (2013) [5]. To determine if these
epigenetic changes affected expression and metabolic
activity of CYP2E1 in the liver, the primary organ of
xenobiotic metabolism, we assayed mouse tissue from
aged mice (4-32 months) sourced from the National
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which age-related epigenetic changes in central organs
involved in drug metabolism such as the liver and
kidney reflect those of more accessible, peripheral
tissues such as blood or fibroblasts.
In general, the field of pharmacoepigenetics is gaining
traction as more research is carried out on epigenetic
biomarkers of drug response in many disease areas [6].
Our recent work, although limited in scope, suggests
that epigenetic changes in normal aging can have
significant impact on drug metabolism.
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