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Abstract The field of imaging genetics traditionally
studies unidirectional associations between genes, brain
functioning, and behavior. In a recent study by Ursini et al.
(J Neurosci 31:6692-6698, 2011), imaging genetics
methods are combined with epigenetic marks in living
human beings. This approach may lead to a new field of
imaging epigenetics, providing more mechanistic insight
into causal pathways of how gene and environment interact
and affect brain development.
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Genes, brain activity, life experience, and cognitive func-
tioning: how do these factors relate to each other? Over the
last decade, association studies were considered to be the
gold standard in the field of imaging genetics. These
studies research the contribution of a variant of a specific
gene to brain function, behavior, and mental illness [8]. An
assumption in this line of research is that the influence of
genes on brain and behavior is unidirectional and static
over lifetime. In gene—environment interaction studies for
instance, one tries to explain to what extent genetic makeup
can contribute to individual responses to environmental
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influences (e.g., [2]). Genes, so the idea goes, let the brain
develop in a particular way and determine your responses
to the environment, and not vice versa.

There are however problems with this idea. Firstly, in
the statistical analyzes of human association studies, genes
and environment are often treated as separate factors.
Separating gene and environment has been criticized as an
assumption made more for historical than biological rea-
sons [4], since genes can not be seen as operating in a
vacuum free of the influence of experience. The statistical
nature of these studies addresses how much variation in
genotype accounts for variation in a trait, and the postu-
lated biological implications are heavily based on the
interpretations of researchers. So, despite their important
explorative function, association studies do not provide
mechanistic insights nor explanatory power at the level of
the individual [6].

A second problem is that the assumption of a unidirec-
tional relationship where genes code for RNA, are trans-
lated into proteins, determines brain development and in
this way influence behavior, does not hold. Since the
completion of the Human Genome Project, it has become
clear that there are not enough nucleotides in human DNA
to account for phenotypic variability. Further, molecular
biological research has shown that epigenetic marks on the
DNA influence the expression of these genes. Epigenetics
literally means “above the genome” and accounts for gene
changes that are not in the hard-wired DNA. DNA is
wrapped around histone proteins, and the way these his-
tones can be modified by mechanisms such as DNA
methylation and acetylation, have influence on the acces-
sibility of genes to be transcribed, while leaving the DNA
code intact. These marks, as animal research reveals, can
be changed by environmental influences such as diet,
pharmaceuticals, and maternal care [6]. Nature and nurture
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are not separable anymore, but
throughout development.

Epigenetic processes can happen in the remodelling of
DNA in post-mitotic, already differentiated cells, including
neurons. Although the modifications are usually long last-
ing, in rare instances, they change over time and mark how
much a gene is expressed at a specific time point. The more
a gene is methylated, the lower the expression of the gene
[9]. Most epigenetic studies into the human brain have
been performed in postmortem brain tissue, and methyla-
tion patterns differ greatly over brain regions [5]. In studies
with living humans, specific methylation patterns in blood
have been related to psychiatric diagnoses, for example
alcohol addiction [3] and change over time in twins [11].
The relationship between methylation status, brain activity,
environmental experience, and behavior in living human
beings as yet remains however largely unknown.

Recently, Ursini et al. [10] report that methylation of a
single-nucleotide polymorphism (SNP) in the Catechol-O-
methylatransferase (COMT) gene is not only associated
with the degree of in vivo gene expression, but also with
functional brain activity. The enzyme COMT breaks down
dopamine (DA), and in humans, the gene contains a G to A
polymorphism that translates into a methionine (Met) for
valine (Val) substitution. The Val allele has an increased
enzyme activity compared to Met, and is associated with
responsiveness to stress, higher activation in the prefrontal
cortex (PFC) during working memory (WM) tasks (i.e.,
reduced efficiency), as well as with psychiatric disorders
such as schizophrenia [7, 8]. Importantly, Val creates a
CpG dinucleotide, a site in the DNA string where meth-
ylation is possible, whereas the Met allele does not.

Ursini et al. [10] screened healthy participants on COMT
genotype, and as expected, since methylation can occur in
the Val allele only, the degree of methylation (measured in
peripheral blood cells) in Val homozygotes was higher than
in heterozygotes. Interestingly, although more lifetime stress
was associated with reduced methylation in the Val/Val
subjects, this effect was not present in heterozygotes.
Reduced methylation in the Val homozygotes was related to
an increase in COMT mRNA expression, as well as posi-
tively correlated with WM performance. Additionally, the
interaction of methylation and stress modulated brain
activity during WM: the greater the stress and the lower the
methylation, the higher the PFC BOLD response during the
WM task. The authors interpret this as a reduced cortical
efficiency, due to stress and methylation of COMT.

This imaging genetics study shows for the first time that
gene methylation and environmental stress may modulate
brain functioning and cognition in humans in vivo. It
combines methylation in blood with fMRI, lifetime stress
assessment, and mRNA expression of the gene in blood
cells. This novel approach may serve as an example for a
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new field of imaging epigenetics, relating epigenetic
mechanisms to neurocognitive function. Compared to
imaging genetics, imaging epigenetics can provide insight
into a more system-based approach of gene and environ-
ment interactions and is open to the possibility of envi-
ronmental influences changing DNA expression, rather
than seeing the genome as static.

Despite the strengths of this approach, the nature of the
study is correlational and does not provide causal insight
into the measured factors. Future studies should focus on
causal relationships between brain function and epigenetic
folding. For example, when methylation patterns change
due to chromatin-modifying drugs, such as histone deace-
tylase (HDAC) inhibitors, does this directly influence brain
functioning and behavior? Furthermore, it is still unclear
how methylation in brain and blood relate to another.
Ursini et al. [10] compare brain and blood from rats and
argue that the finding of a similar methylated COMT
region in rats will also be found in humans. However, since
the COMT Vall58 SNP is present in humans only, this
argument seems to be weak. As suggested before [1], more
comparisons between epigenetic marks in peripheral tissue
and (postmortem) brain tissue are hence needed.

In conclusion, although the combination of epigenetic
research and behavioral neuroscience is still very young,
there is no doubt that more studies in this field will follow.
By accepting the dynamics of the genome, it will however
remain a challenge to integrate the methods of genomics,
epigenomics, and neuroimaging so that meaningful con-
clusions can be drawn.
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