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Programming the Future
Epigenetics in the Context of DOHaD
Recent studies have shown that variable responses to environmental 
exposures within a population arise in part from individuals’ 
genetic differences.1,2,3 Research on these differences is increas-
ingly focusing on the epigenome, in 
which small chemical tags on DNA and 
associated proteins fine-tune genetic 
expression.1,2,4 A new review in EHP 
takes stock of the methods, analyses, and 
complexity of environmental epigenetics 
research in the context of the develop-
mental origins of health and disease 
(DOHaD).1

According to the DOHaD hypothe-
sis, environmental exposures during pre- 
and postnatal development can affect 
health years or even decades later.1,4 A 
potential bridge between these exposures 
and outcomes involves changes in, or 
reprogramming of, the epigenome.2,3,4,5,6 

Epigenetic modifications are gen-
erally a critical part of normal devel-
opment, helping to activate or silence 
specific genes during cell differentiation 
and thereby directing the formation 
of various tissues.7 But not all changes 
are benign, as suggested by associations 
between specific epigenetic alterations 
and disorders including cancer, neurode-
generation, and diseases of the cardiovas-
cular and immune systems.2 

Epigenetic programming has there-
fore drawn intense scrutiny as a potential 
biological mechanism through which 
environmental factors may inf luence 
health and susceptibility to disease.2,3 In 
addition, assessment of epigenetic altera-
tions may help researchers to detect effects of exposures long after 
they have occurred and to better characterize disease risks.1,2,6 

The review summarizes research pertaining to the detec-
tion and interpretation of epigenetic changes as the basis for the 
DOHaD hypothesis, which is a major objective of research under 
way in the federally funded Children’s Environmental Health and 
Disease Prevention Research Centers.1 “There are a lot of individu-
als within different children’s health centers who are very interested 
first and foremost in environmental health effects, but also in what 
role epigenetics can play in driving and explaining some of these 
health effects, specifically thinking about early-life development,” 
says first author Carrie Breton, an assistant professor of preventive 
medicine at the University of Southern California Keck School of 
Medicine. 

For the review, Breton and her co-authors focused on DNA 
methylation, a specific type of epigenetic modification in which 
the presence or absence of a methyl tag can control whether a gene 
is active (transcribed) or silent (not transcribed). Researchers have 
identified subtle differences in blood measures of methylation 
between exposed and unexposed populations, with differences 
in methylation ranging from less than 2% up to 10%.1 “Often, 
we only see something like two to five methylated loci out of one 

hundred. That’s what, in this article, we are referring to when we 
talk about small magnitudes of change,” says Breton. 

Whether such small changes are biologically meaningful is very 
much an open question in environmental health research. Previous 
genetic research has suggested that the location of epigenetic 
alterations can be a crucial determinant of the overall effect. For 
example, one study estimated that a 1% increase in methylation in 

a specific area of the IGF2 gene halved 
transcription, while a 1% decrease 
doubled transcription.8 The scale of the 
estimated change in transcription is on 
par with that found for other genes in 
cancerous tissues.1 This finding illus-
trates that even small changes may have 
a large impact. In some cases, the effect 
may be indirect, with epigenetic changes 
poising a gene to react to a later trigger.1 

However, it is important not to lose 
sight of the fact that epigenetic changes 
occur against the backdrop of the entire 
genome. “We can’t forget that it’s still 
a layer of information on top of our 
genetic code,” says Breton. She says that 
genome-wide association studies and 
many years of looking at genetic varia-
tion have shown that some diseases have 
an important genetic component. 

“You really need to start thinking 
about how the epigenome responds to 
the environment and affects disease 
risk—but on top of the backbone of the 
genetic code,” Breton says. “You also 
need to think about measuring and 
adjusting for genetic variation or looking 
at interactions between the genetic code 
and the epigenetic code.” 

Ultimately, researchers hope to be 
able to determine if specific epigenetic 
alterations bridge the gap between an 
environmental exposure and a particular 

outcome. “I think this is a very useful paper to a lot of people in 
terms of having a kind of common lexicon to work with [in terms 
of how to identify and describe small changes], and I like that they 
encourage discussion about small effect sizes,” says Daniele Fallin, a 
professor at the Johns Hopkins Bloomberg School of Public Health 
who was not involved in the review. “We are at that stage where 
there is still so much to learn; bringing people together and then 
communicating a common landscape are important.”
Julia R. Barrett, MS, ELS, a Madison, WI–based science writer and editor, is a member of the 
National Association of Science Writers and the Board of Editors in the Life Sciences.
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Methyl group

Methylation is the 
attachment of a 
methyl group to DNA 
at regions where 
cytosine and guanine 
bases are paired. 
Methyl groups can 
activate or silence 
genes. This process 
affects whether 
factors that would 
normally cause the 
gene to be expressed 
will still do so. 
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