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The impact of the environment on the

human (epi)g¢enome: Are we responsible
for the epigenetic changes we pass on to

our offspring?

Genetics, Chicoutimi Hospital

Many human traits including metabolic diseases are
transmitted, at least partially, from parents to their
offspring. By definition, these traits are complex, with the
combined interactions of genetics and the environment
writing an intricate scenario. Resolving this complexity is
far from simple.

The era of human genetic epidemiology — the science
studying the role of genetic factors in health and disease
in families and populations — started in the ‘80s and
culminated with the resolution of the human genome in
2003 and the concordant development of technologies
capable of genotyping hundred of thousands of genetic
polymorphisms at a relatively low cost. Many large
genome-wide epidemiological studies have been
conducted so far. These studies have been useful, allowing
the identification of new genes and metabolic pathways
involved in human diseases such as diabetes'. However,
the gene polymorphisms that have been identified so far,
even all together, only contribute marginally to explain the
variance of complex traits attributed to genetic factors.
This evidence suggests that other molecular mechanisms
are involved. This is where epigenetic mechanisms make
their entrance.

Epigenetics refers to the regulation of DNA transcription
without changing the DNA sequence?. Epigenetic marks are
partially inherited with profound phenotypic effects. The
epigenetic regulation of cellular functions is a normal and
essential process in cell development and differentiation.
Epigenetic marks are transmitted end enduring through cell
divisions, producing long-term changes in gene expression,
but they are also malleable?. Indeed, they can be subjected
to reprogramming by both stochastic and environmental
stimuli, but more determinedly by factors influencing the
in utero environment*,

A wide range of epidemiological studies and animal
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models have provided strong evidence for a link between
an exposure to metabolically challenging environmental
conditions in the first months of in utero development and
the development of diseases such as obesity and diabetes®.
This phenomenon is called foetal metabolic programming.
Interestingly, the offspring of mothers exposed to
metabolic insults in utero have an increased risk of obesity-
related metabolic perturbations and diabetes even if
they were not themselves exposed to this adverse foetal
environment®, Both foetal metabolic programming and its
transgenerational effects might be supported by epigenetic
adaptations.

Our group has provided some of the first evidence
supporting the role of epigenetics in foetal metabolic
programming using gestational diabetes mellitus (GDM)
as a human model. GDM is a carbohydrate intolerance first
diagnosed during pregnancy (the most common metabolic
complication in pregnancy). GDM is of interest in foetal
metabolic programming because it is associated with a
higher risk of developing obesity and diabetes’, but the
mechanisms involved remain largely unknown. In addition
to the identification of specific epigenetic alterations, we
have shown that the epigenetic changes associated with
GDM exposure are not randomly distributed throughout
the genome but primarily affect genes involved in diabetes
and glucose metabolism pathways®. These results provided
the first evidence linking GDM exposure and epigenetic
dysregulation of genes regulating metabolic pathways.

Human studies are still limited because only few other
designs besides GDM can address the role of epigenetics in
foetal metabolic programming in human. The Dutch Hunger
Winter Cohort provided such a framework. Very briefly, the
authors showed using candidate gene and genome-wide
approaches that foetal exposure to maternal malnutrition
could have effects lasting over 50 years on the epigenomic
profile’’®. Nevertheless, neither our nor other groups
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have yet provided evidence that the epigenetic variations
inherited at birth through foetal metabolic programming
are predictive of obesity and diabetes later in life. This
objective is challenging, but is nevertheless needed to
prove that epigenetics is involved in foetal metabolic
programming in humans.

|I’

Contrary to the more “traditional” genetic mechanisms,
epigenetics offer the possibility for rapid (at the generation
level) genomic adaptations to changing environmental
conditions. However, this adaptive strategy may have
maladaptive consequences, such as obesity and diabetes,
when mismatches between intrauterine and extrauterine
conditions exist. This situation is more likely to occur
considering the current obesity and diabetes epidemics.
Therefore, unhealthy environmental conditions will be to
blame for epigenetic changes the parents might pass on to
their offspring. Improved prevention programs during and
after pregnancy are needed and must clearly be part of the
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solution. The stigmatization of parents and their offspring
would at best be counterproductive. ®
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