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The Nature of Nurture: Refining the Definition of the Exposome
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We Need an Output of Environmental Exposures as Tangible as the
Mutated Gene

NATURE VERSUS NURTURE

Historical debates concerning human biology and behavior have
frequently focused on contributions of nature, ie, the inherited
characteristics with which we are born, and nurture, ie, life’s
influences after birth. Indeed, the concept of nature vs nurture
has guided our understanding of human biology for decades, if
not centuries. A series of discoveries has greatly advanced the
knowledge of our nature. Watson and Crick’s unraveling of the
double helix revolutionized the understanding of our genetic
makeup (Watson and Crick, 1953). The polymerase chain reac-
tion allowed amplification and manipulation of genes (Saiki
et al., 1988). Identified links between specific genes and dis-
ease (Saiki et al., 1985) led to new diagnostic tools and treat-
ments. These advances spurred the Human Genome Project
with success in sequencing the entire human genome (Lander
et al., 2001; Venter et al., 2001). This epic undertaking of bio-
medical science and technology was completed with amazing
speed and celebrated with great fanfare. But the limitation of
genetics to predict disease rapidly became obvious; as noted
by Dr Venter shortly after the completion of human genome
sequence, “We simply do not have enough genes for this idea of
biological determinism to be right (McKie 2001).”
Genome-wide association studies (GWAS) have revealed
genetic associations and networks that improve understanding
of disease, but these still account for only a fraction of disease
risk. With the majority of disease causation being nongenetic,
the need for improved tools to quantify environmental contri-
butions seems obvious. The simple distinction between genes
and environment is blurred by knowledge that environmental
exposures cause permanent genetic changes via mutagenesis
and also have long-term impact on gene expression through
epigenetic mechanisms. Importantly, epigenetic mechanisms

are central to differentiation and development, impacting
genome function before birth and throughout life.

The epigenome is highly reliant on nurture, ie, the nature
and timing of environmental exposures and external forces.
Randy lJirtle, a pioneer in epigenomics stated “The nature vs.
nurture argument is rapidly proving to be irrelevant, because
we’re finding that the 2 forces interact in highly specific ways
that alter gene behavior (Duke Health, 2006).” Although Dr
Jirtle suggests the argument is becoming irrelevant, the real-
ity is that biomedical research is overwhelmingly focused on
the gene side of this debate. The tools and knowledge of our
nature are far ahead of those for the environment. If we want to
focus on the interaction between nature and nurture, we need
better ways of cataloguing and integrating the complex expo-
sures and forces that represent nurture. Such a framework is
provided by the exposome.

THE EXPOSOME: A WILD IDEA

In 2005, Dr Christopher Wild coined the term “exposome” and
provided the basis for the concept (Wild, 2005). In brief, Dr
Wild suggested that the exposome “encompasses life-course
environmental exposures (including lifestyle factors), from
the prenatal period onwards.” Science and medicine have
responded slowly to the concept (Rappaport and Smith, 2010),
perhaps because the original definition appeared confined
to exposure assessment. A more appropriate position for the
exposome is on par with the genome as a foundation for con-
temporary medicine and public health. This is not to diminish
the importance of chemical exposures but rather to place those
exposures within the broader context of diet, behavior, and
other exogenous and endogenous agents (Jones et al., 2012).
With systematic information on exposures, environment-wide
association studies (Patel er al., 2010) could become much
more powerful and complement GWAS and deep sequencing
studies.
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In our view, the exposome is even more expansive than what
Dr Wild described 9 years ago. The exposome captures the
essence of nurture; it is the summation and integration of external
forces acting upon our genome throughout our lifespan (Miller,
2014). What we eat, where we live, the air we breathe, our social
interactions, our lifestyle choices such as smoking and exercise,
and the inherent metabolic and cellular activity manipulate the
biology encoded by our genome. This measurable quantity of
the exposome represents a biological index of our nurture and is
the context in which specific exposures have impact on health.

To date we have not seen much about the exposome in the
pages of toxicology and biomedical science journals because the
exposome was framed as a challenge to the field of exposure
assessment. Although there is no doubt that exposure science will
play an integral role, the exposome demands more. The expo-
some must explicitly include how our bodies respond to environ-
ment pressures, including epigenetic changes and mutations, as
well as the complex chemistry resulting from the biochemical
reactions that sustain our lives. This prompts a refined definition:
Exposome: The cumulative measure of environmental influences
and associated biological responses throughout the lifespan,
including exposures from the environment, diet, behavior, and
endogenous processes
There are 3 distinct differences between our definition and
that of Dr Wild. The first is the concept of the cumulative
biological responses. This captures the ongoing adaptations
and maladapations to external forces and chemicals and rep-
resents the body’s response to these challenges. The second
is the inclusion of behavior. This is used in a very broad
context to include personal and volitional actions and those
that result from family, community, or social units. It goes
beyond lifestyle to include the dynamic interaction with our
surroundings, including relationships, interactions, and physi-
cal and emotional stressors. A third change is the addition of
“endogenous processes.” Our bodies are complex biochemi-
cal reaction vessels with countless reactions occurring at any
time. Glycolysis, oxidative respiration, microsomal p450s, and
many other systems are generating new species and breaking
down others. Even the microbes that constitute our microbi-
ome play an important role and fall under the “endogenous
processes.” The complex exposures are still at the heart of the
definition, but the lingering damage; the DNA mutations or
adducts, epigenetic alterations, and protein modifications are
just as important as the chemicals themselves. In fact, they
provide the evidence of an actual effect and may be more read-
ily interrogated, eg, decades after exposure.

As toxicologists, we are especially interested in studying
the impact of chemicals on biological systems. Research on
the exposome is the epitome of such an endeavor. Although
exposome research will likely be led by environmental health
sciences (exposure science, environmental epidemiology, and
toxicology), it will require the involvement from a wide range of
disciplines. This is not a challenge restricted to those interested
in the environment, it is a critical question open to all interested
in biology. The revised definition makes this demonstrably clear.

A central challenge to exposome research is the need for an
output from environmental exposure research that is as tangible
as the mutated gene—something that epidemiologists and phy-
sicians can insert into existing frameworks of public health and
medical models for disease prevention and management. With
a broader definition, exposome research can begin to provide
the tangible and quantifiable entities that medicine and public
health desperately need. The success of the Human Genome
Project exposed an imbalance in the nature-nurture interaction.
Elucidating the exposome, ie, developing an integrated science
of nurture, will help fulfill the promises of the Human Genome
Project. Upon the publication of the first draft of the human
genome, Francis Collins stated “What more powerful form of
study of mankind could there be than to read our own instruc-
tion book? (Collins 2000)” The answer, of course, is to read the
subsequent chapters that explain the interactions between our
genes and our environment that determine health and disease.

FUNDING

Supported by NIEHS P30 ES 019776.

REFERENCES

Collins, F. 2000. White House Press Briefing. Washington, DC. Available at
www.genome.gov/10001356.

Duke Health. www.dukehealth.org/health+library/news/9583. March 27, 2006.

Jones, D. P., Park, Y., and Ziegler, T. R. (2012). Nutritional metabolomics:
Progress in addressing complexity in diet and health. Annu. Rev. Nutr. 32,
183-202.

Lander, E. S., Linton, L. M., Birren, B., Nusbaum, C., Zody, M. C., Baldwin, J.,
Devon, K., Dewar, K., Doyle, M., FitzHugh, W., et al.; International Human
Genome Sequencing Consortium. (2001). Initial sequencing and analysis of
the human genome. Nature 409, 860-921.

McKie, R. (2001). Revealed: The Secret of Human Behaviour. The Observer
(London).

Miller, G. W. (2014). The Exposome: A Primer. Academic Press, Elsevier, Inc.
Waltham, MA.

Patel, C. J., Bhattacharya, J., and Butte, A. J. (2010). An Environment-Wide
Association Study (EWAS) on type 2 diabetes mellitus. PLoS One 5, e10746.

Rappaport, S. M., and Smith, M. T. (2010). Epidemiology. Environment and
disease risks. Science 330, 460—461.

Saiki, R. K., Gelfand, D. H., Stoffel, S., Scharf, S. J., Higuchi, R., Horn,
G. T., Mullis, K. B., and Erlich, H. A. (1988). Primer-directed enzymatic
amplification of DNA with a thermostable DNA polymerase. Science 239,
487-491.

Saiki, R. K., Scharf, S., Faloona, F., Mullis, K. B., Horn, G. T., Erlich, H. A.,
and Arnheim, N. (1985). Enzymatic amplification of beta-globin genomic
sequences and restriction site analysis for diagnosis of sickle cell anemia.
Science 230, 1350-1354.

Venter, J. C., Adams, M. D., Myers, E. W., Li, P. W., Mural, R. J., Sutton, G.
G., Smith, H. O., Yandell, M., Evans, C. A., Holt, R. A., et al. (2001). The
sequence of the human genome. Science 291, 1304-1351.

Watson, J. D., and Crick, F. H. (1953). Molecular structure of nucleic acids; a
structure for deoxyribose nucleic acid. Nature 171, 737-738.

Wild, C. P. (2005). Complementing the genome with an “exposome”: the out-
standing challenge of environmental exposure measurement in molecular
epidemiology. Cancer Epidemiol. Biomarkers Prev. 14, 1847-1850.


http://www.genome.gov/10001356 
http://www.dukehealth.org/health+library/news/9583 

