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Epigenetics, society, and bio-
objects

The molecular account of the environmental that epige-
netics offers bestow it with paramount importance for bio-
medical perspective of health and disease and for social
sciences perspective on human interactions and well-be-
ing. It offers new prospects for interventions to shape the
health of both individuals and populations, and invokes
its own ethical, legal, and social implications. We here pro-
pose treatment of the relation between epigenetics and
society through the framework of bio-objectification. Af-
ter discussing how epigenetic information becomes part
of particular bio-identification and bio-objectification pro-
cesses, we then propose the bio-objectification framework
as a fruitful conceptual framework for the analysis of dy-
namic research and responsive regulatory landscape of
this biotechnology.

“What counts more: nature or nurture, the biological or the
social” has long been occupying minds of various people,
from philosophers, to social and natural scientists, to poli-
ticians and physicians, as well as of common citizens. Al-
though much has been said on this topic from an “interac-
tionist” point of view (both aspects, biological/nature and
social/nurture, are important), the “divide” survived into
contemporary days with “wars” being fought on whether
itis the DNA or the environment that make us who we are.
In this sense, the cover of the Time Magazine “Why your
DNA isn't your destiny” (1) epitomizes “the new interac-
tionist” paradigm brought about by rapid developments
in the field of epigenetics. With reference to what is on or
above the genome (epi- in Greek), “epigenetics collective-
ly describes changes in the regulation of gene expres-
sion that can be passed on to a cell's progeny but are
not due to changes to the nucleotide sequence of
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the gene” (2). These changes, depicted through epigenet-
ic marks, “determine which genes are expressed by which
cell type, and when" (2) and are transducers of the envi-
ronments in which genes prevail. And as technological de-
velopments make possible the study of more and more
complex interactions of genes and their environments,
the “gene context” (in genetic science, considered as the
cellular context of the genes) gets extended beyond the
cellular level to tie variations in gene expression between
individuals with social variables like socio-economic status
(3,4) and industrialization- and urbanization-produced life
styles (5). Such molecular account of the social grants epi-
genetics paramount importance. It influences, on the one
hand, biomedical perspective of health and disease, and,
on the other hand, social sciences perspective on human
interactions and well-being. Molecular visibility (6) of such
wide spectrum of effects, from environmental pollution to
parental care, to individual lifestyles or socio-economic sta-
tus, proposed by epigenetics, together with the plasticity
of epigenetic marks, offers new prospects for interventions
to shape the health of both individuals and populations.

One proposal as to how epigenetics promises to deliver
these prospects relies on causality: epigenetics will finally
allow to causally link environmental and social exposures
to bodily and health outcomes. Once the cascade of causal
events that leads to poor health outcomes becomes dis-
sected, it will be possible to interfere with these processes
to: 1) provide better treatment as well as diagnostic and
prognostic tools, and 2) develop effective preventive strat-
egies. This “causal” reading of epigenetics bears great im-
plications for responsibility for health. In cases of undesir-
able health outcomes and allocation of limited health care
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resources, it could tip the balance between the individual
responsibility for “poor health-related behaviour” and so-
ciety and community responsibility for providing enough
opportunities for ‘good health-related behaviour” (7). Tip-
ping the balance between individual and collective re-
sponsibility inevitably invites questions of what counts as
good and poor health-related behavior and how to disen-
tangle multitude of factors. For example, when the same
individual that does not smoke but practices very bad eat-
ing habits (which can indeed reflect either their personal
choice to eat unhealthy, but might be influenced by the
lower economic status or work related conditions), which
of all these factors should be considered in deciding the
factor that caused undesirable health outcome? The ques-
tion of whose responsibility the lived life represents is then
closely tied to questions of how to establish risk catego-
ries and how to stratify people across these categories ac-
cording to their health-related behavior (8). And if the so-
cial is of major importance to gene expression, how do we
weight social patterns of behavior or dietary patterns that
strengthen well-being and community?

The epigenetics promises to deliver the above mentioned
prospects through digitization: epigenetics is a transformer
of analogical vastness of the environmental and the social
into digital, code- and therefore genome-compatible infor-
mation (9). On this perspective, a new layer of complex-
ity is added to the existing debates on bio-data manage-
ment, with one of the leading concerns being related to
identifiability of patients and research participants in cases
of privacy breaches into databases (10,11). As potentially
sensitive information about individuals' private lifestyles
becomes digitized in epigenomic data sets, it is digitally
linked to their unique and therefore identifiable genom-
ic data, some of which are stored in publically accessible
databases. After listing just few of the most prominent
ethical, legal and social concerns (12,13), we here attempt
treatment of the relation between epigenetics and society
through the framework of bio-objectification. In discuss-
ing how biological material (biomaterial) and information
obtained from tinkering with that material (bio-informa-
tion) become part of particular bio-identification (analyti-
cal process of asking what new relations novel bio-objects
generates and/or upset, and how they are/could be gov-
erned) and potentially bio-objectification processes (analy-
sis of the ways in which novel bio-objects are created and
‘natural’ boundaries they disturb), we propose the bio-ob-
jectification framework as a fruitful conceptual framework
for the analysis of dynamic research and responsive regula-
tory landscape of biotechnology.

CM)

The concepts of bio-objects, bio-objectification and bio-
identification have been launched and elaborated within
the frame of the COST Action IS 1001 as new tools for anal-
ysis of present bio-technology products (novel biological
materials and forms of life), their production processes, and
their social, economic and cultural implications and conse-
quences (14). Bio-objects as entities move between institu-
tional, requlatory and legal boarders of research, medicine,
food, agriculture and industry (15,16). There are epigenetic
research outputs whose potential bio-objectification value
has been anticipated by their technological predecessor: 1)
epigenetically reprogrammed cell types (induced pluripo-
tent stem cells, iPSCs, and their differentiated derivatives),
which can be used for both replacement therapy and drug
discovery process (17), and 2) predictive epigenetic pro-
files, which will require (due to above mentioned complex
nature of epigenetic marks - namely plasticity in relation
to environmentally and socially induced changes) pro-
spective epigenome sampling and deposition of source
tissues and cells in biorepositories. Since both of these
outputs, iPSCs and predictive epigenetic profiles, have dis-
tinct characteristics, compared to their technological pre-
decessors, they do require a new cycle of bio-identification
process before they can be granted any bio-objectification
value. However, we believe that the original contribution
that epigenetics offers to the bio-objectification frame-
work is the possibility to include the environmental con-
textin general, and the social context in particular, in what
is bio-objectifiable. We thus propose the social context itself
as target for bio-identification and as potential bio-object.
Still our claim is not that account of the social put forward
by epigenetics will and should simply replace all others ac-
counts. Rather, it should be considered as complementary
to non-molecular accounts as it offers new insights into re-
lations between the social and the biological, visualizing
how the social becomes molecularly embodied. That be-
ing said, the molecular embodiments of the social are: 1)
sampled in the form of biological materials (entities); 2) re-
corded and measured in the form of epigenetic informa-
tion (bio-virtual); 3) transformed into digital read-outs (bio-
virtual with potential for bio-objectification), 3) archived in
the form of both biological materials and digital read-outs,
and 4) manipulated for research and/or technology-out-
put purposes.

“The social” in epigenetics runs across all dimensions in
bio-objectification and can indeed be considered as a
bio-objectifiable itself. Moreover, some of the concerns
were raised to the inclusion of “the social”in epigenet-
ics. We would like to invite further investigation of
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epigenetics through bio-objectification framework in trac-
ing and analyzing interrelatedness, transformation and
movement of its research outputs in general, and of the
social context in particular. We propose recent discussion
within the bio-objects network and bio-objectification
framework on European policy and economy with respect
to the value of bio-objects and the new bio-economies
they produce (18,19) as one direction in which this investi-
gation of the social and epigenetics can be furthered.

References

1 Cloud J. Why your DNA isn't your destiny. Time Magazine 2010 Jan
6.

2 Beyond the genome. Nature. 2015;518:273. Medline:25693522
doi:10.1038/518273a

3 McGuinness D, McGlynn LM, Johnson PCD, Macintyre A, Batty DG,
Burns H, et al. Socio-economic status is associated with epigenetic
differences in the pSoBid cohort. Int J Epidemiol. 2012;41:151-60.
Medline:22253320 doi:10.1093/ije/dyr215

4 Borghol N, Suderman M, McArdle W, Racine A, Hallett M, Pembrey
M, et al. Associations with early-life socio-economic position
in adult DNA methylation. Int J Epidemiol. 2012;41:62-74.
Medline:22422449 doi:10.1093/ije/dyr147

5  Orozco-Solis R, Sassone-Corsi P. Epigenetic control and the
circadian clock: Linking metabolism to neuronal responses.
Neuroscience. 2014;264:76-87. Medline:24486964 doi:10.1016/j.
neuroscience.2014.01.043

6  Nowotny H, Testa G. Naked genes: reinventing the human in the
molecular age. The Mit Press. 2011.

7  Chiapperino L. From consent to choice: the ethics of
empowerment-based reforms. Ph.D. diss., European School of
Molecular Medicine (SEMM) and University of Milan 2015.

8  Buyx A, Prainsack B. Lifestyle-related diseases and individual
responsibility through the prism of solidarity. Clinical Ethics.
2012;7:79-85. doi:10.1258/ce.2012.012008

www.cmj.hr

Croat Med J. 2015;56:166-8

Meloni M, Testa G. Scrutinizing the epigenetics revolution.
Biosocieties. 2014;9:431-56. Medline:25484911 doi:10.1057/
biosoc.2014.22

Gymrek M, McGuire A, Golan D, Halperin E, Erlich Y. Identifying
personal genomes by surname inference. Science. 2013;339:321-4.
Medline:23329047 doi:10.1126/science.1229566

Philibert RA, Terry N, Erwin C, Philibert WJ, Beach SRH, Brody GH.
Methylation array data can simultaneously identify individuals
and convey protected health information: an unrecognized ethical
concern. Clinical Epigenetics. 2014;6:28. doi:10.1186/1868-7083-6-
28

Rothstein MA, Cai Y, Marchant GE. Ethical implications

of epigenetics research. Nat Rev Genet. 2009;10:224.
Medline:19274047 doi:10.1038/nrg2562

Chadwick R, O'Connor A. Epigenetics and personalized medicine:
prospects and ethical issues. Personalized Medicine. 2013;10:463-
71.doi:10.2217/pme.13.35

Metzler I, Webster A. Bio-objects and their boundaries: governing
matters at the intersection of society, politics, and science.

Croat Med J. 2011;52:648-50. Medline:21990084 doi:10.3325/
€m;j.2011.52.648

Gajovic S, editor. Bio-objects at the intersection of medicine,
science and society. CMJ Book Collection. 2014.

Vermeulen N, Tamminen S, Webster A, editors. Bio-objects life in
the 21th century. Ashgate. 2012.

Chen FK, McLenachan S, Edel M, Da Cruz L, Coffey PJ, Mackey DA.
iPS cells for modelling and treatment of retinal diseases. J Clin
Med. 2014;3:1511-41. d0i:10.3390/jcm3041511

Maeseel P, Hendricix K, Pavone V, Hoyweghen I. Bio-objects’
political capacity: a research agenda. Croat Med J. 2013;54:206-11.
Medline:23630150 doi:10.3325/cm;j.2013.54.206

Svalastog AL. The value of bio-objects and policy discourses

in Europe. Croat Med J. 2014;55:167-70. Medline:24778104
doi:10.3325/cmj.2014.55.167


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25693522&dopt=Abstract
http://dx.doi.org/10.1038/518273a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22253320&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22253320&dopt=Abstract
http://dx.doi.org/10.1093/ije/dyr215
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22422449&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22422449&dopt=Abstract
http://dx.doi.org/10.1093/ije/dyr147
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24486964&dopt=Abstract
http://dx.doi.org/10.1016/j.neuroscience.2014.01.043
http://dx.doi.org/10.1016/j.neuroscience.2014.01.043
http://dx.doi.org/10.1258/ce.2012.012008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25484911&dopt=Abstract
http://dx.doi.org/10.1057/biosoc.2014.22
http://dx.doi.org/10.1057/biosoc.2014.22
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23329047&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23329047&dopt=Abstract
http://dx.doi.org/10.1126/science.1229566
http://dx.doi.org/10.1186/1868-7083-6-28
http://dx.doi.org/10.1186/1868-7083-6-28
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19274047&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19274047&dopt=Abstract
http://dx.doi.org/10.1038/nrg2562
http://dx.doi.org/10.2217/pme.13.35
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21990084&dopt=Abstract
http://dx.doi.org/10.3325/cmj.2011.52.648
http://dx.doi.org/10.3325/cmj.2011.52.648
http://dx.doi.org/10.3390/jcm3041511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23630150&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23630150&dopt=Abstract
http://dx.doi.org/10.3325/cmj.2013.54.206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24778104&dopt=Abstract
http://dx.doi.org/10.3325/cmj.2014.55.167

