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Emerging fields of science often cre-
ate new challenges for ethics and
law. In assessing the broader societal
implications of scientific discoveries,
a reasonable analĵ tical starting point
is determining how the discover-
ies compare with existing science. If
the new field is substantially similar
to an established one, then the ethi-
cal and legal analyses are likely to be
comparable. On the other hand, if
the new scientific developments are
extraordinary in kind or degree, then
a new analytical framework and new
approaches to ethics and law may be
necessary.

Perhaps the best known example of
the societal challenges of an emerg-
ing scientific field involves genetics
and genomics in the 1990s. Thomas
Murray, borrowing terminology from
the "HIV exceptionalism" debates of
the 1980s, coined the term "genetic
exceptionalism" to refer to the posi-
tion that genetics raises such unique
ethical and legal issues that they
ought to be addressed separately
from other health conditions or
information.' Among the reasons
why genetics was said to be differ-
ent is that genetic inheritance has
implications for reproduction, family
members, and members of the same
ethnic group; genetic inheritance is
immutable; genetic information is
predictive of future health; there is
a long history of misuse of genetics;
and genetic information is regarded
as distinct by many members of the
public.

Even though most scholars, includ-
ing Murray, rejected these arguments
supporting genetic exceptionalism,^
virtually all of the laws enacted at
the federal and state levels to protect
genetic privacy and prevent genetic
discrimination have been genetic-
specific or "exceptional" laws.̂  The
simple explanation for enactment
of genetic-specific laws is that nar-
row legislation limited to genet-
ics was politically feasible, whereas

more sweeping, generic legislation
to address underlying, broader social
problems (e.g., health-based discrim-
ination in access to health insurance)
had much less support.'*

Debates about exceptionalism are
certain to arise again as a result of
the growing pace of scientific discov-
ery in the field of epigenetics. The
threshold issue will be whether, as a
matter of ethics and law, it is appro-
priate to engage in "epigenetic excep-
tionalism." This article considers the
distinctive features of epigenetics
and discusses whether, as a matter of
ethics and law, epigenetics should be
considered separate from genetics.

Science of Epigenetics
Epigenetics literally means "above
the gene," and it refers to the modi-
fication of gene expression that
does not involve a change in DNA
sequence.5 Unlike an individual's
genome sequence, which remains
basically the same throughout life,
the epigenome may be altered by
environmental exposures.^ Further-
more, a change originally caused by
an environmental exposure may be
transmitted to offspring for an inde-
terminate number of generations.

Epigenetic changes (or marks)
result from a variety of environ-
mental exposures, broadly defined
to include diet, ionizing radiation,
tobacco smoke, air pollution, and
other exposures. Epigenetic changes
are produced through several bio-
logical processes, including meth-
ylation, acetylation of histone pro-
teins, transposable elements, RNA
interference, and imprinting.^ All of
these processes infiuence the timing
and quantity of gene products. Epi-
genetics affects whether, when, and
how certain genes become expressed.

Methylation, the most important
of the epigenetic processes, involves
the addition of a methyl group to
cytosine bases (the "C's" of the A, T,
C, G bases of DNA) to form methyl-
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cytosine.* Methylation suppresses
gene expression; the greater the
methylation, the less the gene expres-
sion.9 Whether this is a good or bad
thing for health outcomes depends
on the gene. Suppressing an onco-
gene is obviously a good thing, but
inhibiting the expression of a tumor
suppressor gene is not. Methylation
changes are inheritable both from
a progenitor cell to its progeny cells
through the process of mitosis (cell
division) as well as from a progeni-
tor organism to its progeny organ-
isms through the process of meiosis
(sexual reproduction).'" Thus, epi-
genetic marks caused by methyla-
tion may be transgenerational, which
results in the heritability of acquired
characteristics.

result in an adverse response. By con-
trast, the sensitivity of the genome
tends to remain constant throughout
the life cycle.'*

Third, genetic mutations tend to
be irreversible, subject to reverse
mutation only at extremely low fre-
quencies, but epigenetic changes are
intrinsically reversible.'̂  The revers-
ibility of epigenetic marks creates an
opportunity for epigenetic interven-
tions, including drugs and diet, to
restore normal epigenetic function.

Fourth, epigenetic changes tend to
be tissue-specific, and thus they can dif-
fer from one cell type to another within
the same organism.'^ In contrast,
germ-line genetic changes are gener-
ally stable and consistent throughout
the tissues of an individual organism.

genetics that it demands an entirely
new ethical paradigm and legal
regime. This section discusses some
of the leading issues in ethics and law.

Ethics
Several characteristics of epigenetics
raise interesting and important ethi-
cal concerns, including the following.

1. Environmental justice. Epigen-
etic effects have been associated with
exposure to various toxic chemicals,
airborne pollutants, pesticides, and
other harmful substances.18 Many
of these exposures are linked with
poverty, discriminatory land use, and
substandard living and working con-
ditions. At the same time, many indi-
viduals with these harmful exposures
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issue will be whether, as a matter of ethics and law, it is appropriate to
engage in "epigenetic exceptionalism." This article considers the distinctive
features of epigenetics and discusses whether, as a matter of ethics and law,

epigenetics should be considered separate from genetics.

Scientific Exceptionalism
Before addressing the ethical and
legal significance of epigenetics, it is
important to consider its scientific
attributes. Compared with genetic
mutations, epigenetic marks are dis-
tinctive in at least the following five
ways.

First, epigenetic changes tend to
occur at a much higher frequency
than mutations in DNA sequences."
For example, toxic agents acting
through genotoxic mechanisms
will usually result in mutations in
less than 0.01 percent of offspring,
whereas epigenetic processes often
affect the majority of offspring.'̂

Second, an individual's suscepti-
bility to epigenetic change is highly
dependent on the dose of the envi-
ronmental agent and the stage of
development at which exposure
occurs." In particular, exposures
at key stages of early development,
including the embryonic and neona-
tal periods, are much more likely to

Fifth, epigenetic changes tend to be
species-specific, so a carcinogenic or
toxic response in a laboratory study
using rodents may be less predictive
of a similar risk for humans than ani-
mal results produced by genotoxic or
other traditional toxicological mech-
anisms.''' This fact underscores the
need for epigenetic epidemiology to
study the effects in humans.

Ethical and Legal Exceptionalism
From a scientific standpoint, epigen-
etic discoveries are extraordinarily
exciting because they represent a new
way of understanding the processes
by which various harmful exposures
cause disease in humans and, in some
cases, their offspring. Furthermore,
epigenetics could point the way to
new methods of preventing and treat-
ing numerous disorders. Although
some aspects of epigenetics raise
interesting and challenging issues for
ethics and law, there is nothing inher-
ently unique about the science of epi-

are medically vulnerable because
of preexisting conditions and poor
clinical management. Therefore, epi-
genetics reinforces the need to con-
sider the relationship between home
and workplace exposures with health
effects as well as broader issues of
societal fairness in the differential
health risks ftom multiple exposures
and co-morbidities.19

2. Intergenerational equity. Because
of the transgenerational effects of
hazardous exposures via epigenetic-
mediated processes,20 future gener-
ations may be harmed by the actions
of the current generation. Intergen-
erational equity refers to the obliga-
tions of each generation to serve as
a steward of the planet, its environ-
ment, and its myriad species of plants
and animals. Arguably, the duty to
preserve the health of the earth's ani-
mal species includes protecting the
biological legacy of humanity. Even
assuming such a duty, however, it is
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not clear how to translate it into an
environmental ethos of minimizing
toxic exposures and the harms they
cause.

3. Privacy and confidentiality. Epi-
genetic research and applications
have the potential to produce signifi-
cant amounts of information about
the likelihood that an individual will
develop health problems, as well as
the possibility that the risk will be
transmitted to offspring. Because of
the greater use of electronic health
records and data repositories, the
expanded health information will be
more easily accessible. Thus, ethical
questions will arise about access to
and secondary use of epigenetic infor-
mation in various settings, including
insurance and employment.

4. Access to health care. Greater
knowledge about the processes by
which hazardous exposures result
in harmful effects will increase the
demand for detection, prevention,
monitoring, and treatment. Even
with increased access to health care
resulting from recent health reform
legislation, it is not clear whether cov-
erage will extend to the likely sophis-
ticated and expensive new tests to
detect and eventually to treat revers-
ible epigenetic alterations. Thus, an
ethical concern is whether epigenetic
discoveries could lead to an increase
in health inequality.

Law
Numerous federal and state laws
directly or indirectly apply to genet-
ics. Environmental statutes and
regulations were enacted to prevent
a range of adverse health effects,
including mutagenic effects. Numer-
ous other federal and state laws have
been enacted to prevent genetic dis-
crimination in areas such as employ-
ment and health insurance. An
important, and as yet unexplored,
issue is whether these laws apply to
epigenetics.

1. Environmental regulation. Begin-
ning in the 1970s, several state and
federal laws were enacted to regu-
late environmental (including occu-
pational) exposures. In determining

whether they are likely to be applied
to epigenetic harms, some threshold
issues are whether the enabling stat-
ute is broad enough to encompass
epigenetic harms, whether imple-
menting regulations are applicable
to epigenetic harms, whether there is
scientific evidence supporting regu-
latory action related to epigenetics,
and whether the enforcement agency
has the necessary expertise regard-
ing epigenetics. Because environ-
mental laws were generally written
to protect the public from certain
hazardous exposures (e.g., water, air,
pesticides) rather than certain health
effects (e.g., cancer), the laws apply
to all human health effects, including
epigenetic harms. The difficult regu-
latory question is when the scientific
evidence is sufficient to warrant reg-
ulatory action to prevent epigenetic
harms.̂ ^

2. Nondiscrimination. Numerous
federal and state laws enacted since
the 1990s prohibit discrimination
based on genetic information. The
key issue is whether genetic-specific
nondiscrimination laws include epi-
genetics. For example, the federal
Genetic Information Nondiscrimi-
nation Act of 2008 (GINA), prohib-
its discrimination based on genetic
information in employment and
health insurance. GINA protects
against adverse treatment based on
genetic information; it does not apply
to "manifested" conditions, including
genetic-related conditions. GINA
defines genetic information as infor-
mation about "(i) such individual's
genetic tests, (ii) the genetic tests of
family members of such individu-
als, and (iii) the manifestation of a
disease or disorder in family mem-
bers of such individual."22 A genetic
test "means an analysis of human
DNA, RNA, chromosomes, proteins,
or metabolites, that detects geno-
types, mutations, or chromosomal
changes." This language strongly sug-
gests that GINA does not apply to
epigenetic information, unless "an
analysis of human DNA" is broadly
interpreted to include epigenetic
marks associated with DNA. Because
language comparable to GINAs is
used in numerous state genetic non-

discrimination laws, it appears that
an amendment to add epigenetics or
new legislation is needed to prevent
epigenetic discrimination.

Conclusion
Even as the debate about genetic
exceptionalism remains ongoing,
recent discoveries in epigenetics raise
a new issue. Should epigenetics be
considered a separate field for pur-
poses of ethics and law, or should epi-
genetics be considered part of genet-
ics or the larger domain of health law
and policy? The distinctive features
of epigenetics, such as the greater
reversibility of epigenetic marks com-
pared with gene mutations, present
exciting opportunities for prevention
and treatment. When it comes to eth-
ics and law, however, it is difficult to
discern any unique principles differ-
ing from those applicable to genetics.

A certain irony exists surrounding
epigenetic and genetic exceptional-
ism. The most likely way of enacting
legislation protecting epigenetic pri-
vacy and prohibiting epigenetic dis-
crimination is by adding epigenetics
to existing genetic-specific laws.
Thus, in rejecting epigenetic excep-
tionalism, policymakers might find it
necessary to amend laws previously
enacted under the theory of genetic
exceptionalism.
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