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Abstract

Epigenetics is one of the most scientifically important, and legally and ethically significant, cutting-
edge subjects of scientific discovery. Epigenetics link environmental and genetic influences on the traits
and characteristics of an individual, and new discoveries reveal that a large range of environmental, di‐
etary, behavioral, and medical experiences can significantly affect the future development and health of
an individual and their offspring. This article describes and analyzes the ethical and legal implications
of these new scientific findings.

I. INTRODUCTION

Following completion of the sequencing of the human genome in 2003, the functional analysis of the
human genetic code seemed to be a relatively straightforward task. In fact, notwithstanding the enor‐
mous progress in understanding the genetic basis of diseases and other traits made possible by the
Human Genome Project, full understanding of human genetic processes has turned out to be far more
complex than initially expected. Perhaps the most important of these complexities is epigenetics, which
plays a major role in the expression of human genetic traits. From cancer to environmental toxicity to
maternal behavioral effects to in vitro fertilization risks, epigenetic effects play an important, previously
under-appreciated role in the interaction of nature and nurture to determine human traits.

† †† †††

“At the heart of this new field [of epigenetics] is a simple but contentious idea — that genes
have a ‘memory.’ That the lives of your grandparents — the air they breathed, the food they
ate, even the things they saw — can directly affect you, decades later, despite your never ex‐
periencing these things yourself.” BBC, Ghost in Your Genes.

https://www.ncbi.nlm.nih.gov/entrez/eutils/elink.fcgi?dbfrom=pubmed&retmode=ref&cmd=prlinks&id=19459537
https://pubmed.ncbi.nlm.nih.gov/19459537
https://pubmed.ncbi.nlm.nih.gov/?term=Rothstein%20MA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Cai%20Y%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Marchant%20GE%5BAuthor%5D


1/9/23, 7:26 PM THE GHOST IN OUR GENES: LEGAL AND ETHICAL IMPLICATIONS OF EPIGENETICS - PMC

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3034450/ 2/51

Epigenetic changes are alterations in the chemical modification of DNA that do not involve modifying
the actual DNA sequence, which is the genetic information coding for the various inherited traits and
predispositions in humans and other organisms. Although epigenetic effects do not change the genetic
code per se, they leave “marks” on the DNA sequence, which in turn affect whether, when, and how
specific segments of the genetic code are turned on or “expressed.” Accordingly, the genetic code has
been compared to the hardware of a computer, whereas epigenetic information has been compared to
computer software that controls the operation of the hardware.  Further, the factors that affect the epi‐
genetic information may be analogized as parameters for operating the software.

There is growing awareness of the importance of epigenetics from both a health and policy
perspective.  This is due in large part to the realization that the epigenome is highly sensitive and re‐
sponsive to environmental influences, including toxic exposures, dietary factors, and behavioral
impacts. While the nature and importance of at least some epigenetic changes are well-established,
many of the implications and mechanisms of epigenetics remain uncertain or speculative. Although the
term epigenetics has been used for decades, most of the progress and insights in understanding epige‐
netics has occurred in the past decade, and much remains to be understood. Several major scientific un‐
dertakings have recently focused efforts on epigenetic research, and significant new developments in
this field are occurring on a continual basis. It is clear that epigenetics is an enormously important and
generally under-appreciated mediator between the environment and genetics, and epigenetics is already
presenting important regulatory, legal, and ethical issues.

This article provides an initial exploration of the legal and ethical implications of the rapidly emerging
science of epigenetics. Part II defines epigenetics, summarizes the characteristics of epigenetic mecha‐
nisms, and describes the current state of research in this emerging field. Some examples of effects that
can result from aberrations in epigenetics are also discussed. Part III explores legal issues raised by epi‐
genetic data, including both regulatory and litigation applications. Part IV addresses the ethical impli‐
cations of epigenetics. Part V concludes by noting the conceptual and practical challenges in societal
responses to epigenetics.

II. BACKGROUND

A. Description of Epigenetics

The term “epigenetics” was first introduced in 1942 by Conrad Waddington to describe the interactions
of genes with their environment, which bring the phenotype into being.  Today, epigenetics refers to
modifications of the genome that do not involve a change of DNA sequence (i.e., the A’s, C’s, G’s and
T’s that code information in DNA).  Until recently, most genetic variation was believed to be caused by
mutations that change the DNA sequence, thus resulting in altered gene products with different proper‐
ties affecting the development of phenotypic traits, such as eye color, metabolism, and disease suscepti‐
bility.  While epigenetic changes can result in changes in the expression of these same traits, they do so
not by changing the form or function of gene products, but by altering the timing and quantity of their

1

2

3

4

5



1/9/23, 7:26 PM THE GHOST IN OUR GENES: LEGAL AND ETHICAL IMPLICATIONS OF EPIGENETICS - PMC

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3034450/ 3/51

production in tissues at key points in time.  Changes in determining which genes are expressed and
their degree of expression can have dramatic effects on the development and characteristics of an
organism.

Some epigenetic changes involve chemical alterations to the DNA molecule itself, most commonly the
addition of a methyl group to cytosine bases (the “C’s”) to form methyl-cytosine,  which makes the
DNA molecule in that region less likely to be expressed. This binding predominantly occurs at sites
where a C precedes a guanine (“G”) base to form what is referred to as a CpG site.  In somatic cells,
approximately 70 percent of the over 28 million CpG units in the human genome are normally methy‐
lated, helping to suppress expression of many genes.  CpG sites often are clustered upstream of many
mammalian genes to form CpG islands. These upstream regions are often the “promoter” region of a
gene, where the binding of a specific molecule (the “promoter protein”) that recognizes the promoter
sequence will cause the gene to be expressed.

When the CpG islands are relatively unmethylated, that region of the chromosome is in an “open” con‐
figuration that permits increased accessibility to the gene promoter.  In contrast, binding of a methyl
group to a cytosine base makes the DNA strand less available to be expressed. If enough of the cytosine
bases in a CpG island upstream of a gene are methylated (“hypermethylation”), these epigenetic
changes will turn off the gene. There is thus an inverse relationship between DNA methylation and gene
expression.  Methylation is responsible for the normal suppression of many genes in somatic cells.

Other epigenetic changes involve chemical alterations to the proteins that bind with DNA to form chro‐
mosomes, including methylation or acetylation of histone proteins that bind with DNA and affect the
higher-order structure of chromosomes and the nucleus.  For example, the acetylation of histone pro‐
teins signals an open configuration of the chromosomal region that promotes expression, whereas
deacetylation causes the chromosome to become more compacted and inactive.  The third and most
recently discovered type of epigenetic effect is RNA interference, which involves RNA molecules pro‐
duced from DNA binding back to the DNA at specific sites to turn off gene expression.  Although the
various types of epigenetic changes have generally been studied separately until recently, “[i]t is becom‐
ing clear that significant crosstalk exists between different epigenetic pathways.”  Each epigenetic
change is referred to as a “mark,” and the total set of epigenetic marks in an organism is referred to as
the epigenome.

An important aspect of epigenetic changes is that they are durable, have a propensity to spread, and can
even be transmitted from one generation to the next. Some epigenetic alterations, in particular DNA
methylation changes, are inheritable both from a progenitor cell to its progeny cells through the process
of mitosis (cell division), and from a progenitor organism to its progeny organisms through the process
of meiosis (sexual reproduction).  Thus, for example, when the DNA strand copies itself when a cell
divides, the methyl groups on the parent DNA strand are copied onto the new daughter DNA strand. A
growing body of evidence exists in animals, plants, and humans that epigenetic effects induced by many
types of stimuli and interventions–including nutrition, endocrine disrupting chemicals, maternal care,
and maternal stress–can be inherited transgenerationally and affect subsequent generations.
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Another important aspect of epigenetic effects is that they are sensitive to the stage of development, at
which epigenetic patterns are subject to reconfiguration or “reprogramming.”  The age at which an or‐
ganism is exposed to epigenetic-altering substances or behaviors is therefore a critical factor affecting
the consequences of such exposure. Exposures to developing fetuses at the gestation stage and newborn
offspring involve the most sensitive periods for many epigenetic effects.

B. The Roles of Epigenetic Programming in Normal Cells

Epigenetics plays several important roles in normal cells. The primary function of epigenetic program‐
ming is to control cell differentiation through differential gene expression.  Every somatic (i.e., non-
gametic) cell in the human body has essentially the same genetic material.  Yet, different cell types,
whether skin cells, muscle cells, bone cells, or nerve cells, display markedly different properties due to
different sets of genes being turned on or off. Because different cell types maintain their fate during cell
division even though their DNA sequences remain the same, essentially, the developmental processes
are regulated largely by epigenetic mechanisms that turn off unneeded genes in a tissue-specific
pattern.

A second function of epigenetic programming is to control transposable elements in the genome.
Transposable elements or transposons, sometimes referred to in the vernacular as “jumping genes,” are
DNA segments that have the capability and propensity to jump around the genome. These sequences
are very common in the human genome (estimated to comprise up to 50 percent of the entire human
genome),  they tend to be highly repetitive sequences, and they probably originated from viruses or
other pathogens and subsequently became integrated into the human genome.  While some movement
of transposable elements around the genome can generate new genetic variation and flexibility, such
movement can be damaging by integrating and disrupting other important genes, potentially resulting in
mutation and cancer-generating changes. Epigenetic programming often silences these disruptive se‐
quences by making the surrounding chromatin more compact, thereby inhibiting the replication and
transposition of transposable elements.

A third epigenetic function in normal cells is a process known as “imprinting.”  Usually, both copies
of a gene in the human genome are expressed, but some genes are subject to imprinting, which selec‐
tively “turns off” either the copy of the gene received from the mother or the copy received from the fa‐
ther. Several hundred human genes, or approximately one percent of human genes, are believed to be
subject to this imprinting phenomenon, which involves DNA methylation.  The leading theory for ex‐
plaining gene imprinting is that it represents a battle between the sexes, known as the parental conflict
hypothesis.  According to this hypothesis, genes that cause a mother to devote more energy and re‐
sources to its developing offspring tend to favor the reproductive success of the father’s genes (in the
form of the embryo) over the mother’s well-being, and for such genes the paternal version tends to be
expressed while the maternal version is silenced in the offspring.  Conversely, genes that do not sacri‐
fice the mother’s health for the benefit of the offspring tend to be maternally expressed with the paternal
contribution silenced. One implication of this “battle of the sexes” played out through epigenetic im‐
printing is that it matters from which parent you get a gene. It may also explain why some conditions,
including autism, Alzheimer’s disease, bipolar disorder, and schizophrenia, have higher risks of being
passed on to the next generation depending on whether the mother or father has the condition.  In ad‐
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dition to genes imprinted in a parent-of-origin-specific manner,  other genes seem to be randomly im‐
printed, with up to five percent of human genes having only one or the other copy expressed in a given
tissue, resulting in yet another epigenetic mechanism producing divergent genetic expression from the
same genotype.

Finally, and perhaps most significantly from the perspective of public policy and health protection, epi‐
genetics provides a mechanism for a developing organism, either in utero or postnatally, to assess its en‐
vironment and adjust its genetic response accordingly. The powerful influence that epigenetic effects
can have on the expression of genes, and thus the organism’s resulting phenotype, provides a rapid
feedback mechanism by which an individual’s environment can influence its genetically-programmed
development. Such mechanisms allow a developing organism to adjust its phenotype to its anticipated
environment, thereby increasing its fitness (provided that the environment does not change significantly
between the organism’s early developmental stages when epigenetic patterns are set and the adult envi‐
ronment).  Various factors, such as diet, lifestyle, and environmental exposures, can affect the epige‐
netic status of human and other organisms, helping to direct their development.

As discussed above, the individual is particularly sensitive to these epigenetic influences at certain early
stages of development. As one writer succinctly described this dynamic, “[t]he notion is that we experi‐
ence periods in development when our bodies are programmed to collect information about our envi‐
ronment, then readjust our growth depending on what we find.”  This flexibility allows an individual
organism to adapt its genetic expression to the environmental conditions it encounters in early develop‐
ment, without the necessity of permanent changes to the genome that would limit the flexibility of fu‐
ture generations that may experience very different conditions.  As succinctly summarized by one
leading epigenetics researcher, epigenetics allows an organism to rapidly “respond to the environment
without having to change its hardware.”

By this mechanism, environmental factors produce changes in gene expression and resulting genetic
characteristics over an individual’s lifetime, rekindling the early nineteenth century concept of the heri‐
tability of “acquired characteristics” attributed to Jean-Baptiste Lamarck.  By providing a mechanism
by which environmental factors can influence the expression of genes, epigenetics acts as a mediator
between the environment and the genome.

As discussed further below, when certain environmental factors affect a critical epigenetic control in the
rapidly developing organs, it often leads to diseases in the person exposed.  Some epigenetic changes
leading to cancers and other diseases have been found to be transgenerational with nearly 100 percent
penetrance, in that the altered epigenetic pattern can be transmitted to subsequent generations effective‐
ly without physically being exposed to the original trigger of the epigenetic change.

C. Examples of Abnormal Epigenetic Effects

Although epigenetic mechanisms are important for normal development, the disruption of epigenetic
processes can lead to detrimental consequences. As one recent review noted, “[j]ust as epigenetic
change is at the heart of normal development, so also do disruptions in epigenetic modifications disturb
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normal developmental programs.”  Some prominent examples of epigenetic aberrations that can ad‐
versely affect human health and welfare are summarized below.

1. Cancer It is now widely accepted that epigenetics plays a key role in many cancers,  and indeed
DNA methylation has even been referred to as the “hallmark of cancer.”  Two types of abnormal DNA
methylation patterns are observed in virtually all human cancers, including colon, breast, prostate, and
lung tumors.  First, genome-wide hypomethylation, or the loss of methylation, has been demonstrated
in almost all human tumor types.  This loss of methylation could result in the activation of normally
suppressed oncogenes, which are genes that promote tumor formation, thereby increasing the risk of
cancer.  The degree of hypomethylation of many tumors is related to the aggressiveness of the tumor:
as the tumor becomes progressively demethylated it becomes more dangerous and invasive in form.
The overall reduction of methylation in cancerous cells is accompanied by increases in methylation (hy‐
permethylation) at specific sites in the genome. Second, more localized hypermethylation of the pro‐
moter regions of tumor suppression genes that normally help the cell stave off tumor formation results
in reduced expression of those genes, and hence increased risk of tumor formation.  In mice, experi‐
mental data directly demonstrate that this global hypomethylation and localized hypermethylation can
cause cancer.

Another epigenetic mechanism of cancer causation is loss of imprinting. Aberrant activation of the nor‐
mally silent copy of an imprinted growth-promoting gene, or aberrant silencing of the normally ex‐
pressed copy of an imprinted tumor suppressor gene, can result in cancer formation.  For example, in
Beckwith–Wiedemann syndrome,  loss of imprinting of two neighboring stretches of the DNA on the
maternal chromosome that are normally imprinted disrupts the normal function of the cells in respond‐
ing to internal or external environmental cues.

2. Adult Onset Diseases Scientists have established that DNA methylation patterns change throughout
the stages of human development, and changes are the most drastic during embryogenesis. Strong evi‐
dence supports the notion that predisposition to various types of diseases that do not manifest until later
in life may be encoded epigenetically at early developmental stages.  This theory, sometimes referred
to as the “early origins” or fetal basis of adult disease model,  hypothesizes that “the evolution of de‐
velopmental plasticity, which enables an organism to adapt to environmental signals during early life,
can also increase the risk of developing chronic diseases when there is a mismatch between the per‐
ceived environment and that which is encountered in adulthood.”  Evidence links DNA methylation to
common late onset diseases, such as hypertension, diabetes, obesity, schizophrenia,  and bipolar disor‐
der;  developmental disorders, such as Beckwith-Wiedemann syndrome, Angelman syndrome,
Prader-Willi syndrome;  and other disorders, such as Alzheimer’s disease, asthma, and coronary artery
disease.

An intriguing example of such an effect is growing evidence from both animal and human studies that
nutritional scarcity in early development epigenetically programs individuals with a “thrifty” phenotype
that allows them to maximize energy and growth from scarce food resources.  Once established in ear‐
ly development, this phenotype is fixed for the lifetime of the individual. However, if the individual en‐
counters different conditions later in life where food is more abundant, the epigenetic programming will
now mismatch with the environment, with the result that the individual is prone to developing condi‐
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tions such as obesity and Type 2 diabetes.  For example, a study of 300,000 young men born before,
during, and after an extreme eight-month famine in the Netherlands during World War II found a signif‐
icantly higher incidence of obesity in those individuals who were in the first two trimesters of in utero
development during the famine.

3. Transgenerational Effects of Endocrine Disrupting Chemicals Maternal exposure to hormone disrupt‐
ing chemicals (or endocrine disruptors), such as xenoestrogens, oestrogenic (estrogenic), and hormone
mimicking chemicals, may interfere with the epigenetic reprogramming of the fetal germline at key
stages of early development, resulting in transgenerational adverse effects. Perhaps the best-known ex‐
ample of such effect is from diethylstilbestrol (DES), an estrogenic pharmaceutical agent given to preg‐
nant women from the 1940s to the early 1970s to avoid miscarriage. DES ingestion increased the risk
of reproductive disorders and rare forms of cancer in DES daughters and granddaughters.  Animal
tests suggest the effects of maternal DES exposure were transmitted through the maternal germline to
offspring via both genetic and epigenetic mechanisms.

Although DES has been banned for several decades, other endocrine disruptor chemicals may operate
through epigenetic mechanisms to adversely affect human health. For example, vinclozolin, a fungicide
used on a number of crops such as grapes and strawberries, induces a wide variety of adverse effects,
including spermatogenic abnormalities, male infertility, breast cancer, and kidney disease, in animal
tests, not only in the first generation but also in generations two through four.  These abnormalities oc‐
cur at frequencies ranging from twenty to ninety percent of individual animals in subsequent genera‐
tions, an enormously high rate that is consistent with an epigenetic mechanism.  Although exposure
levels in this study were much higher than typical environmental exposures, the study is important for
demonstrating that endocrine disrupting substances can have epigenetic effects that are passed on to
several subsequent generations.

4. Ionizing Radiation Modern low radiation cancer therapy has led to increased patient survival rates.
However, one of the radiation treatment-related complications is the potential risk of genome instability
in the progeny of radiation-treated parents. At this time, there is no conclusive evidence of increased
risk of genetic disease in offspring of long-term survivors of cancer.  In animal experiments, X-ray ir‐
radiation produced trans-generational male germline-specific epigenetic mutations, which means: an el‐
evated mutation rate in the reproductive cells that persists in subsequent generations.  Therefore, low-
dose radiation may directly affect methylation and chromatin structure. In humans, a significant reduc‐
tion of global cytosine DNA methylation and the levels of enzymes responsible for maintaining meth‐
ylation were observed in the thymus tissue of the offspring of radiation-exposed parents.  Given this
observation of significant damage to the epigenetic regulation system in the offspring, it is possible that
the resulting genome destabilization may be a precursor for transgenerational carcinogenesis.

5. Smoking and Air Pollution Exposure to toxic contaminants in tobacco smoke has been found to in‐
fluence the development and health of subsequent generation(s).  One study reported that fathers who
started smoking before age eleven have sons of heavier average weight at age nine, compared to sons
whose fathers smoked later in their life or never smoked.  The same study also showed that paternal
smoking does not affect the weight of daughters, but does induce sex-specific, male germ-line transgen‐
erational responses in the male offspring.  Another study found that grandchildren of grandmothers
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who smoked during the fetal period had an increased risk of developing asthma in their first five years
of life.  With respect to air pollution, a recent study found that exposure of mice to diesel exhaust par‐
ticles and allergens induced methylation changes beyond what occurred with exposure only to the aller‐
gen, suggesting that such changes may be involved in asthma etiology.

6. Diet Dietary factors that affect the methylation process have also been found to affect disease risk
through epigenetic mechanisms.  In the fetal development of mice, dietary supplementation with nutri‐
ents that tend to increase methylation (“methyl donors”) such as folic acid, methionine, vitamin B ,
choline and betaine, increases DNA methylation.  In addition, the phytoestrogen genistein found in
soy, while not a methyl donor, also has the effect of increasing DNA methylation through an unknown
mechanism.  Conversely, diets lacking methionine, folate, or other methyl donors have been shown to
lead to reduction in methylation across the entire genome in rats, producing an increase in tumor forma‐
tion.  Another study demonstrated that reducing the availability of methyl donors such as folate acid
and certain vitamin B compounds in the diet of adult female sheep resulted in offspring that were heav‐
ier and fatter than normal as adults, had elevated blood pressure, and were insulin resistant.  Excessive
alcohol intake also has been shown to produce global reductions in methylation.  These findings sug‐
gest the need to continually reassess both the beneficial effects and the potential risks of many dietary
supplements (e.g., folates) that could affect methylation patterns in future generations. Postnatal abnor‐
mal nutrition, such as caloric restriction diets, could affect gene imprinting and cause diabetic and uter‐
ine defects.

The classic demonstration of epigenetic effects from diet comes from the agouti mouse, in which the
coat color and health of offspring mice are dependent on maternal dietary methyl supplementation.
Without maternal dietary supplementation, offspring tended to have yellow coats and obesity, and were
prone to diabetes and cancer, whereas offspring of mothers which were given methyl supplements (in‐
cluding folate, L-methionine, and vitamin B ) during a critical mid-stage of gestation tended to have
agouti coats and were lean and non-diabetic.  Significantly, this epigenetic effect was not limited to the
first-generation offspring, but was also passed on to the second generation, suggesting that a grand‐
mother’s diet might affect her grandchildren’s health via an epigenetic mechanism.

Some intriguing studies in human populations have reported evidence of such a transgenerational effect
of nutritional status on subsequent generations. For example, in one study, the food availability for
grandparents when they were 8 to 12 years old affected the longevity of their same-sex grandchildren,
with scarcity of food for the grandparent being associated with longer life expectancy in their grand‐
children of the same gender.

7. In Vitro Fertilization Assisted reproductive procedures may disrupt imprinted genes during epigenet‐
ic reprogramming, especially in the presence of adverse environmental factors. As a therapy for male
infertility, in vitro fertilization (IVF) and intracytoplasmic sperm injection (ICSI) facilitates conception
using abnormal sperm, which may contain imprinting defects.  However, the IVF/ICSI process may
also lead to imprinting changes from exposure of the oocyte or developing embryo to exogenous factors
in culture media.  Aberrant methylation of imprinted genes due to in vitro culture of embryos has been
observed in sheep and rats.  Although no similar effects have been observed in human embryos, the
clinical data on IVF babies has shown a six-fold increase in the incidence of Beckwith-Wiedemann
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syndrome (BWS) in couples conceiving with IVF/ICSI, as well as an increased incidence of Angelman
syndrome (AS).  BWS and AS are two rare diseases related to aberrant imprinting. Like other
IVF/ICSI associated imprinting-related diseases, they are caused by maternal aberrant hypermethyla‐
tion, suggesting a defect in the oocyte or a defect occurring during the time of fertilization and early
embryo culture in the IVF/ICSI procedure.  Likewise, embryonic stem cells appear to be prone to epi‐
genetic changes which could affect their stability and utility for therapeutic applications.

Cloning animals using somatic cell nuclear transfer (SCNT), or potentially cloning humans in the fu‐
ture, may also involve aberrant epigenetic programming because the newly formed embryo’s first key
epigenetic period occurs shortly after fertilization, when the donor nucleus is being integrated into the
denucleated oocyte during SCNT. According to the FDA, “[b]ecause preimplantation reprogramming
occurs after fertilization, and in the case of nuclear transfer, after fusion of the donor nucleus with the
oöplast, it is the most immediately affected by the cloning process, and may be most directly implicated
in the development of clones with defects …The [FDA] assumes that if clones were to pose food con‐
sumption risks, the only mechanism by which those risks could arise would be from inappropriate epi‐
genetic reprogramming, similar to those observed for other ARTs.”

8. Aging Aging remains the most complex phenotype studied so far. It has been well-documented that
global methylation levels decrease in human tissues with the aging process,  and it has been suggested
that reduction in methylation may be associated with a functional decline in learning and memory with
age.  Identical twins born with identical genotypes increasingly diverge in their epigenetic profiles as
they age, with the extent of divergence increasing as the twins got older, had different lifestyles, or
spent less of their lives together.  “The cause of alterations in the pattern of DNA methylation during
aging is not fully understood,” but the data suggest that environmental factors modify epigenetic pat‐
terns to create different phenotypes from the same genotype.  Although the mechanism of these epige‐
netic changes accompanying aging remains poorly defined, it appears that these epigenetic alterations
contribute to certain aging effects, including genomic instability, increased risk of cancer, and develop‐
ment of autoimmunity.

9. Maternal Behavior There are intriguing suggestions that maternal behavior can induce epigenetic
changes in offspring that affect health later in life. Perhaps the most dramatic studies are those showing
that nurturing behavior by female rats to their offspring in the first week of life affected behavioral pat‐
terns in those offspring, with increased pup licking and grooming resulting in grown offspring that ex‐
hibit reduced fearfulness and better response to stress.  These maternal programming effects have
been shown to be mediated by epigenetic changes including both DNA methylation and histone
changes.  While these behavioral effects of early developmental epigenetic programming typically
last the lifetime of the animal, subsequent studies have shown that the epigenetic effects and their be‐
havioral consequences can be reversed with interventions involving dietary methyl supplementation.
As one review of these data summarized, “these findings indicate that early postnatal life experiences
can modify behaviour by altering the epigenome, and that the inherent plasticity of the epigenome po‐
tentially allows for reversal in adulthood – an important finding in terms of possible therapeutic
strategies.”
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A growing body of data also suggest that maternal behavior in humans can affect the subsequent health
of children via an epigenetic mechanism. For example, a recent study found that maternal stress, mea‐
sured as medication for depression or anxiety during the early years of a child’s life, increased the risk
of asthma in those children later in life when they reach age seven.  The authors of this study con‐
cluded that their findings “are consistent with emerging evidence that maternal care alters stress re‐
sponses in the offspring through an epigenetic model of inheritance.”

D. Unique Aspects of Epigenetic Changes

Epigenetic changes are similar to genetic mutations in that they can both result in heritable changes in
gene expression and function. In addition, there are several unique characteristics of epigenetic changes
that differ from traditional genetic mutations, including the following.

Epigenetic changes tend to occur at a much higher frequency than mutations in the DNA
sequences.  For example, toxic agents acting through a genotoxic mechanism will usually only
result in mutations in less than 0.01 percent of offspring,  whereas epigenetic processes often
affect the majority of offspring.
Epigenetic perturbations allow for much more rapid evolutionary change than traditional genetic
mutations.  This potential for rapid variation permits a species to respond much more quickly to
changes in environmental conditions.
Susceptibility to epigenetic change is highly sensitive to the dose of relevant environmental agents,
and also to the stage of development at which exposure occurs.  In particular, exposure at key
stages of early development such as gastrulation and neonatal development are disproportionately
prone to result in adverse response. The epigenetic state of an organism has a “lifecycle,” whereas
genotype does not, remaining constant throughout the organism’s lifecycle.  Accordingly, “the
nascent field of ‘environmental epigenomics’, must consider not only the magnitude but also the
timing of exposure.”
Genetic mutations tend to be irreversible, subject to reverse mutation only at extremely low
frequencies, but epigenetic changes are intrinsically reversible.  This creates the opportunity for
epigenetic interventions in the form of drugs or diet to restore normal epigenetic status, and suggests
that diseases caused by epigenetic aberrations may be more easily treatable and preventable than
diseases caused by more permanent genetic mutations.
Epigenetic changes tend to be tissue-specific, and thus can differ from one cell type to another
within the same organism.  In contrast, germ-line genetic changes are generally stable and
consistent throughout the tissues of an individual organism. This tissue-by-tissue variability of
epigenetic alterations could have important practical effects, such as differential effects of drugs in
different tissues.
Epigenetic changes also 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 such animal
results produced by genotoxic or other traditional toxicological mechanisms.  Moreover, non-
vertebrate species used in many toxicological assays have little or no methylation, making them
inappropriate for evaluating epigenetic effects, even though they might be useful models for
mutagenesis and other toxic effects.
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E. Questions Remaining to be Answered in Epigenetics Research

Epigenetics is an emerging field, especially as applied to humans. Aberrant DNA methylation profiles
were first identified in human cancer about twenty-five years ago. Today, epigenetic regulation has been
shown to be prevalent in the genome, and what is now known may only be the tip of the iceberg. From
September 2006 to September 2007, more than 2500 articles were published in this field.  Numerous
studies have found that many cancers and common diseases are regulated epigenetically as well as
genetically.

At this point, scientists are unsure of how many substances cause epigenetic effects; what the degree of
penetrance is for inherited epigenetic changes; what, if any, predispositions make individuals more sus‐
ceptible to epigenetic alterations; whether tests will soon be available to identify epigenetic changes be‐
fore they are manifested; and whether causal factors can be distinguished.  Ultimately, the answers to
these questions rely on the decoding of the underlying mechanisms of epigenetic regulation related to
age, diet, lifestyle, environmental toxicity exposure, and other unrevealed factors. Nevertheless, the
gene-specific DNA methylation correlated with cancers and common diseases is now being investigated
for potential use as biomarkers for molecular diagnosis, prognosis and prediction of biological aggres‐
siveness and clinical responsiveness of disease treatment.

With retrospective studies of DNA methylation patterns and the availability of screening and analytical
methods, the list of methylated genes as biomarker candidates is continuously expanding.  However,
clinically applicable biomarkers to detect diseases are still limited. One notable finding is that a meth‐
ylation biomarker for colorectal cancer has a seventy percent accuracy rate in detecting cancer in pa‐
tients.  At the present time, there is no FDA approved DNA methylation-based molecular test kit for
diagnostic purposes. Meanwhile, epigenetic therapies are being developed to reverse gene deactivation
due to abnormal DNA methylation. The drug 5-azacytidine is the first FDA approved hypomethylating
agent to treat myelodysplastic syndrome, a disease involving aberrant gene promoter hypermethylation
events.

III. LEGAL APPLICATIONS

In this section we explore the subset of legal issues most closely related to the unique scientific charac‐
teristics of epigenetics. In particular, we consider regulation, litigation, and discrimination.

A. Regulatory Applications

1. Environmental Regulation As awareness of the critical role of epigenetics in both normal and abnor‐
mal cell development has grown, so too has the realization of the potential importance of the disruption
of epigenetic mechanisms as a toxicity mechanism and an environmental regulatory priority.  Many
important toxic chemical hazards are now known or suspected to act, at least in part, by epigenetic
mechanisms.  Examples include some endocrine disrupting chemicals such as certain pesticide and
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plastic compounds,  and metals such as nickel,  cadmium,  and arsenic.  Most recently, rela‐
tively low-level exposures to bisphenol A, a compound used in many plastic products, was shown to
cause epigenetic alterations in rats that may increase cancer risk.

A number of federal environmental regulatory statutes require assessments for risks to human health
that potentially implicate epigenetic effects, including the Clean Air Act (CAA),  the Clean Water Act
(CWA),  the Toxic Substances Control Act (TSCA),  the Comprehensive Environmental Response,
Compensation and Liability Act (CERCLA),  the Resource Conservation and Recovery Act,
(RCRA),  the Safe Drinking Water Act (SDWA) , and the Federal Insecticide, Fungicide, and
Rodenticide Act (FIFRA).

The environmental statute most likely to first incorporate epigenetic assessments is FIFRA, as amended
by the 1996 Food Quality Protection Act (FQPA), which regulates pesticide safety.  There are several
aspects of FIFRA that would make this statute a particularly likely candidate for incorporating epige‐
netic data into risk assessment and regulatory decisions. First, FIFRA is the only federal environmental
statute that requires pre-market safety testing and regulatory approval of chemical products, in this case
pesticides. Before a pesticide can obtain regulatory approval to be commercially distributed, a pre‐
scribed battery of approximately 100 toxicology assays must be conducted and reported to the EPA in a
process called “registration.”  Although none of these assays currently directly evaluates epigenetic
effects, it would be relatively straightforward to incorporate such an assay into the prescribed battery of
tests. Second, the 1996 FQPA amendments require the EPA to develop a testing program for endocrine
disruptor pesticides, which often involve epigenetic effects.  Finally, FQPA required the EPA to pre‐
sumptively apply an extra ten-fold safety factor to protect children,  and again because epigenetic ef‐
fects are expected to occur in early development, this new provision is also amenable to considering
epigenetic influences.

Notwithstanding these provisions, the EPA has yet to take regulatory action or develop a risk assess‐
ment method based expressly on epigenetic risks under FIFRA or any other federal environmental
statute. The potential for a significant epigenetic role in toxicity from many environmental exposures
suggests that new assays may be needed in safety assessments to evaluate such effects. Direct assess‐
ment of epigenetic changes, such as the levels of DNA methylation, may be warranted in toxicity
screening batteries such as those provided under FIFRA for pesticides. One recent review warned:

Other experts suggest that routine testing for methylation status may be premature, but that such assess‐
ments may be useful to consider on a case-by-case basis.  It has also been suggested that DNA meth‐
ylation status may be useful as a biomarker of toxicity that could be used to screen individuals or organ‐
isms that have been exposed to toxic substances.  While DNA methylation is being used as a cancer
biomarker, it has not yet been used as a biomarker for evaluating exposure to and risk from hazardous
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The fact that exposure of a mother to some common environmental agents can result in the
persistent chemical modification of the genome of the offspring points out to the critical ur‐
gency for screening and identifying environmental epigenetic modifiers. Such agents would
have escaped detection using classic assays for genotoxic agents and environmental
hazards.141
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substances.  Given the trans-generational nature of many epigenetic disruptions, transgenerational
studies will be needed to evaluate some epigenetic-mediated toxicity. This has significant scientific,
economic and legal implications. For example, insurance policy claims and tort liability may have a
“long tail” if the toxic effects from agents acting via an epigenetic mechanism are not manifested until
one or more generations into the future.

Such assays will raise critical issues about the definition of a toxic or “adverse” effect. Several environ‐
mental statutes, including both FIFRA and TSCA, require manufacturers to report data suggesting that
their products may produce “adverse” effects. Are changes in DNA methylation alone, which may be or
may not be associated with an increased risk of disease, an “adverse effect” that triggers regulatory ac‐
tivity? Some changes in DNA methylation occur naturally, without any association with toxicity, while
others may be caused by toxic exposures but are transient and reversible.  Of course, other DNA
methylation changes may indicate a significant toxicological response. As noted, the issue in trying to
distinguish between innocuous and important methylation changes is similar to the issue involving
changes in gene expression following environmental exposures, which sometimes may indicate the ear‐
ly stages of a disease process, but other times may simply be a reversible, adaptive response to the ex‐
ternal stimulus.  For example, one recent study found that exposure to bisphenol-A, which has been
found to cause toxic effects in some animal studies, caused epigenetic changes in the offspring of ex‐
posed mice but no apparent effects on reproductive outcomes, litter size, or offspring health.  Should
such epigenetic effects in the absence of any other detectable toxicity response be considered an “ad‐
verse effect” for regulatory purposes? One policy response that has been suggested in the literature in
the context of other molecular biomarkers would be only to treat as toxicologically significant those
changes that have been shown to be related to or “anchored” to a known toxic response.

The timing of exposure to toxic substances, not just the dose, also greatly impacts the potential for epi‐
genetic effects.  In particular, exposures to the fetus during the gastrulation stage, or exposures to
newborns, tend to be the most sensitive periods for inducing epigenetic effects. Traditional toxicology
assays generally do not expose test animals in the fetal or newborn stages, and thus may miss important
toxicity effects mediated through epigenetic mechanisms.  As the importance of epigenetic influences
on toxicity emerges, it may therefore be necessary to expand the test periods for animal toxicity testing
to include these sensitive periods.

Studies have also indicated that factors affecting epigenetic programming in early development can af‐
fect behavior.  It is therefore possible that early-life exposures to environmental toxins with epigenetic
impacts could manifest in behavioral alterations later in life. Thus, it may be necessary to include be‐
havioral testing in toxicological screening to detect and evaluate such epigenetic toxicity.

Another complication of using epigenetic changes in toxicological evaluations is that epigenetic
changes tend to be highly species-specific, so that extrapolation from laboratory animals to humans
may be more uncertain than for most other toxicological markers.  This caveat is also shown in the
bioinformatics study of the mouse genome, which predicts 600 imprinted genes, whereas only about
300 are predicted in humans. For example, the insulin-like growth factor 2 receptor (IGF2R) gene acts
as a tumor suppressor that is imprinted in mice (i.e., there is only one active copy), whereas both copies
of this gene are expressed in humans (i.e., there is no imprinting).  A toxic agent that causes cancer in
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mice by knocking out the single active copy of the IGF2R gene in that species may cause cancer much
more infrequently in humans with two active copies of the gene, both of which must be inactivated to
achieve the same cancerous hazard.  Another problem is that non-vertebrate species used in some
toxicity testing (including yeast, nematodes, and fruit flies) do not have significant DNA methylation,
making them even less useful and less appropriate for evaluating epigenetic changes, even though such
models are widely used for screening for other toxicological endpoints.

Toxic environmental agents acting via an epigenetic mechanism may also be unique in terms of the po‐
tential for dietary or other interventions to mediate their harmful effects. As discussed above, epigenetic
changes differ from traditional genetic changes in that they are more easily reversed. Studies suggesting
that diets rich in methylating agents such as folate or genistein (found in soy) may reverse the effect of
environmental agents that cause DNA hypomethylation.  For example, maternal dietary supplementa‐
tion with methyl donors, such as folic acid, counteracted the epigenetic changes that had been induced
by the chemical bisphenol-A.  Such possibilities open the door to expanding environmental policy ap‐
proaches from simply preventing toxic exposures to also include interventions designed to mitigate the
adverse effects of environmental exposures that have already occurred.

2. Food and Drug Regulation Epigenetic knowledge has many potential applications in health care, in‐
cluding both therapeutic and diagnostic uses. The Food and Drug Administration (FDA) regulates sev‐
eral categories of products including drugs, medical devices, biologics, foods, and cosmetics, for the
most part under authority provided by the Federal Food, Drug and Cosmetic Act (FFDCA).  The
statute provides different regulatory criteria for each product category. The product category most likely
to be impacted by epigenetics is prescription pharmaceuticals, which are required by the FFDCA to be
preapproved by the FDA as safe and effective before they can be marketed.  Epigenetic effects can
play both a Dr. Jekyl and Mr. Hyde role in drug development and safety. On the one hand, a drug that
induces unwanted epigenetic effects might result in unanticipated adverse effects, with both regulatory
and liability repercussions. On the other hand, a drug may be designed to intentionally induce epigenet‐
ic changes to treat diseases with an epigenetic etiology. And yet other drugs may elicit epigenetic
changes for which no demonstrable outcome can be documented.

Because epigenetic changes tend to be reversible,  there is considerable promise and opportunity for
the development of epigenetic drugs to restore a healthy epigenetic status. At least three epigenetic
drugs have already been approved by the FDA, and several more are now in clinical testing.  Given
the prevalence within cells of epigenetic factors in both normal cell development and aberrant condi‐
tions, the use of an epigenetic drug that simply increases or decreases epigenetic effects such as meth‐
ylation would be risky because it is likely to disrupt many other genes in addition to the target gene that
is hypo- or hyper-methylated.  Therefore, drugs that more precisely target the methylation of specific
genes, or affect the molecular pathway leading to the aberrant hypo- or hyper- methylation, are more
promising.

The tissue-specific nature of epigenetic effects, in which epigenetic changes may differ from tissue-to-
tissue, may further complicate safety and efficacy testing of drugs. Drugs targeting or affected by epige‐
netic markers may be more or less effective or toxic in some tissues than others based on epigenetic sta‐
tus.  New toxicological assays or methods may be needed to address this possibility.
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Another potentially important implication of epigenetics in drug approval is the role of epigenetic fac‐
tors in drug efficacy and resistance. For example, studies have indicated that hypermethylation of DNA
may be involved in the development of resistance to certain cancer drugs.  This effect may be impor‐
tant both for the regulatory evaluation of drug efficacy and in developing more effective drugs.

Finally, the observation that early life experiences may alter epigenetic programming may also have im‐
plications for drug safety and approval.  Epigenetic changes to critical genes involved in drug re‐
sponse as a result of early life experiences could affect subsequent drug efficacy or toxicity in such indi‐
viduals.  These effects and the potential impact on variation in drug response within a population may
be another factor to consider in evaluating drug safety.  Biological response to drug treatment may
also be influenced by transient epigenetic status in ways that can only be documented erratically, and
that may contribute to inter-individual differences in drug response.

Epigenetic alterations, such as changes in methylation levels at specific gene locations, can also poten‐
tially be used as a diagnostic indicator for both disease detection and classification.  For example, the
tight connection between methylation changes and human cancers suggests that abnormal methylation
patterns could be a useful early biomarker of cancer before it can be clinically detected.  These meth‐
ylation biomarkers can be detected in the blood, as well as other bodily fluids, including urine, sputum,
and breast ductal lavage.  Early detection of individuals with epigenetic changes signifying a cancer
risk can be used as a diagnostic measure for prevention:

Similarly, detection of methylation changes that occurred in early development and predispose many in‐
dividuals to late onset diseases, such as diabetes, hypertension, and Alzheimer’s disease, could be very
useful for diagnosing such diseases early, and even in facilitating prevention or treatment of such dis‐
eases before they are clinically detected.  DNA methylation patterns can also be used to classify dis‐
ease, for example to subdivide tumors that were previously indistinguishable into separate subcate‐
gories that have different prognoses and treatment options.  Thus, epigenetic markers may be used for
diagnosis, prognosis, and prediction of response to treatment.  Already, some companies have begun
to offer commercial epigenetic tests for such purposes, which may require FDA approval.

In addition to the pharmaceutical and diagnostic device applications of epigenetics, the FDA has recent‐
ly confronted potential risks relating to epigenetics in its consideration of whether to approve food and
milk from cloned animals. As stated previously, the FDA found that if cloned animals presented any
food risks, they would probably be related to aberrant epigenetic programming of embryos created by
somatic cell nuclear transfer cloning methods.  Notwithstanding concerns about potential epigenetic
effects in cloned animals, the FDA concluded that meat and milk from cloned animals are safe. As the
Washington Post summarized the 968 page FDA risk assessment of cloned animals released in January
2008:
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Hopefully, we will move away from a view of preventive oncology focusing simply on nonspe‐
cific risk factors to identifying large numbers of patients showing altered epigenetic risk and
targeting them for intervention…. By focusing on common changes in the population, present
in apparently normal tissue before neoplasms arise, such approaches could have a substan‐
tial impact on cancer morbidity and mortality.174
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While the FDA did not allow potential epigenetic effects to block approval of the sale of products from
cloned animals, the FDA will no doubt focus its attention on epigenetic effects in continuing to monitor
this issue.

3. Occupational Safety and Health Regulation The Occupational Safety and Health Act of 1970 (the
Act)  is the principal federal law regulating workplace safety and health.  The Act, applicable to all
employers engaged in a business affecting interstate commerce,  applies to an estimated six million
workplaces and 90 million employees.  Pursuant to Section 18 of the Act,  twenty-three jurisdic‐
tions have received federal approval for state occupational safety and health plans, which operate to di‐
vest the federal government of jurisdiction and replace it with state oversight containing similar require‐
ments of demonstrated effectiveness.  The Act is enforced by the Assistant Secretary of Labor for
Occupational Safety and Health, who serves as administrator of the Occupational Safety and Health
Administration (OSHA).

The Act requires covered employers to provide to each employee a workplace “free from recognized
hazards that are causing or are likely to cause death or serious physical harm to his employees.”  This
“general duty clause” may be used as the basis of an enforcement action brought by the Secretary of
Labor (“Secretary”) only when no duly promulgated occupational safety and health standard applies to
the alleged violative conditions.  The other main statutory duty of covered employers is to comply
with all applicable occupational safety and health standards promulgated by the Secretary pursuant to
Section 6 of the Act.  The failure to comply with either the general duty clause or OSHA standards
may result in the Secretary issuing a citation  and assessing a range of civil and criminal penalties
depending on the categorization and gravity of the violation and other factors.

Section 6(b)(5) of the Act prescribes the substantive requirements for promulgation of standards regu‐
lating toxic substances and harmful physical agents.  This section of the Act is likely to be the focus
of regulators if the issue of epigenetic effects is considered a proper subject for OSHA rulemaking. The
first issue is whether OSHA authority extends to the regulation of epigenetic effects, especially when
these effects can be preclinical and subclinical as well as clinical. Section 6(b)(5) provides that in pro‐
mulgating standards for toxic substances or harmful physical agents:

Finally, there was the overarching problem of deciding which measures would best predict
whether the food was safe. Most puzzling was whether to take into account the subtle alter‐
ations in gene activity, called epigenetic changes, that are common in clones as a result of
having just one parent. In the end, facing the reality that epigenetics have never been a factor
in assessing the wholesomeness of food, agency scientists decided to use the same simple but
effective standard used by farmers since the dawn of agriculture: If a farm animal appears in
all respects to be healthy, then presume that food from that animal is safe to eat.180
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The Secretary …shall set the standard which most adequately assures, to the extent feasible,
on the basis of the best available evidence, that no employee will suffer material impairment
of health or functional capacity even if such employee has regular exposure to the hazard
dealt with by such standard for the period of his working life.194
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Do epigenetic effects constitute “material impairment of health or functional capacity” if the exposure
has not yet caused any symptoms in the exposed employee? This question has not yet been considered
explicitly by the courts. In one case, United Steelworkers of America v. Marshall,  the court analyzed
in a different context whether the Act authorized the Secretary to regulate the subclinical effects of oc‐
cupational exposures. In reviewing the lead standard, the D.C. Circuit held that the Secretary had estab‐
lished that lead exposure causes subclinical hematological, neurological, renal, and reproductive effects,
that these effects are causally related to clinical lead disease, and therefore that the subclinical effects
constitute “material impairment.”  Applying this precedent, it would appear that some epigenetic ef‐
fects could be considered a material impairment and thus subject to regulation under the Act.
Nevertheless, OSHA would have to demonstrate that the subclinical epigenetic effects are causally re‐
lated to clinical effects.

Although the scientific literature on epigenetic effects in humans is still quite sparse, it is possible that
individuals have varied epigenetic responses to exposure to occupational toxins. Thus, another question
to address is whether the Act requires protecting the most sensitive employees. The language of section
6(b)(5), quoted above, provides that “no employee will suffer material impairment of health.” Despite
this seemingly absolute language, the Supreme Court has held that the Act does not require regulation
to the level of zero risk.  In Industrial Union Dep’t, AFL-CIO v. American Petrolium Institute,
the plurality opinion stated that “the statute was not designed to require employers to provide absolutely
risk-free workplaces whenever it is technologically feasible to do so …[but] was intended to require the
elimination, as far as feasible, of significant risks of harm.”  Nevertheless, the plurality supported the
concept of “action level” medical surveillance of employees exposed below the permissible exposure
level because surveillance “could ensure that workers who were unusually susceptible …could be re‐
moved from exposure before they had suffered any permanent damage.”

Other possible strategies to reduce epigenetic effects include two types of medical surveillance: pre-ex‐
posure testing for individual susceptibility to epigenetic changes and post-exposure monitoring of ex‐
posed workers to detect epigenetic effects of exposure.  Epigenetic testing in the workplace is likely
to be as controversial as genetic testing.  The use of genetic testing in the workplace has the potential
to invade privacy, undermine individual autonomy, create stigma and psychological harms, and possi‐
bly lead to discrimination against the individual and his or her family members.  The above discus‐
sion is compounded by the fact that diet alone can change the epigenome. Accordingly, no workplace
genetic or epigenetic testing program should be considered without overwhelming scientific evidence of
its necessity and efficacy as well as the absence of alternatives. It would be a mistake, however, to pro‐
hibit genetic and epigenetic testing in all instances and for all purposes. Epigenetic testing might be ap‐
propriate if it were provided on an optional basis to applicants and employees and the results were
available only to the individual.  Then, the applicant or employee could decide whether his or her par‐
ticularized risks from exposure were acceptable.

The Genetic Information Nondiscrmination Act of 2008 (GINA)  prohibits employers from discrimi‐
nating against an employee (including an applicant) on the basis of genetic information, or requesting,
requiring, or purchasing genetic information about an employee or a family member of the
employee.  Employees are generally prohibited from acquiring genetic information, but an exception
applies where the information is used for genetic monitoring of the effects of toxic substances if (1)
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written notice is provided to the employee; (2) the employee provides voluntary, written authorization
or the monitoring is required by law; (3) the employee is informed of individual results; (4) the moni‐
toring is in compliance with applicable regulations; and (5) the employer receives results only in aggre‐
gate form.  The same general approach should be applied to monitoring for epigenetic effects of toxic
exposures.

One last issue to consider is the possible transgenerational effects of epigenetic changes. Regulation un‐
der the Act is not absolute, and it involves considering various factors, such as the severity of the risk,
the likelihood of the risk, the latency of the risk, the feasibility of controlling the hazards, and the eco‐
nomic consequences of regulation. It remains to be seen whether the possibility of transgenerational
epigenetic effects from certain exposures will be a significant factor influencing increased workplace
safety and health regulation.

B. Litigation Applications

Epigenetic effects caused by chemicals and other environmental agents may provide a new source of lit‐
igation and liability under the common law. Such litigation, especially when it involves second and
third generation effects, would raise a number of novel challenges and issues. For example, how should
statute of limitations rules be applied? Another issue involves obtaining discovery of medical records of
other family members, including the parents or grandparents who were initially exposed.

The leading precedent for this type of claim is the litigation concerning DES, which was used widely
over a twenty-four year period until it was found in 1971 to cause severe reproductive illnesses in
daughters of pregnant women who took the drug. “DES was manufactured by a variety of companies,
and many different types of DES tablets made by different manufacturers were interchanged freely.”
Product liability actions were brought against the manufacturers of DES by daughters of women who
ingested it. Although the cases raised numerous legal issues, such as the plaintiffs’ ability to recover de‐
spite the inability to identify the manufacturer or manufacturers of the pills taken by the plaintiffs’
mother, the courts and legislatures of many states showed a great willingness to overcome the structural
or procedural barriers to recovery.  However, the third-generation DES claims brought by the grand‐
daughters of the women who took DES have not been successful due primarily to the courts’ unwilling‐
ness as a matter of tort theory and public policy to extend liability to victims who have a relationship
too distant or attenuated from the actual tortious action (“victim attenuation”).

McMahon v. Eli Lilly & Co.  is the first reported appellate decision involving a third-generation DES
claim. The plaintiff mother had several children born prematurely and one premature infant died.  The
parents (“plaintiffs”) sued the defendant-drug company claiming that the mother’s in utero exposure to
DES when her mother (the maternal grandmother) ingested the drug produced by the defendant was the
cause of the death of their infant son.  The court reversed the lower court’s grant of defendant’s di‐
rected verdict, based in part on the plaintiffs’ failure to make a prima facie showing that the defendant
manufactured the drug to which the mother was exposed.  The court held that the evidence showing
that the defendant was the wholesale supplier of DES to the drug store where the drug was obtained by
the maternal grandmother of the deceased infant was sufficient to establish culpability.  The court
also stated that the lower court’s requirement of the foreseeability by the defendant of the specific risk
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to the third generation was far too narrow.  The court found that medical research was then published
and reported experiments showing that DES could cause physical abnormalities in the reproductive
tracts of animals exposed to the drug in utero.  The court reasoned that these reports explicitly sug‐
gested the drug’s potential dangers to humans as well as animals.  The court thus concluded that this
evidence was more than sufficient to support a jury verdict for the plaintiffs.  Therefore, the court re‐
versed the directed verdict for the defendant and remanded the case for a new trial.  This ruling was
much more favorable to the third-generation DES claimant than subsequent decisions from other courts.

To avoid injustice in DES litigation, the New York legislature and the New York Court of Appeals re‐
moved legal barriers to tort recovery in DES-daughter cases for the special circumstances in the DES
context.  In 1986, the legislature amended the law to provide that the limitations period in exposure
cases begins upon discovery of the injury instead of upon the exposure.  In 1989, the New York
Court of Appeals held, in Hymowitz v. Eli Lilly & Co., that liability could be imposed upon DES man‐
ufacturers based on their share of the national DES market, notwithstanding the plaintiff’s inability to
identify the particular manufacturer at fault for her injuries.

In Enright v. Eli Lilly & Co., the same court stated that:

The court suggested that removing such a legal barrier in the context of third-generation DES cases
would affect the substantive law of tort; therefore, the court refused, largely based on policy considera‐
tions, to extend the strict products liability recovery to third generation plaintiffs.

In Enright, the court treated the DES-granddaughter injury as a “preconception tort” committed against
the mother, and thus precluded the tort claim based on the bright-line “no duty rule”  developed in
Albala v. City of New York.  However, as in Albala, the Enright court stated that to recognize a cause
of action on behalf of the DES-granddaughter “would require the extension of traditional tort concepts
beyond manageable bounds.”  Further, the court in Enright stated that “[l]imiting liability to those
who ingested the drug or were exposed to it in utero serves this purpose.”  Implicitly, these holdings
suggest that the court considered that the relevant injury was to the mother and the DES-daughter, but
not to the later-conceived grandchild, thus undercutting the duty of care to the DES-granddaughter
altogether.

Among a score of unsuccessful third-generation DES cases in different jurisdictions,  the Enright
case is the most controversial in that it is the least consistent with its jurisdiction’s DES and proximate
cause precedents, where the court had allowed for recovery of proximate injuries, but not remote
ones.  The court used the policy argument of needing to put some limits on liability to draw the line
between the second and third generations, without explaining why it did not draw the line between the
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[The] recent developments demonstrate legislative and judicial solicitude for the victims of
DES, but they do not establish DES plaintiffs as a favored class for whose benefit all tradi‐
tional limitations on tort liability must give way. To the extent that special rules have been
fashioned, they are a response to unique procedural barriers and problems of proof peculiar
to DES litigation.224
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third and fourth generations.  In Enright, the court “seemed to have difficulty deciding where to draw
the line between proximate and remote consequences, between properly compensating victims and not
holding drug manufacturers liable in perpetuity.”  “The types of injuries at issue here are not ones
that involve multigenerational genetic damages. Instead, they are a direct result of the compensable in‐
juries to the DES-daughters. In denying [their] recovery …, the New York Court of Appeals ignored
traditional doctrines that impose reasonable limitations on tort liability while compensating plaintiffs
directly injured by defendants.”  Further, Judge Hancock stated that if it was foreseeable that the
DES-daughter’s in utero exposure might cause defects in her reproductive system, “[c]learly it cannot
be said as a matter of law” that it was not foreseeable that the DES-granddaughter would be born with
injuries.

In Grover v. Eli Lilly & Co., an Ohio Supreme Court third-generation-DES case, the court decided that
“[a] pharmaceutical company’s liability for the distribution or manufacture of a defective prescription
drug does not extend to persons who were never exposed to the drug, either directly or in utero.”
This decision also has been criticized. Justice Resnick stated in his dissenting opinion:

Third-generation DES claims have not been successful due to the courts’ interpretation of a victim at‐
tenuation problem in the 1980s. However, with the emergence of epigenetics; the acceptance of epige‐
netics’ hypothetical role as an added layer of regulation in genetic common diseases (CDGE, Common
Disease Genetic and Epigenetic hypothesis),  or more broadly, the recognition that P (phenotype) = G
(Genes) + E (Environment) + EpiG (Epigenetics)),  the “attenuation problem” in the DES-grand‐
daughter tort claims may deserve a reevaluation based on the gradual discovery of underlying mecha‐
nisms of transgenerational epigenetic diseases.

C. Discrimination in Employment Against Fertile Women

Human susceptibility to epigenetic insults varies over the course of a lifetime, with increased vulnera‐
bility occurring, among other times, in utero.  Thus, the issue is raised whether some employers
could prohibit fertile women from working where there is exposure to substances suspected of causing
epigenetic harms. The purpose of such exclusion would be to prevent harms to the later-born children
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What could have a more direct causal connection than a premature birth by a woman who
was known to have an incompetent cervix? From this it becomes readily apparent that DES
grandchildren were a foreseeable group of plaintiffs. It can hardly be argued that there is no
duty owed to a foreseeable plaintiff.237

Finally, as John B. Maynard succinctly summarized:

Once the tired old arguments about the opening of the floodgates of litigation are stripped
away; once the sound justification for imposing a reasonable duty of care on drug manufac‐
turers is recognized; and once the exaggerations about the inhibitions of medical researchers
are put in perspective, it should be the law that the third-generation-DES claim presents a
valid cause of action deserving of a remedy.238
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of female employees and to reduce the likelihood of personal injury claims brought by those children
based on their in utero exposure.  Adverse health effects also might extend to the offspring of the pre‐
natally exposed children and, conceivably, even to future generations.

Similar employment discrimination concerns already have been addressed in the context of maternal
exposure to teratogenic substances in the workplace.  In UAW v. Johnson Controls, Inc., the employ‐
er was concerned about its possible liability if a pregnant employee was occupationally exposed to inor‐
ganic lead and later gave birth to a child with congenital defects caused by the mother’s work-place ex‐
posure.  Under the metabolic stress of pregnancy, lead stored in the mother’s bones may be released
into her bloodstream and then into the fetus.  Thus, female employees could transmit lead to a devel‐
oping fetus from preconception exposures.  Furthermore, the fetus is most sensitive to lead exposure
in the early stages of pregnancy, when many women do not even know they are pregnant.

Because of the possible health risks to the fetus and financial risks to the company, Johnson Controls
adopted a “fetal protection policy” that barred all fertile women – regardless of their marital status, re‐
productive plans, or other considerations – from any job likely to elevate their blood lead above a cer‐
tain level.  The Supreme Court held that that the employer’s policy constituted sex discrimination in
violation of Title VII of the Civil Rights Act of 1964.  The Court held that by excluding only women
with childbearing capacity from jobs with lead exposure, the employer’s policy was explicit, disparate
treatment discrimination, which could only be upheld by applying a bona fide occupational qualifica‐
tion (BFOQ) defense.

The Court interpreted the statutory defense of BFOQ under Title VII as narrow.  It permits discrimi‐
nation based on gender only in limited circumstances where discrimination is “‘reasonably necessary’
to the ‘normal operation’ of the ‘particular’ business.”  Although safety concerns may establish a
BFOQ, “the safety exception is limited to instances in which sex or pregnancy actually interferes with
the employee’s ability to perform the job.”  Because fertile women were capable of performing the
job, the Court concluded that the employer failed to establish the BFOQ defense.  Of particular rele‐
vance to transgenerational epigenetics, the Court said that concerns about the welfare of the next gener‐
ation did not establish a BFOQ of female sterility. “Decisions about the welfare of future children must
be left to the parents who conceive, bear, support, and raise them rather than to the employers who hire
those parents.”

In the years since the Court’s decision in Johnson Controls, new scientific discoveries have document‐
ed the significant risks from early life exposures, including prenatal exposures, to various toxic sub‐
stances. Among the risks associated with certain early exposures are neurological harms,  cardiovas‐
cular harms,  and increased risk of cancer.  Will the multigenerational harms implicated by epige‐
netics lead to a reconsideration of the Johnson Controls preference for worker autonomy over employer
paternalism and the desire to protect future generations? Although the health of future generations –
both proximate and remote – is a vital consideration, increased transparency and vigilance with regard
to occupational health hazards is preferable to authorizing vast exclusionary practices affecting female
applicants and employees. Some of the methods of protecting against transgenerational harms of any
etiology or manifestation are substitution of substances, improved environmental controls, personal pro‐
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tective equipment, medical surveillance, optional and confidential fertility and pregnancy testing, and
optional medical removal with maintenance of pay and benefits for workers who are or are attempting
to become pregnant.

D. Other Forms of Discrimination

Many other claims for alleged epigenetics-based discrimination are possible. In the employment setting,
the first issue is whether an epigenetic mark or the predisposition to epigenetic changes constitutes a
disability under the Americans with Disabilities Act (ADA)  or its state analogs.  Applying current
case law, it is unlikely that a court would hold that an epigenetic change or predisposition to an epige‐
netic change is an impairment that constitutes a “substantial limitation of a major life activity.”  In
Sutton v. United Air Lines, Inc.,  the Supreme Court adopted a narrow view of the coverage of the
ADA. The Court observed that the ADA’s findings section  specifically states that “some 43,000,000
Americans have one or more physical or mental disabilities, and this number is increasing as the popu‐
lation as a whole is growing older.”  Thus, the Court reasoned that the ADA was not intended to
cover individuals whose impairments may be mitigated through the use of eyeglasses and other correc‐
tive measures. Similar reasoning would undermine the claim that an asymptomatic individual with an
epigenetic change is an individual with a disability under the ADA.

Two-thirds of the states have enacted laws prohibiting genetic discrimination in employment.  At the
federal level, the recently enacted Genetic Information Nondiscrimination Act (GINA)  prohibits dis‐
crimination in employment on the basis of genetic information. Although state laws differ in their defin‐
ition of genetic information, many state enactments are similar to GINA, which defines genetic infor‐
mation as “information about [an] individual’s genetic tests, the genetic tests of family members of such
individual, and the manifestation of a disease or disorder in family members of such individual.”
Scientifically, epigenetic information is not genetic information, and therefore it probably would be nec‐
essary to amend state and federal nondiscrimination laws to prohibit discrimination based on epigenetic
factors.  Consequently, an employer concerned about possible epigenetic effects on employees per‐
ceived to be susceptible to occupational exposures could simply refuse to employ the individual or as‐
sign the individual to other tasks. Clearly, genetic non-discrimination laws should be amended or new
legislation should be enacted to prohibit such practices.

There are also many possible uses of epigenetic information in insurance underwriting. The vast major‐
ity of states have enacted laws prohibiting genetic discrimination in health insurance.  At the federal
level, GINA prohibits discrimination in health insurance on the basis of genetic information. The state
and federal approaches vary in their coverage and definitions, but, as with the employment discrimina‐
tion laws discussed above, none of the laws are likely to cover epigenetic conditions.  Epigenetic in‐
formation might be used to predict future health in any of the myriad situations where genetic informa‐
tion is now used or where there is concern about possible use, such as life insurance,  disability insur‐
ance,  and long-term care insurance.

The discovery of epigenetic effects in humans further undermines the viability of genetic-specific
nondiscrimination legislation. Legislation prohibiting the inappropriate use of predictive health infor‐
mation is more logical from a scientific and policy standpoint because it focuses on the effect of future
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health risks on current opportunities rather than on the biological mechanism by which the harm may
be manifested.

IV. ETHICAL IMPLICATIONS

As a relatively new field of research, epigenetics has the potential to raise a variety of issues related to
research ethics, such as conflicts of interest, research integrity, informed consent, and privacy. As scien‐
tists apply epigenetics to human health, concerns about clinical ethics and public health ethics are likely
to arise. It is not clear if or how the epigenetic applications of these issues will differ from the well-con‐
sidered context of clinical genetics or public health genetics. Therefore, in this section we have chosen
to focus on the unique ethical implications of epigenetics in the following broad areas: environmental
justice, privacy and confidentiality, access to health care, intergenerational equity, and eugenics.

A. Environmental Justice

Toxic chemicals, airborne pollutants, pesticides, diesel exhaust, tobacco smoke, and other harmful ex‐
posures are not distributed randomly throughout society.  The exposures are frequently linked with
poverty, discriminatory land use, and substandard living and working conditions.  Populations ex‐
posed to environmental insults also are more likely to have pre-existing health conditions, often with
poor clinical management.  As discussed previously, some common environmental exposures may
have epigenetic effects.  Assuming that epigenetic changes adversely affect the most vulnerable seg‐
ments of society, it could be argued that there is a heightened moral obligation to remediate the envi‐
ronmental sources of risk and prevent future harmful exposures. On the other hand, if the most vulnera‐
ble people are considered at greatest risk, as a practical matter, the political resolve of policy makers
might be lessened.

“Environmental justice refers to a political and social movement to address the disparate distribution of
environmental harms and benefits in our society, and to reform the processes of environmental decision
making so that all affected communities have a right to meaningful participation.”  The debate over
environmental justice raises important distributive issues for environmental law,  and it has led to
great controversy. Claims about environmental justice have been termed “unsettling” to supporters of
strong environmental protection because they “sound disturbingly reminiscent of accusations of elitism
that environmental activists have long heard and long discounted.”  Thus, there may be a tension be‐
tween some traditional environmentalists and advocates of environmental justice.  More overt critics
of environmental justice have asserted that claims for environmental justice lack empirical foundation‐
s  and that there is little evidence to support the claim of disproportionate burdens on minorities be‐
cause “locally undesirable land uses are attributable largely to the workings of the market.”

The environmental justice movement began in the 1970s and 1980s with civic activism, protests, and
litigation.  In the 1990s, two events gave it major impetus. First, in 1992, the EPA published the re‐
port of a workshop on environmental equity that concluded that minorities experienced disproportion‐
ately greater exposure to environmental pollutants.  Later that year, the EPA created the Office of
Environmental Equity (the name was later changed to the Office of Environmental Justice) to oversee
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environmental justice at the agency.  Second, in 1994, President Clinton issued an executive order re‐
quiring all federal agencies to make environmental justice part of their mission by identifying and ad‐
dressing, as appropriate, “disproportionately high and adverse human health or environmental effects”
of its programs, policies, and activities “on minority populations and low-income populations.”

Epigenetics could change the traditional environmental justice analysis in three important ways. First,
in some cases it could shift the focus from populations receiving disproportionate exposure to those
with greater susceptibility. Second, rather than focusing on geographically defined communities, it con‐
centrates on the individual biological factors that establish increased risk. Third, it does not directly ad‐
dress the differential exposures caused by race and ethnicity, although some epigenetic marks have dif‐
ferent frequencies in certain subpopulations.

In addition, viewing environmental epigenetics in light of environmental justice raises the issue of
whether it is prudent to concentrate on the problems of vulnerable populations when there are global
concerns. According to one line of reasoning:

Nevertheless, the global scale of overall environmental challenges should not divert attention from ad‐
dressing environmental injustices,  especially when the harms associated with exposures threaten the
health of future generations in a self-perpetuating cycle of poor health and reduced quality of life.

There are no easy solutions to the problems of environmental justice, which must be considered along
with the other “emerging ideals” of environmental policy–sustainable development, ecosystem manage‐
ment, and pollution prevention.  Environmental justice also is related to economic justice, human
rights, social equality, and public health.  It remains to be seen whether emerging scientific evidence
of epigenetic effects, including transgenerational effects, will be a catalyst for environmental justice.

B. Privacy and Confidentiality

Epigenetics could create a wealth of sensitive information about an individual’s likelihood of develop‐
ing health problems in the future and possibly transmitting the risk to his or her offspring. More sensi‐
tive health information is likely to lead to greater concerns about privacy and confidentiality protections
at a time when interoperable networks of health information exchange will make widespread disclosure
of health information increasingly easy.

“Health information privacy refers to an individual’s right to control the acquisition, uses, or disclo‐
sures of his or her identifiable health data.”  Individuals have various privacy interests with regard to
epigenetic information. If they undergo testing to determine whether they have developed epigenetic
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If we are unable to solve globally pressing problems such as ozone depletion, climate change,
or the loss of biodiversity, we might not have an environment, or a planet, left that is hos‐
pitable to human society. Without an effective and expeditious solution to such larger prob‐
lems, there will be nothing left for racial minorities or the poor to live in, or for that matter
anyone else.292
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changes based on environmental exposures, they may want to prevent disclosure of the information to
third parties, such as employers and insurers, as well as to friends, relatives, and even some health care
providers. Among the issues raised are whether any restrictions may be placed on an individual’s desire
for privacy; whether individuals have a moral or legal duty to warn other at-risk individuals, including
family members; and if some exposed individuals prefer not to undergo testing, especially when there is
no medical intervention, whether they should have a right not to know.

“Confidentiality, which is closely related [to privacy], refers to the obligations of those who receive in‐
formation to respect the privacy interests of those to which the data relate.”  It is the basis of profes‐
sional standards of conduct and legal obligations.  Issues surrounding confidentiality include deter‐
mining what standard should be used in assessing an individual’s consent or authorization for disclo‐
sure and whether the standard should vary based on the nature of the disclosure. Also, in what situa‐
tions, such as public health emergencies, should disclosure take place in the absence of an individual’s
permission to disclose health information or even over the individual’s objection?

These issues have been discussed in the literature on genetic privacy and confidentiality,  and a
threshold question is whether the ethical analysis of epigenetic information varies from the analysis of
genetic information. Because the answer may be more a matter of social policy than science, it may be
too soon to answer inasmuch as it is not clear what degree of stigma will attach to epigenetic data.
Although epigenetic information and genetic information have many of the same attributes, they are not
identical. For example, epigenetic effects are environmentally induced and thus they might be viewed as
less stigmatizing because the source of the problem is not “bad genes.” They also may be reversible. On
the other hand, because of possible transgenerational effects, epigenetics may be viewed the same as ge‐
netics. Finally, there is simply the matter of semantics. Many policy makers and lay people will incor‐
rectly assume that epigenetics is just a type of genetics.

Another ethical issue to consider is whether or how to segregate or otherwise restrict access to certain
sensitive information when health information is disclosed in electronic format for treatment or other
purposes. Several countries developing electronic health information networks are also developing sys‐
tems to isolate or mask certain data elements (e.g., clinical encounters, diagnoses) or categories of
health information (e.g., reproductive health, substance abuse, mental health).  Although masking
certain sensitive health information will help protect individual privacy and confidentiality, classifying
certain health information as especially sensitive might further stigmatize the information and result in
a self-fulfilling prophecy. It remains to be seen whether masking technologies or comparable methods
will be adopted in the United States and, if so, whether individuals will have the option to mask genetic
or epigenetic information from disclosure.

C. Equitable Access to Health Care

Greater understanding of the link between environmental exposures and epigenetic effects will increase
the importance of exposed individuals receiving health services for prevention, monitoring, and treat‐
ment. Unfortunately, many of the individuals most likely to live and work with hazardous exposures
(e.g., indigent, minority, and alien populations) are among the least likely individuals to have regular,
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timely, and comprehensive access to health care.  Thus, the issue of access to health care for individ‐
uals exposed to substances causing or likely to cause epigenetic harms is merely a subset of the issue of
access to health care for vulnerable populations.

In 2006, 47.0 million Americans under the age of sixty-five, 15.8 percent of the population, were esti‐
mated to be without health insurance.  The percentage of uninsured for non-Hispanic white persons
was 10.8 percent, for Black persons was 19.0 percent, and for Hispanic persons was 34.1 percent.
Since 1985, the federal government has declared its commitment to redressing disparities in health care
access and health status for racial and ethnic minorities in the United States.  After over two decades
of special emphasis on eliminating health disparities, however, wide and persistent gaps in health status
and access to health care remain.

Numerous moral arguments have been made in support of the notion that the richest nation on Earth
should join the rest of the industrialized world in providing access to health care for all of its
residents.  One of the most powerful arguments is that access to health care promotes justice by pre‐
venting health problems that would impair the functioning of healthy individuals and by restoring un‐
healthy individuals to a condition comparable to the societal norm.

These arguments lead to the following proposition: A just society ought to provide universal access to
health care because it is a per se good and because it is an instrumental good that facilitates a range of
opportunities for human flourishing.

Considering access to health care in light of transgenerational epigenetic harms, which may be self-per‐
petuating and especially affect vulnerable populations, the following proposition emerges: A just soci‐
ety ought not permit future generations to experience the debilitating health effects caused by current
environmental exposures when the health effects are known or knowable and the environmental condi‐
tions are preventable or remediable.

In addition to environmental remediation, individual prevention, monitoring, and treatment are the
three main ways in which medical intervention could ameliorate the effects of harmful environmental
exposures. The availability of preventive services is likely to be closely related to access to health care
generally. Medical monitoring may be valuable when there are known exposures and effective treat‐
ments at the preclinical or clinical stage. Medical monitoring has been used as a remedy in toxic tort lit‐
igation,  and it also would be an appropriate intervention for public health agencies. It is too soon to
tell what treatment modalities would be effective for epigenetic environmental insults, but widespread
adoption of treatment measures may be politically challenging and is likely to depend on cost and effi‐
cacy. Thus far, with regard to genetics, rather than epigenetics, both public and private payers have been
reluctant to approve payment for many clinical genetic services on the grounds that they are experimen‐
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To be sure, health care does many things for people: it extends life, reduces suffering, pro‐
vides information and assurance, and in other ways improves the quality of life. Nevertheless,
it has one general function of overriding importance for purposes of justice: it maintains,
restores, or compensates for the loss of (in short, protects) functioning that is normal for a
member of our species.310
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tal or not medically necessary.  Furthermore, the current health care system is designed more to treat
individuals when they are ill than to provide prevention and wellness services for individuals to main‐
tain their good health.

D. Intergenerational Equity

Intergenerational equity, or justice between generations, involves “the inherent relationship that each
generation has to other generations, past and future, in using the common patrimony of natural and cul‐
tural resources of our planet.”  According to this principle, each generation is considered a custodian
of the planet for future generations.  Intergenerational equity requires accommodating the often-con‐
flicting interests of current and future generations. For example, global climate change is caused in
large part by carbon dioxide emissions. The benefits of carbon dioxide emissions, in terms of current
power generation, are reaped exclusively by the current generation, but the burdens are borne by both
the current and future generations. “The lifetime of carbon dioxide in the upper atmosphere is over 100
years, so that the full (cumulative) effects of current emissions will not be felt until the beginning of the
twenty-second century.”  Thus, apart from the concerns of the current generation about pollution and
climate change in the near term, to what degree should concerns about the planetary conditions of re‐
mote, future generations influence contemporary decisions?

Intergenerational equity has been applied to many of the vexing environmental issues of our time, in‐
cluding the disposal of nuclear waste,  extinction of species of plants and animals,  climate
change,  overpopulation,  and destruction of natural resources.  Nevertheless, it is difficult to ar‐
ticulate with any precision the nature of the duty to future generations or the process by which such
considerations are part of current policy deliberations.  According to Edith Brown Weiss, one of the
leading theorists of intergenerational equity, there are three key principles: (1) each generation should
be required to conserve the diversity of the natural and cultural resource base; (2) each generation
should be required to maintain the quality of the planet so that it is passed on in no worse condition
than the present generation received it; and (3) each generation should provide its members with equi‐
table rights of access to the legacy from past generations and should conserve this access for future
generations.

If humankind has a responsibility to future generations to refrain from activities that cause environmen‐
tal harms to the planet, including damaging current and future generations of wildlife, then it follows
that the responsibility also extends to environmental harms that could damage the genomes and
epigenomes of future generations of humans. The Universal Declaration on the Human Genome and
Human Rights provides: “The human genome underlies the fundamental unity of all members of the
human family, as well as the recognition of their inherent dignity and diversity. In a symbolic sense, it
is the heritage of humanity.”  Similar reasoning would apply to the human epigenome. Furthermore,
the human genome and epigenome are not static,  and the relationship between changes caused by
natural biological processes and those caused by the built environment  has not yet been explored to
any substantial degree.
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There is no widely accepted ethical argument with regard to inter-generational equity and the human
epigenome. There are however, numerous questions to consider, including: (1) how to characterize the
nature of the duty; (2) for how many generations does an epigenetic effect have to persist to implicate
intergenerational equity; (3) how do the severity, type, duration, and reversibility of the harm affect in‐
ter-generational equity; (4) how should the harm’s effect on individuals, families, cultures, and humani‐
ty be assessed; (5) what effect does recognition of intergenerational equity concerns and epigenetic pro‐
cesses have on contemporary environmental policies; and (6) how does the existence of transgenera‐
tional epigenetic effects relate to intragenerational equity?

The refinement of philosophical analyses of transgenerational environmental epigenetics will be greatly
influenced by scientific developments and the emerging understanding of biological mechanisms. It is
not too soon, however, to analyze the fundamental values underlying the issues. In 1943, in his haunting
and prescient monograph, The Abolition of Man, C.S. Lewis wrote:

Lewis was specifically addressing the intergenerational implications of genetic enhancement or positive
eugenics. Nevertheless, his comments are also applicable to transgenerational harms to the genome and
epigenome. Any current generation – through design or through negligence in permitting hazardous ex‐
posures – that alters the biological inheritance of its successors has “pre-ordained” the lives of future
generations in meaningful ways. The current generation will have weakened future generations, limited
their options, and required them to pay with their health or their lives for the environmental misdeeds of
their forebears.

E. Eugenics

The moral imperative to consider the transgenerational effects of environmentally-induced epigenetic
changes suggests the following intergenerational genetic and epigenetic principle: Each generation
should maintain the quality of the human genome and epigenome and pass it on in no worse condition
than the present generation received it. Although such a principle is consonant with intergenerational
equity generally and is appealing in the abstract, its application must be carefully circumscribed or it
could lead to eugenic policies.

Each generation exercises power over its successors: and each, in so far as it modifies the en‐
vironment bequeathed to it and rebels against tradition, resists and limits the power of its
predecessors. This modifies the picture which is sometimes painted of a progressive emanci‐
pation from tradition and a progressive control of natural processes resulting in a continual
increase of human power. In reality, of course, if any one age really attains, by eugenics and
scientific education, the power to make its descendants what it pleases, all men who live after
it are the patients of that power. They are weaker, not stronger: for though we may have put
wonderful machines in their hands we have pre-ordained how they are to use them. And if, as
is almost certain, the age which had thus attained maximum power over posterity were also
the age most emancipated from tradition, it would be engaged in reducing the power of its
predecessors almost as drastically as that of its successors.327
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Eugenics is the Original Sin of modern genetics. As initially formulated by Francis Galton and his early
followers, eugenics was a humane, progressive, and scientific enterprise with the goal of improving hu‐
manity by increasing the number of genetically well-endowed individuals and decreasing the number of
genetically disfavored.  In the first third of the twentieth century, the primary governmentally-im‐
posed method of negative eugenics was to reduce the number of genetic “defectives” through involun‐
tary sterilization.  Although certain physical defects were considered “genetic,” there was a signifi‐
cant emphasis on eliminating the “genetic defects” of promiscuity, shiftlessness, pauperism, and other
traits without a genetic basis.  Thus, eugenic measures were based on flawed science, and the horren‐
dous social policy brought about by eugenics soon spun out of control, reaching a low point in Nazi
Germany.  “Genetically undesirable” also became equated with “socially or politically undesirable”
and sterilization quickly led to genocide.  In the United States, eugenics was epitomized by compul‐
sory sterilization laws enacted in thirty states that resulted in the sterilization of 60,000 individuals.

Eugenics has been thoroughly discredited since the end of World War II as bad and often disingenuous
science leading to disastrous social policy. Yet, the repeal of laws authorizing coercive governmental
measures should not be equated with the complete absence of eugenics today. Sociologist Troy Duster
has written that social pressures to avoid the birth of children with congenital disabilities has increased
and will continue to increase prenatal diagnosis and abortion, a situation he terms “backdoor
eugenics.”  Philosopher Philip Kitcher calls laissez-faire eugenics the current practice of limited, op‐
tional prenatal genetic testing and utopian eugenics the availability of these services to all citizens.

The routine use of prenatal genetic testing and selective abortion has been criticized on other grounds,
as well. The feminist critique argues that the ability to terminate pregnancies when the fetus has a ge‐
netic anomaly leads to the objectification of women’s procreative capacity.  It also threatens to rede‐
fine motherhood by depersonalizing the experience of pregnancy and forcing women to decide what
quality of life is worth living.  The disability rights critique argues that abortion because of a fetal ge‐
netic anomaly is based on the erroneous assumption that a disability precludes living a meaningful
life.  Such attitudes also adversely affect the lives of individuals with disabilities because their quality
of life depends on educational, employment, and similar societal opportunities.

In light of the controversy surrounding expanded prenatal testing for genetic disorders, it is important to
consider whether similar concerns would be raised about prenatal testing for epigenetic effects. It is
possible that preconception, preimplantation, and prenatal testing for epigenetic alterations could be de‐
veloped and used as a way to prevent the transmission of transgenerational epigenetic harms. The
prospect of adverse health conditions persisting through several generations is likely to increase the so‐
cial pressure on prospective parents to prevent the transmission of epigenetic effects. Thus, once epige‐
netic testing and pregnancy avoidance or termination become an option for prospective parents, epige‐
netic harms could become highly stigmatized and the moral responsibility could shift from those enti‐
ties responsible for the environmental exposures to the parents who failed to respond “appropriately” to
the risk by preventing or terminating the pregnancy.

Whenever individuals’ reproductive decisions attempt to alter the biological makeup of their offspring,
the claim has been made that they are interfering with the natural order and attempting to “play
God.”  The notion that current generations should be resolute in not influencing the biology of their
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progeny, however, is inconsistent with the basic goals of modern medicine – quite apart from reproduc‐
tive technologies. For example, pediatric medical interventions that save the lives of genetically im‐
paired children have the effect of permitting these children to reach the age of reproduction and thereby
transmit their genetic risk of impairment to future generations. The fact that saving the lives of children
afflicted with genetic disorders will burden the gene pool is a morally insufficient reason to withhold
beneficial treatment. As the eminent population geneticist Theodosius Dobzhansky wrote: “[I]f we en‐
able the weak and the deformed to live and to propagate their kinds, we face the prospect of a genetic
twilight; but if we let them die or suffer when we can save them[,] we face the certainty of a moral
twilight.”

Although concerns about eugenic implications should remain an important consideration in evaluating
policies and practices with transgenerational genomic and epigenetic effects, the fear of eugenics should
not invariably override the obligations to future generations. Philosopher Allen Buchanan and his col‐
leagues have written: “Reprehensible as much of the eugenic program was, there is something unobjec‐
tionable and perhaps even morally required in the part of its motivation that sought to endow future
generations with genes that might enable their lives to go better.”  The moral imperative to act is even
stronger when the intervention prevents the acquiring of deleterious transgenerational alterations and
thus involves preventing their lives from being worse.

V. CONCLUSION

Epigenetics is an exciting new avenue of scientific exploration that already has demonstrated that cer‐
tain exposures, especially during periods of developmental vulnerability, can cause long-term harms to
exposed individuals and sometimes their progeny. Epigenetics invalidates the assumption that nature
and nurture operate as independent forces in influencing human development and disease.

Numerous legal and ethical issues are raised by epigenetics, especially regarding individual and societal
responsibilities to prevent hazardous exposures, monitor health status, and provide care. Epigenetics
represents a new class of biological effects from harmful exposures and adds a multigenerational di‐
mension to environmentally-caused adverse health effects. Epigenetics serves to highlight the effects of
inequality in living and working conditions, as well as a range of disparities in access to health care and
other societal opportunities.

Another social challenge is that epigenetics establishes an additional basis of individual biological vari‐
ation. Although many societies are only beginning to deal with the legal and ethical implications of hu‐
man genetic variation,  epigenetics adds another layer of complexity to individual variability.
Epigenetics also adds another class of sensitive health information in need of privacy protection and an‐
other basis for possible stigmatization and discrimination. Individuals and society will be challenged to
respond to these new measures of acquired human variation with policies based on the ethical princi‐
ples of respect for persons, beneficence, privacy, and justice.

Finally, epigenetics raises difficult questions about the obligations of society to preserve the soundness
of the human genome and epigenome for the benefit of future generations. In developing a principle of
intergenerational equity for the human genome and epigenome, optimum social policy lies between in‐
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difference to the health burdens of future generations and eugenic notions of manipulating heredity to
improve the human condition. The ultimate policy challenge will be to move beyond the formulation of
principles that recognize these aims to devising feasible strategies to achieve them.
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