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Psychology and Epigenetics

Frank Masterpasqua
Widener University

The Human Genome Project mapped the complete DNA sequence that exists in each human cell, but

questions remain about how genes are expressed. Epigenetics is defined as mechanisms of gene

expression that can be maintained across cell divisions, and thus the life of the organism, without

changing the DNA sequence, Recent research has identified important epigenetic mechanisms that play
essential roles in normal and abnormal development. Of special significance for psychology are the

findings that environmental and psychosocial factors can change the epigenome. Research also suggests

that some experiences and epigenetic changes of an individual can be passed down to more than one

generation of descendants. Linkages between epigenetics and psychopathology are emerging that point

to new possibilities for conceptualizing, preventing, and treating disorders.
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The completion of the Human Genome Project in 2003 augured

a new era in the understanding of the genetic bases of physiology
and behavior. The project mapped the sequence of the approxi
mately three billion pairs of molecules that form the rungs of the

~NA double-helix, and identified the approximately 25,000 genes

present in each hurnan celL The sequences that make up the genes
constitute the blueprints for virtually all human biological func
tions (The Human Genome Project, 2008),

The Human Genome Project resulted in one of the greatest

scientific accomplishments in history: complete description of the
human genome, At the same time, and as is often the case with
scientific breakthroughs, it raised at least as many questions as it
answered. The most significant question is not a new one, and
concerns the relationship between genotype and phenotype. How
do genes express themselves to become anatomy, physiology, and
behavior? The regulation of gene expression is multifaceted and

I~ complex; regulation can occur before DNA is transcribed to RNA,

\ before RNA is translated into proteins, or after proteins have been
\ formed, Some expression mechanisms stem directly from the DNA

sequence itself, the most common of which is control of whether

(Or not DNA is transcribed to RNA. In this process, regulatoryI sequences in the DNA interact with proteins called transcription

J factors that help to increase or decrease transfer of (transcribe)genetic information from DNA to RNA (Slack, 2001; Waggoner,
2007).

Recent biological research has also focused on another mecha

nism by which genes are expressed; one that does not depend on
the sequence of molecules in the DNA code, and that can be

maintained throughout the life of the organism. This mechanism of

r;eneexpression is called epigenetics, and it refers to changes in

gene expression that remain relatively stable during cell division,
and sometimes across generations, that are not dependent on the
genetic code itself (Allis, Jenuwein, Reinberg, & Caparros, 2007).
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Recent years have witnessed an explosion of interest in epige
netics across a wide range of disciplines; a PubMed search for
"epigenetics" resulted in over 23,000 entries most of which were
published in last 10 years. In addition, there is now a multisite
"Human Epigenome Project" designed to map the epigenetic
chemical markers that regulate gene expression during normal and
abnormal development (Bradbury, 2003),

The implications of epigenetics for understanding biological as
well as psychological development and disease are far-reaching,
As we'll see, epigenetic researchers have discovered that the
environment, both physical and social, can cause changes in mo
lecular structures that mediate gene expression, and that, in some
cases, these changes may be passed on to future generations. This
"epigenetic inheritance" is a mechanism of heredity that may
complement the process of random mutations that is central to
traditional notions of evolutionary change. Epigenetic inheritance
implies that experiences can be passed on to future generations via
an epigenetic code (Harper, 2005), The purpose of this article is to
review themes in recent epigenetic research that have relevance for
psychological theory, research, and practice.

Defining Epigenetics

C. H, Waddington (1942) was the first to describe epigenetics,
His definition was a general one, and included all of the processes

that led from the genotype to its final product. This was the
"epigenetic landscape" that represented the different trajectories
that a genotype might take during its development.

More recently, developmental psychobiologists have offered a
broad developmental systems approach to epigenetics and to the
understanding of the complex role played by the environment in

rgeneexpression. This research has gone a long way toward ac

ceptance of the idea that how genes are expressed is invariably
influenced by the milieu in which they function (Gottlieb, Wahl
sten, & Lickliter, 1998; Lickliter & Honeycutt, 2003). As dis
cussed in this article "epigenetics" is consistent with the develop-
mental systems perspective, but is restricted to cellular changes in

[DNA. Epigenetics here means changes in DNA, other than vari. ations in DNA sequence, that are replicated during cell division
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(Feinberg, 2008; Goldberg, Allis, & Bernstein, 2007; Gottesman &
Hanson, 2005). It is the relative stability of epigenetic changes
across cell divisions that best distinguishes epigenetics from other
mechanisms of gene expression.

How Epigenetics Changes Gene Function

One way to begin to understand the mechanisms underlying
epigenetics is to appreciate the "architecture" of the DNA double
helix situated inside the nucleus of a cell. If the DNA inside one

cell of the human body was stretched out it would reach a length
of about 6 feet; this means condensing 6 feet into a space observ
able only under a microscope (a 1O,000-fold reduction in length).
Chemically mediated changes in the structure and function of this

Me
--- J

------

highly compacted DNA playa major role in determining whether
genes are switched on or off.

Figure 1 is a schematic of DNA structure and the two majo~
epigenetic mechanisms. The 3 billion rungs that make up the
ladder-like structure of the DNA double-helix are derived from

four chemical bases: a (adenine), t (thymine), g (guanine), and c
(cytosine). These 6-foot long strands of DNA are compacted into
a cell by multiple wrappings around globular proteins called his

tones. A small strand of the DNA ladder, made up of 146 base.:-'·
pairs, is spooled around a group of tightly packed histones. Each
DNA-histone wrapping constitutes a nucleosome, and these nu

cleosomes are organized into chromatin, the building block of a
chromosome. "Epigenetic changes in gene expression may occur)1
via changes in the folding of the DNA to form chromatin and the

DNA methylation:
Methyl (Me) marks added to

certain DNA bases repress gene
activity.

Histone modification:
A combination of different molecules can

attach to "tails" of proteins called histones.

These alter the activity of DNA wrapped
around them.

Figure 1. The two main components of the epigenetic code: DNA methylation and histone modification. Note:

From "Unfinished Symphony" by J. Qiu, 2006, Nature, 441, p. 144. Copyright, 2006 by Macmillan Publishers
Ltd. Adapted with permission.
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architecture of that chromatin within the nucleus" (van Vliet,

Oates, & Whitelaw, 2007, p. 1531). Depending on these epigenetic

rchanges, parts of the highly compacted DNA will be either acces\ s,ible or inaccessible to the machinery that transcribes genes into
the messenger RNA that leads to protein synthesis. Accessible

genes will be transcribed and active; inaccessible genes will be

silenced (Szyf, McGowan, & Meaney, 2008).

r Figure 1 depicts the two main mechanisms by which genes are

made accessible or inaccessible for transcription: DNA methyl

ation and histone modifications (although other mechanisms are

being discovered). These mechanisms tend to interact and stabilize

each other and thus maintain a relatively steady, yet modifiable,

epigenome throughout the life of the organism (van Vliet et aI.,

~07)' In mammals DNA methylation occurs when a methyl

molecule attaches to cytosines within cytosine-guanine (abbrevi

'ated as CpG) base pairs. Genes are silenced (switched off) when

cytosines are methylated, and are expressed (switched on) when
cytosines are not methylated (Jirtle & Skinner, 2007).

C The globular histone proteins around which DNA is wrapped
ihave "tails" extending from them that are especially susceptible to
Imore than 100 different chemical modifications, all of which can
playa role in determining whether genes are switched on or off.

These histone modifications form a code that is recognized by the

regulatory proteins that change chromatin structure, and thus gene

expression (van Vliet et al.; 2007).

Epigenetics in Normal Development

All the cells of an individual human contain the same genome, but
nevertheless differentiate into particular cell types (e.g., liver cells or

neurons). A liver cell, for example, goes through thousands of divi

sions over the course of a lifetime and yet maintains its cell identity.

Epigenetic changes play an important role in normal cell differentia
tion by determining which genes will be turned on or off for each type

t of tissue. These epigenetic blueprints, specific to each kind of tissue,iare laid down during development of the embryo.
In addition to helping to maintain cell identity, epigenetic fac

tors playa role in other normal developmental processes. X-chro

mosoI?e inactivation in human females is one example. In females
one of the 23 pairs of chromosomes is designated XX, whereas
male humans have XY. X-chromosome inactivation occurs when

one of the X chromosomes of the female's XX pair is "downregu-

/Iated" to match the levels of gene expression seen in males. DNA

methylation and histone modifications play significant roles in
ensuring that genes on this X chromosome are silenced (Brockdorf

& Turner, 2007; Richards, 2006).

Genomic imprinting is another normal developmental process me

diated by epigenetic mechanisms. According to classic genetics, chil

dren inherit two copies of a gene, one from each parent, and both play

\a role in development. However, about 1% of genes are imprinted,

meaning that one of the copies is silenced during egg or sperm

formation by epigenetic changes derived from either the mother or the

father. This silencing of one allele makes genomic imprinting espe

cially susceptible to abnormal genetic expression. Again, DNA meth-

ylation and histone modifications play essential roles in silencing the

imprinted gene (Barlow & Bartolomei, 2007).

Epigenetics and Disease

"Just as epigenetic change is at the heart of normal development,
so also do disruptions in epigenetic modification disturb normal
developmental programs" (Feinberg, 2008, p. 1348). The first
disease to be linked to epigenetic changes was cancer, and the

migenetic-cancer connection is now widely accepted (Feinberg,

2007). Rodenheiser and Mann (2006) identified 26 different forms

of cancer associated with either hypermethylation or hypomethy
lation of DNA. In general, hypermethylation results in the con-

\densation of chromatin and the silencing of tumor suppressor and

other genes. Hypomethylation results in instability of the chromo
some, and activates oncogenes and transposons (transposons are
sequences of DNA that can move to different positions within the
genome). A large number of other diseases, including psycholog-
ical disorders, have been linked to epigenetic abnormalities, and
epigenetic therapies are already being investigated (Egger, Gangn
ing, Aparicio, & Jones, 2004; Hatchwell & Greally, 2007).

Initial thinking about the connection between epigenetic changes
and disease was that such influences were restricted to embryonic

~development. This view was based on the fact that before implan

tation the embryonic genome undergoes widespread DNA demeth
ylation followed by the reestablishment of the genomic methyl
ation pattern. This means that embryogenesis is especially vulner
able to epigenetic modifications that can lead to congenital

~normalities (Dolinoy & Jirtle, 2008). As examples, Angelman

Syndrome and Prader-Willi Syndrome are neurodevelopmental
disorders that have been linked to disturbances in genomic im

printing and the epigenetic modifications that cause them. Inter
estingly, both disorders are attributable to the same silencing of a
DNA sequence on chromosome 15 but result in quite different

~henotypes. If the abnormal imprinting (via DNA methylation) is

on the paternal chromosome then Prader- Willi syndrome occurs,
but if the abnormal imprinting is on the maternal chromosome then
Angelman syndrome emerges (Isles & Wilkinson, 2008; Zoghbi &
Beaudet, 2007).

Although epigenetic patterns seem especially susceptible during
early development, there is growing evidence that they change
later in development as well. Fraga et al. (2005) reported on a
landmark study of the epigenome of 80 monozygotic twins ranging
from 3 to 74 years of age. Although monozygotic twins have
identical genotypes, they are discordant for a number of pheno

types, including the emergence of some major psychological dis
orders. While a number of possible explanations have been pro

posed to explain these differences, Fraga et al. (2005) sought to
determine whether epigenetic changes might play a role~ They
found that 50-year-old twins showed major differences on assays
of overall content and genomic distribution of DNA methylation
and histone modifications, whereas the assays of 3-year-old twins

were indistinguishable. In addition, the epigenetic differences of
older twins were related to a number of differences in their

phenotypes.

Experience Changes the Epigenome
/

~ Fraga et al. (2005) found that epigenetic changes accumulate

across the life span and play an important part in programming the
~enome. Recent research is beginning to identify environmental

factors that lead to these changes; nutritional supplements, low



EPIGENETICS 197

dose radiation, foreign chemicals, and early parenting have been
shown to change epigenetic patterns, and thereby genetic expres
sion (Jirtle & Skinner, 2007; Szyf et a!., 2008).

Waterland and Jirtle (2003) and Wolff, Kodell, Moore, and

Cooney (1998) showed how changes in mice mothers' diets during
pregnancy can change the epigenome and phenotype of their
offspring. Agouti mice are given their name because of the activity
of the agouti gene that causes them to be overweight, to have
yellow coats, and to be susceptible to diabetes and cancer. Water

land and Jirtle gave pregnant agouti mothers a diet rich in methyl
donors (folic acid, vitamin B 12, choline. and betaine); food sup
plements often given to pregnant human mothers. Offspring of
diet-enriched mothers had brown coats, were not overweight, and
were no longer as susceptible to diseases of their parents. More
over, the mechanism was epigenetic: these offspring showed in
creased methylation, and thus decreased expression, of the agouti
gene.

The Caregiving Environment Affects the Epigenome
in Rodents

Waterland & Jirtle's (2003) work demonstrated that chemical

changes (via diet) during the formative gestational period can
change the epigenome and phenotypic characteristics. However,

can the epigenome and phenotype be changed after the epigenetic
patterns have been laid down, and by psychosocial factors such as

the caregiving environment? Recent research suggests that the
answer is yes.

~The early caregiving environment has long held a central place

in our understanding of normal and abnormal psychological de
velopment (Bowlby, 1965; Schore, 2003). Early abuse or neglect
can lead to a wide range of cognitive and emotional impairments,
and there is considerable evidence that early maltreatment affects
the same neural structures that mediate attachment (Roth, Leven

son, Sullivan, & Sweatt, 2006). Animal models now suggest that
the influence of early care giving penetrates to DNA.

Szyf et a!. (2008) reported on a series of studies comparing the

differences in behavior, physiology, and epigenetics in rat pups
reared by either high licking/grooming (high LG) or low lick!
grooming (low LG) mothers. High LG in early development had a
positive and enduring impact on the reactivity of the hypothalamic
pituitary-adrenal axis (HPA). HPA reactivity has been implicated in
a number of psychological disorders (Roth et a!., 2006). Adult

offspring who received high amounts of licking and grooming
during the first week of life showed lowered plasma adrenocorti
cotropin hormone (ACTH) and corticosterone responses to stress
when compared with offspring who received low amounts of

licking and grooming. Moreover, cross-fostering offspring of high
LG mothers to low LG mothers, and vice versa, revealed that early
maternal caregiving, not the genotype of the mother, determined
reactivity to stress.

The decrease in HPA reactivity to stress in high LG offspring is
traceable to increases in the number and density of glucocorticoid

receptors in the hippocampus. Glucocorticoid receptors are pro
teins present in cells that are sensitive to circulating glucocorti
coids. An increase in glucocorticoid receptor expression in the
hippocampus reduces the amount of ACTH-releasing hormone in
the hypothalamus that in turn results in less ACTH from the
pituitary and thus less cortisol from the adrenal glands. The in-

crease in glucocorticoid receptor expression in the hippocampus of

high LG offspring is directly linked to changes in DNA methyl
ation patterns in the hippocampus. It is now known that high
licking/grooming leads to decreased methylation that allows
greater access and transcription at glucocorticoid receptor genes in
the hippocampus (Meaney & Szyf, 2006; Weaver, 2007).

Champagne et a!. (2006) found that the variations observed in

the maternal care of mice can be passed on to the next generation

of mothers. Female offspring who received high LG became high
LG mothers themselves, whereas those who received low LG

became low LG mothers. The mechanism for this consistency of
,regiving across a generation appears to be epigenetic. Offspri

raised by high LG mothers showed higher expression of an estro
gen receptor gene in the medial preoptic area of the hypothalamus,
a gene and region of the brain known to be associated with

maternal care. Expression of this gene was associated with changes
in DNA methylation on this estrogen receptor gene.

The epigenetic and HP A changes attributable to early maternal
behavior are relatively stable, yet reversible. For example, Weaver
et a!. (2004) injected the brains of adult offspring of low HG

mothers with an agent known to reduce methylation. The injec
tions not only decreased DNA methylation to levels indistinguish
able from high LG offspring, but also reduced responsivity to
stress to match that of high LG offspring. Conversely, Weaver et
a!. (2005) injected adult offspring of high LG mothers with an

agent known to increase methylation and found changes in meth
ylation and responsivity that matched adult offspring of low HG
mothers.

Early Caregiving and Epigenetics in Humans

Recent research suggests that early caregiving may result in
epigenetically induced changes in physiology and behavior in

humans, as well as rodents. The effects of early psychosocial,
albeit prenatal, factors on epigenetics and HPA reactivity were
recently observed in human infants. Oberlander et a!. (2008) i

followed infants born to mothers who, during the third trimester of
pregnancy, were: (a) being treated for depression using serotonin
reuptake inhibitors, (b) not being treated for their depression, or (c)
not showing symptoms of depression. Controlling for postnatal age
and postnatal mood, the authors concluded that the effects of

depression during pregnancy appear to have been epigenetically
transmitted to infants. Pre~atal exposure to depressed/anxious
mood resulted in increased DNA methylation at the glucocorticoid
receptor gene. Moreover, prenatal exposure to negative mood, and
increased methylation were associated with increased HPA reac

tivity as assessed by salivary cortisol stress responses at 3 months
of age.

McGowan et a!. (2009) recently reported on a study that clarifies
how epigenetics may mediate the long-term effects of child mal
treatment. Postmortem examinations were performed on the hip
pocampuses of three groups: suicide victims who had a history of
child abuse, suicide victims who did not have history of child
abuse, and controls who died suddenly from causes other than
suicide and who had no history of child abuse. Compared to the
suicide-only and control groups, victims of suicide who had ex

perienced child abuse had decreased levels of glucocorticoid re
ceptor expression, as well as increased levels of methylation spe

cific to the gene known to regulate glucocorticoid expression.
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McGowan et a!. concluded: "These findings translate previous
results from rats to humans and suggest a common effect of
parental care on the epigenetic regulation of hippocampal glu
cocorticoid receptor expression" (p. 342). As described earlier,
glucocorticoid receptor expression in the hippocampus is known to
influence HPA reactivity that, in turn, has been implicated in a
number of psychological disorders (Roth et a!., 2006).

Epigenetic Inheritance Across Multiple Generations

Thus far, we have seen evidence that prenatal and postnatal
environments can change epigenetic patterns and consequently the

health and behavior of the first generation of offspring. However,
perhaps the most intriguing finding to come from recent epigenetic

~esearch is the discovery that some environmentally induced epi

genetic changes can be maintained beyond the first generation,
even when original environmental conditions have changed

\. (Harper, 2005). This means that epigenetic patterns not only play

a role in cell division and differentiation in one generation
(through mitosis), but can also affect the germ cells (through
meiosis) that produce gametes.

For instance, Anway, Cupp, Uzumcu, and Skinner (2005) ex
posed pregnant rats to endocrine disruptors (chemicals that were
either antiandrogenic or estrogenic) during the period of gestation
in which gonadal sex determination occurs. As might be predicted
from the previous discussion; the male offspring of these mothers

(the first generation) showed decreased spermatogenic capacity
and increased male infertility. However, in addition these changes
were seen in nearly all males down to the fourth generation, and
were associated with altered patterns of DNA methylation in the
germ cells.

Epigenetic changes also seem to be involved in mating prefer
ences that extend across generations. Crews et a!. (2007) found

that when pregnant rats were injected with an anti androgenic
chemical "females three generations removed from the exposure
discriminate and prefer males who do not have a history of
exposure" and conclude: "our observations provide direct experi
mental evidence for a role of epigenetics as a determinant factor in
evolution" (p. 1542).

The effects of early caregiving can also extend across more than

one generation, although these trans generational effects have yet to
be shown to be epigenetic. Working with mice, Curley, Cham
pagne, Bateson, and Keverne (2008) found that impaired maternal
care during early development led to increased fear of new situa

tions and decreased exploratory behavior in both the first and

second generations of female progeny. Because of the breeding
design of the study the authors were able to conclude that these

trans generational influences were not a result of genetic mutations.
As with the Anway et a!. (2005) study showing the consistency of
epigenetic changes across generations, the trans generational ef
fects of early caregiving may also be mediated by epigenetic
markers passed through the germline. However, without evidence

for these markers, and without controlling for the possible inter
generational similarities in the early caregiving environment, it is
not possible to conclude that epigenetic mechanisms were at work.

The epigenetic effects of early caregiving appear to be reversible.
Champagne and Meaney (2007) found that the postweaning environ
ment of female rat offspring reversed the effects of their immediate

postnatal environment on exploratory behavior, and licking and

grooming behavior. When the postweaning environment was en
riched, the negative effects of poor postnatal treatment were miti

gated. Conversely, when positive postnatal rearing was followed by
deprived postweaning conditions, the salutary effects of early positive
earing were reversed. As with postnatal effects, these changes result-

·ng from postweaning environments were passed on to the second
generation of female progeny. Results such as these indicate that early
social experiences are both transferable across generations, and reme

diable. Once again, although the phenotypic similarities across gen
erations appear to be mediated by common caregiving experiences, as
of yet there is no evidence for associated epigenetic markers passed
down the germline.

Experience and Multigenerational Effects in Humans

The evidence from animal studies indicates that epigenetic
effects because of diet and chemical exposure can be transmitted
across more than one generation. Because of obvious ethical

restrictions, conclusions about the role of epigenetic inheritance on
human descendants are of necessity based on the results of longi
tudinal and correlational research rather than on controlled de

signs. Nevertheless, in some cases the data are compelling.
In a series of classic epidemiological studies, Susser, Hoek, and

Brown (1998) reported on the effects of famine in the Netherlands
during World War II on subsequent generations. Because of a
Nazi-imposed food embargo toward the end of the war over 20,000

Dutch citizens died of starvation. Detailed records collected during
and after the "Dutch Hunger Winter" have enabled researchers to

identify the long-term effects of prenatal exposure to famine.

~ompared to offspring who were not exposed to prenatal famine,

the exposed cohort showed higher rates of a wide range of child
hood and adult disorders including low birth weight, infant mor
"lily,0"";'" di,"""" co,"OM)' h"rt di~,~, "d "ore,. R",ol"
also showed increased rates of schizophrenia and diagnoses of

~ChiZOid personality disorder in the exposed group. Moreover, the
grandchildren of the women who experienced famine also showed
below normal birth weights (Lumey & Stein, 1997).

Using harvest and food price records, Kaati, Bygren, and Edvins
son (2002) and Pembrey et a!. (2006) analyzed the amount of food
available to cohorts born in 1890, 1905, and 1920 in a small town in

northernmost Sweden. Results indicated that changes in food supply

for one generation may have effects on mortality spanning two
generations. More specifically, they found significant associations

between grandparents' food supply and grandchildren's longevity,

~nd death because of cardiovascular disease or diabetes. These results

were sex-specific: paternal grandfathers' food supplies were linked

only to the mortality rates of their grandsons, whereas mortality rates
of granddaughters were linked only to the food supplies of their
paternal grandmothers. The authors concluded: "Our findings add a
new, multigenerational dimension to the interplay between inheri-
tance and environment in health and development; they provide proof
of principle that sex-specific, male-line transgenerational effects exist
in humans" (Pembrey et a!., 2006, p. 164).

Lamarckism and Epigenetic Inheritance

To summarize, controlled animal studies provide persuasive

evidence for the impact of some environmental effects on epige
netic markers across more than one generation (Anway et a!.,
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2005; Crews et aI., 2007). Historical human studies, although far
from definitive, offer the suggestion that humans too may be

influenced by the experiences of their ancestors. The idea that]

organisms are genetically affected by the experiences of their
ancestors runs counter to a major tenet of the "modern synthesis"

of evolutionary genetics: that is, genetic variation is due solely torandom mutations in the DNA sequence (Richards, 2006). The
modern synthesis was contrasted with the ideas of Jean-Baptiste
Lamarck, a pre-Darwinian theorist who proposed that individuals
could pass on acquired characteristics to their descendants.

Lamarck suggested that use or disuse of an organ or appendage
would lead to its strengthening or atrophy in an individual. In turn,

the descendants of that individual would acquire that strengthened
or weakened characteristic. Lamarckism was discredited largely
because of the absence of a mechanism to explain it, but epige
netics offers a molecular mechanism for a less extreme variation of

Lamarckism called "soft inheritance" (Richards, 2006). Reports of
epigenetic inheritance described earlier provide evidence for a soft
inheritance that complements inheritance because of random mu
tation, and allows for more rapid adaptations to environmental
circumstances.

Are there particular kinds of environments that are more likely
to lead to epigenetic inheritance? Jablonka and Lamb (1995)

suggested that epigenetic inheritance is especially advantageous in
environments in which traumatic events occur regularly but un
predictably across generations. Such events that are beyond the
individual's control would be especially conducive to epigenetic
inheritance. Harper (2005) identified famine and conquest (repres
sion) as common phenomena in human history for which epige
netic inheritance may provide an especially effective, yet revers
ible, form of adaptation. Indeed, both animal (e.g., Zamenhof, van
Marthens, & Grauel, 1971) and human (e.g., Lumey & Stein,

1997) studies implicate famine as an epigenetic factor in transgen
erational birth weight and behavior. Similarly, animal studies have
shown that the effects of restrictive social environments can be

passed down across at least one generation, and can lead to
inhibited response style (Szyf et aI., 2008).

Epigenetics and Psychological Disorders:

Depression and Schizophrenia

A number of recent reviews have emerged describing the link
age of psychological disorders to epigenetic changes (e.g., Isles &
Wilkinson, 2008; Mill & Petronis, 2007; Stuffrein-Roberts, Joyce,
& Kennedy, 2008; Tsankova, Renthal, Kumar, & Nestler, 2007).
Each review points to the considerable potential of epigenetics in
helping us to better understand, prevent, and treat psychological
disorders. On the other hand, they note that the field is clearly in
its infancy, with most of the data coming from animal models or
correlational studies with humans.

With regard to complex disorders such as major depression and
schizophrenia, Mill and Petronis (2007) point out that the results of
epigenetic studies lead inevitably to a novel perspective concern
ing the relative etiological contributions of genes and environment.

Given that the epigenetic patterns that control gene expression cani
be influenced by wide range of random as well as hormonal and

psychosocial factors, the epigenetic perspective requires that we
attend to salient environmental factors that can change the epig
enome.' One example described earlier is the influence that early

caregiving can have on DNA methylation patterns, glucocorticoid
receptors, and reactivity of the HPA axis (Szyf et aI., 2008). HPA

reactivity has been implicated in the etiology of both mood and
anxiety disorders (Roth et aI., 2006).

Berton et al. (2006) described an animal model of depression
mediated by brain-derived neurotrophic factor (BDNF). (BDNF is
a protein that sustains and nourishes neurons, and has been found

to be at abnormally low levels in humans with depression.) Berton
et al. exposed adult mice to chronic social defeat stress which led

to submissive and anxious behaviors as well as social avoidance;
behaviors that mimicked anxiety and depression in humans. It was
subsequently found that these mice had abnormally low levels of
BDNF in the hippocampus, and that these low levels were attrib
utable to histone changes on the BDNF gene that blocked BDNF
production. Just as importantly, treating the mice with the antide
pressant imipramine increased BDNF production, and reversed
epigenetic patterns at the BDNF gene.

After reviewing the BDNF stress studies and those linking early
caregiving to the HPA axis, Tsankova et al. (2007) concluded:

Together, these studies indicate that several epigenetic modifications

....... are important in animal models of stress, depression and

antidepressant treatment. However, this work has so far focused onlYlon BDNF and OR genes, and only on the hippocampus. Work is now I
needed to investigate other brain regions that have been implicated in
depression and its treatment, and to investigate the involvement of
additional genes in mediating long-term effects of stress and antide

pressant treatments on gene transcription (pp. 362).

Poulter et al. (2008) recently reported on depression research

that focused on other areas of the brain. Comparing the brains of
persons who had suffered from major depressive disorder and
committed suicide with those who had died suddenly from causes

other than suicide, their results i~plicated hypermethylation in the
frontopolar cortex as a mediator of major depression followed by
suicide. "These data are consistent with the hypothesis that DNA
methylation aberrations may be an underlying cause of major
depressive disorder and suicide and may open new strategies for its
therapeutic management" (p. 651).

Most of the epigenetic research on schizophrenia has focused on
the protein reelin. Reelin is expressed during development, is
important in the formulation and modulation of neuronal connec
tions, and is found in adult neurons containing GAB A (Tsankova
et aI., 2007). GABA is the major inhibitory neurotransmitter in the

central nervous system. Postmortem studies have found signifi
cantly reduced concentrations of reelin in the brains of persons
who suffered from schizophrenia (Torrey et aI., 2005). The re

duced concentrations of reelin in the brains of schizophrenic
patients appear to be attributable to DNA hypermethylation on the
reelin gene. One hypothesis is that the reduction of reelin in
GAB A-containing neurons causes disruption in neuronal circuits
that are mediated by GABA that in turn disturbs higher brain
functions (Tsankova et aI., 2007).

Mill et al. (2008) recently reported on a comprehensive epig
enomic study of major psychosis using DNA obtained from the
frontal cortices of schizophrenic and bipolar patients, and a
matched control group. The authors were able to conclude: "Our

data are consistent with the epigenetic theory of major psychosis
and suggest that DNA-methylation changes are important to the
etiology of schizophrenia and bipolar disorder" (p. 696).
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These results connecting epigenetic changes to psychopathology

beg the question: What kinds of environmental factors might
induce the epigenetic changes that lead to psychopathology? Not
ing the association between schizophrenia and child abuse, Roth et
a!. (2006) speculate that severe trauma in early development might
lead to epigenetic changes that increase predisposition to schizo-

~hrenia. There is an irony about these findings with special rele

.vance for psychologists; that is, recent advances in the understand.ing of genetic/molecular mechanisms underlying psychological
disorders require an enhanced appreciation for the role of environ
mental and psychosocial experiences.

Summary and Implications

There is now substantial research demonstrating that alterations

in the epigenetic patterns surrounding DNA play an essential role
in normal development, as well as in the etiology of a number of
diseases. These patterns are dynamic within the life span of the
individual, may be influenced by experience, and, in some in
stances, may be transferred to subsequent generations. In addition
to prenatal chemical and dietary influences, early caregiving can
have long-term effects on epigenetic markers, neurophysiology,
and behavior in offspring. While epigenetic inheritance across
more than one generation has been observed in mice exposed to

prenatal chemical and nutriti~nal changes, the evidence for trans
generational effects in humans, although suggestive, has yet to be

corroborated by controlled studies. Nevertheless, these results sug
gest that the consequences of an individual's lifestyle may extend
beyond their own mortality to include their descendants.

The research on epigenetic factors in psychopathology is prom
ising but preliminary. It suggests that we may need to reconcep

tualize the etiology of some disorders, even those, such as schizo
phrenia, believed to have strong genetic components. An important
goal for future research is to identify those experiences that can
change epigenetic patterns that underlie psychopathology. As more
is learned about how the environment affects epigenetic patterns
related to psychopathology, prevention efforts will focus on iden
tifying and avoiding pathogenic experiences.

Research has already shown that the epigenetic consequences of
inadequate early caregiving in mice can be erased using pharma
cological interventions (Weaver et a!., 2004). Future pharmaco
logical therapies may focus on erasing epigenetic patterns. For
instance, Higgins (2008) recently predicted that a methylation
antagonist blocker might serve to reduce the impact of posttrau
matic stress disorder.

Finally, research with animals demonstrating that epigenetic
patterns established early in life can be changed by subsequent

psychosocial experiences (Champagne & Meaney, 2007) implies
that meaningful psychotherapy may have an impact beyond be
havior and personality to include how genes are expressed. Future
psychotherapy research may focus not only psychological out
comes, but also on the epigenetic changes that mediate them.
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