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Research on the determinants of human health and behavior 
has long been dominated by the perspective that people are 
relatively stable biological entities. Underlying this view is the 
fact that we inherit the basic building blocks of human poten-
tial, DNA, from our parents and that our DNA remains largely 
unchanged over our lifetimes. The implications of this per-
spective have been profound. Because of such thinking, for 
example, we have framed years of scientific inquiry in terms 
of “genes by environment” and “nature versus nurture,” which 
imply that our genes are physiologically autonomous from the 
external social environment. These ideas have also shaped 
societal beliefs about the human body. Namely, although we 
are embedded in an ever-changing social world, we often 
experience ourselves as fundamentally separate from it: Genes 
influence behavior, we reckon, but not the other way around.

Although this perception of biological stability and imper-
meability is deeply engrained, an emerging field of research in 
human social genomics is beginning to prove these intuitions 
wrong. Contrary to the notion that our “molecular selves” are 
fixed across time and situations, for example, is increasing 
evidence that changes in the expression of literally hundreds 
of genes can occur as a function of the physical and social 

environments we inhabit. Moreover, it appears as though these 
effects are often more strongly tied to peoples’ subjective per-
ceptions of their surrounding social environment (e.g., feeling 
lonely) than to “objective” features of those environments 
(e.g., being single). The human genome, therefore, is not a 
static blueprint for human potential. Instead, our genome 
appears to encode a wide variety of “potential biological 
selves,” and which “biological self” gets realized depends on 
the social conditions we experience over the life course.

Two recent discoveries have provided the empirical basis 
for these insights. First, functional genomics studies have 
shown that although DNA codes for the production of a wide 
variety of proteins that affect human functioning, our genetic 
code does not always result in the production of these proteins. 
Rather, it appears as though certain genes can be “turned on” 
and “turned off” by different social-environmental conditions. 
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Abstract

Although we generally experience our bodies as being biologically stable across time and situations, an emerging field of 
research is demonstrating that external social conditions, especially our subjective perceptions of those conditions, can 
influence our most basic internal biological processes—namely, the expression of our genes. This research on human social 
genomics has begun to identify the types of genes that are subject to social-environmental regulation, the neural and molecular 
mechanisms that mediate the effects of social processes on gene expression, and the genetic polymorphisms that moderate 
individual differences in genomic sensitivity to social context. The molecular models resulting from this research provide 
new opportunities for understanding how social and genetic factors interact to shape complex behavioral phenotypes 
and susceptibility to disease. This research also sheds new light on the evolution of the human genome and challenges the 
fundamental belief that our molecular makeup is relatively stable and impermeable to social-environmental influence.
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Second, research is now demonstrating that some social- 
environmental factors, such as social isolation and rejection, can 
influence the activity of not just a couple of genes but broad sets 
of hundreds of genes (i.e., gene profiles or gene programs). It 
has long been known that social-environmental conditions can 
shape complex behavioral phenotypes and susceptibility to dis-
ease (Cohen, Janicki-Deverts, & Miller, 2007). These new dis-
coveries suggest that the external social world may exert these 
effects in part by influencing our most deeply internal biological 
processes—namely, the expression of our genes.

The goal of the present article is to review the rapidly 
developing literature on human social genomics, with a focus 
on the implications and possible future directions of this work. 
First, we provide a brief overview of human gene expression. 
Second, we review studies investigating the types of genes 
that are sensitive to external social conditions and the social 
conditions that appear to exert the strongest effects on gene 
expression. Third, we describe the neural and molecular mech-
anisms that mediate the effects of external social conditions on 
gene expression and discuss how these dynamics can cause 
social experiences to become biologically embedded. Fourth, 
we identify genetic factors that have been found to moderate 
individual differences in genomic sensitivity to social context. 
Finally, we outline several avenues for future clarification and 
research. The fact that social-environmental factors can cause 
broad changes in human gene expression represents a para-
digm shift in research on Gene × Environment interplay, 
because it moves us away from thinking of these two factors 
as independent of each other. These discoveries also provide 
new insights into how the external social world gets not only 
“under the skin” but “onto the genome” to shape complex 
behavioral phenotypes and susceptibility to disease.

Human Gene Expression
Experiences in daily life can come in many different forms, 
from feeling socially connected and physically safe to feeling 
socially isolated and rejected. Because we have no way of 
directly monitoring the molecular changes caused by these 
shifting social-environmental circumstances, we generally 
experience our bodies as being relatively stable over time and 
across the different situations that we encounter in everyday 
life. Deep inside our bodies, though, our cells are continually 
involved in a process of self-regeneration to replace dead cells 
and decayed proteins. In fact, because the average protein in 
the human body has a half-life of about 80 days (Welle, 1999), 
1% to 2% of our entire molecular makeup must be replaced 
every day. As a result of this process, our physiological state 
on any given day can influence our molecular composition for 
weeks and months into the future.

The “genetic blueprint” for this biological regeneration is con-
tained within the DNA of our approximately 21,000 genes. For 
this blueprint to affect human health and behavior, however, 
genes must be “turned on,” or expressed, in the form of RNA. 
Transcription of DNA into RNA is fundamentally regulated by 

intracellular proteins known as transcription factors. Some tran-
scription factors are controlled endogenously within the cell to 
perpetuate its cellular identity. Other transcription factors act to 
alter gene expression in response to extracellular signals, such 
as hormones, neurotransmitters, or growth factors (Webster, 
Tonelli, & Sternberg, 2002; see Fig. 1). In the context of stress, 
for example, extracellular signals from glucocorticoids (e.g., cor-
tisol) or catecholamines (e.g., norepinephrine) are detected by 
receptors on the surface of cells. Once detected, these signals ini-
tiate a complex set of intracellular interactions that result in the 
activation of transcription factors, such as the cyclic AMP 
response element-binding protein or the glucocorticoid receptor. 

Fig. 1. Exogenous control of human gene expression by stress. Central 
to human social genomics is the fact that social-environmental conditions, 
especially our subjective perceptions of those conditions, can reach deep 
inside the body to regulate the expression of broad sets of genes, or gene 
profiles. Receptors on the surface of cells “hear” extracellular signals 
from the endocrine and sympathetic nervous system, which respond 
to social experiences such as social isolation and rejection. Intracellular 
transcription factors, including the cyclic AMP response element-binding 
protein (CREB) and the glucocorticoid receptor (GR), then relay the signal 
to the nucleus of the cell, where the transcription factors bind to gene 
promoters and upregulate the transcription of DNA into mRNA. mRNA is 
then translated to produce amino acid sequences that form the basis for a 
wide range of proteins that influence human health and behavior. Individual 
differences in sensitivity to social context is influenced by the fact that 
several factors, such as a person’s genotype, can affect the binding of 
transcription factors to promoters, thereby influencing the likelihood that 
a particular signal results in gene transcription. Because only genes that 
are transcribed into RNA actually shape health outcomes and behavioral 
phenotypes, any process that influences transcription factor binding affinity 
(e.g., polymorphisms, methylation, histone modification) can substantially 
affect a person’s propensity to develop certain diseases or traits.
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This activation causes specific transcription factors to translo-
cate into the nucleus of the cell where they bind to characteristic 
DNA motifs in gene promoters. Given that variations in the 
genetic code (i.e., DNA polymorphisms) can influence the affin-
ity with which transcription factors bind, individual differences 
exist in the extent to which molecular signals are transduced. 
Assuming that binding has taken place, though, this process 
upregulates the transcription of DNA into mRNA, which is then 
decoded, or translated, to produce proteins that mediate bodily 
processes that have wide-ranging effects on mood, cognition, 
behavior, and health. Because such effects are ultimately deter-
mined by both the structure and the function of the genome, 
these dynamics have been likened to human brain function. In 
this analogy, DNA is like the structure of the brain insofar as it 
codes for an individuals’ biological and behavioral potential. 
For this potential to be realized, though, gene expression must 
occur—that is, DNA (i.e., the structure of the brain) must be 
transcribed into mRNA (i.e., functional brain activity) and then 
translated into protein.

Gene expression occurs in all cell types and tissues, and 
which genes are expressed in a particular cell population at 
any given time is called the transcriptome. Scientists have 
long known that the basal transcriptome of different cell  
populations is guided by the evolved regulatory logic of the 
human genome and that the physicochemical environment 
plays an important role in shaping transcriptional dynamics  
(Gibson, 2008; Rappaport & Smith, 2010). More recently, 
though, evidence has accumulated demonstrating that social-
environmental conditions, even purely imagined or symbolic 
cognitive representations of such conditions, can also trigger 
broad shifts in the basal transcriptome, thereby forming the 
empirical basis for human social genomics.

As we discuss later, social-environmental conditions 
influence basal transcriptome activity via central nervous 
system control of neural and endocrine processes (Cole, 
2010; Irwin & Cole, 2011; McEwen, 2007; Miller, Chen, & 
Cole, 2009; Sterling, 2004). This ability for the central ner-
vous system to regulate transcriptional dynamics is not 
accidental but rather part of a deep functional relationship 
between behavioral and biological responses that appear to 
have evolved to help protect individuals during times of 
physical threat (Cole, Hawkley, Arevalo, & Cacioppo, 
2011; Irwin & Cole, 2011; Raison & Miller, 2013; Slavich, 
Way, Eisenberger, & Taylor, 2010). In fact, central nervous 
system regulation of human gene expression is critical for 
accelerating wound healing and limiting the spread of 
infection when physical injury has occurred. Because these 
pathways can be activated simply by subjective experiences 
of the world as hostile or threatening, however, genome-
wide transcriptional skewing that is imperative for surviv-
ing physical injury can also occur in the absence of actual 
physical danger, giving these dynamics the ability to affect 
risk for certain diseases (e.g., cardiovascular disease, can-
cer, neurodegenerative diseases, infectious diseases) in the 
contemporary social environment.

Socially Sensitive Genes

Early hints that social factors might significantly affect 
human gene expression came from studies assessing the 
influence that genetic versus environmental factors have on 
the basal transcriptome (Gibson, 2008; Idaghdour et al., 
2010;  Idaghdour, Storey, Jadallah, & Gibson, 2008). In a 
prototypic example, one study scanned the entire genome 
and found that whereas approximately 5% of differentially 
expressed genes could be attributed to genetic factors asso-
ciated with gender and ancestry, more than 50% of differen-
tially expressed genes were attributable to living in rural 
versus urban environments (Idaghdour et al., 2010). These 
studies could not disentangle the effects of physicochemi-
cal, microbial, and social influences on gene expression, 
but they did succeed in highlighting the previously unap-
preciated fact that environmental factors such as geographic 
location can regulate the expression of approximately 10 
times as many genes as genetic factors.

Evidence that social environments may play a key role in 
such effects emerged around the same time from studies 
designed to examine the molecular basis for social influ-
ences on disease risk and longevity. For example, it has 
long been known that social isolation is associated with 
increased risk for mortality (Berkman & Kawachi, 2000; 
Holt-Lunstad, Smith, & Layton, 2010; House, 2001; House, 
Landis, & Umberson, 1988; Virchow, 1848/2006). To eluci-
date the biological mechanisms underlying these effects, 
early functional genomics studies recruited individuals 
experiencing chronic social isolation and persons who were 
socially well integrated. They then examined whether these 
two groups of individuals exhibited different genomewide 
transcriptional profiles. Because immune system function-
ing has important implications for health (Dhabhar, 2003; 
Glaser & Kiecolt-Glaser, 2005; Medzhitov, 2008), these 
studies focused on differential expression of two distinct 
modules of immune response genes—namely, proinflam-
matory cytokine genes (e.g., IL1B, IL6, IL8, TNF), which 
combat bacteria and other extracellular pathogens, and anti-
viral immune response genes (e.g., IFNA, IFNB), which 
target intracellular pathogens such as viruses (Amit et al., 
2009; Cole, 2012).

The first study conducted revealed a broad shift in the 
expression of two major gene programs within circulating 
immune cells from socially isolated versus socially integrated 
individuals (Cole et al., 2007). Compared to socially inte-
grated individuals, people experiencing chronic social isola-
tion showed enhanced expression of proinflammatory immune 
response genes and a reciprocal downregulation of antiviral 
immune response genes. These results were followed with 
bioinformatic analyses designed to reveal the molecular mech-
anisms mediating these transcriptional shifts. As expected, 
these analyses linked the genomewide transcriptional dynam-
ics observed to increased activity of the transcription factors 
NF-κB and AP-1, which upregulate inflammation. The 
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genomewide transcriptional shift also appeared to be driven 
by decreased activity of transcription factors such as inter-
feron response factors, which promote innate antiviral resis-
tance, and the glucocorticoid receptor, which plays a role in 
downregulating inflammation (Cole et al., 2007, 2011; for a 
review, see Hawkley, Cole, Capitanio, Norman, & Cacioppo, 
2012). Because many of the diseases that socially isolated 
individuals develop involve heightened inflammatory activity 
(Glaser & Kiecolt-Glaser, 2005; Hawkley & Cacioppo, 2010; 
Heffner, Waring, Roberts, Eaton, & Gramling, 2011), these 
results provide a molecular basis for the elevated levels of 
morbidity and mortality that have long been observed in indi-
viduals experiencing loneliness and chronic social isolation.

Although this study focused on social isolation as a model 
of social-environmental adversity, similar proinflammatory/
anti-antiviral skewing of the basal transcriptome in white 
blood cells (i.e., leukocytes) has emerged in people confront-
ing other types of adversity as well. These adversities include 
acute social stressors, such as major life events involving tar-
geted rejection (Murphy, Slavich, Rohleder, & Miller, 2013), 
as well as chronic social stressors, such as ongoing interper-
sonal difficulties (Miller, Rohleder, & Cole, 2009), imminent 
bereavement (Miller et al., 2008), and low socioeconomic sta-
tus (Chen, Miller, Kobor, & Cole, 2011; Chen et al., 2009; 
Miller, Chen, Fok, et al., 2009). Consistent with the hypothesis 
that these effects have implications for health, proinflamma-
tory/anti-antiviral skewing of the leukocyte basal transcrip-
tome has also been found for individuals diagnosed with breast 
cancer (Antoni et al., 2012; Bower, Ganz, Irwin, Arevalo, & 
Cole, 2011) and posttraumatic stress disorder (O’Donovan  
et al., 2011).

Considered together, these correlational data suggest  
that immune response genes are highly sensitive to social-
environmental conditions. This appears to be particularly true 
of immune response genes in “innate immune cells,” such as 
monocytes and dendritic cells, which mediate early responses 
to tissue damage. Converging evidence of such effects is pro-
vided by experimental research in mammalian model organ-
isms (Cole et al., 2010; Cole et al., 2012; Sloan et al., 2010; 
Wohleb et al., 2011). In a recent study that manipulated the 
dominance rank (i.e., social status) of female macaques, for 
example, changes in rank over time caused widespread altera-
tions in peripheral blood mononuclear cell gene expression 
(Tung et al., 2012). Specifically, macaques that were experi-
mentally relegated to a lower social dominance rank exhibited 
upregulated expression of proinflammatory immune response 
genes and a related increase in glucocorticoid resistance, thus 
matching the previously described effects of social isolation 
on human gene expression. Moreover, these effects were asso-
ciated with alterations in glucocorticoid signaling, suggesting 
that altered glucocorticoid functioning may play a key role in 
driving threat-related changes in proinflammatory gene 
expression. Finally, consistent with the hypothesis that these 
transcriptional alterations were due to the subordination 
manipulation, the mononuclear cell gene expression data 

alone predicted primates’ dominance rank with 80% accuracy 
(Tung et al., 2012).

In a more recent study (Cole et al., 2012), the genomewide 
transcriptional profiles of circulating leukocytes from infant 
macaques were analyzed for a group of rhesus macaques that 
were raised by their mother and for those raised by an inani-
mate surrogate mother or age-matched peers. Compared with 
peripheral blood mononuclear cells from maternally reared 
macaques, surrogate mother- and peer-reared macaques’ cells 
showed significantly greater expression of proinflammatory 
immune response genes and reduced expression of antiviral 
immune response genes. Consistent with the other human and 
animal model studies reviewed here, bioinformatic analyses 
designed to elucidate the mechanisms underlying these tran-
scriptional shifts again implicated increased activity of proin-
flammatory NF-κB transcription factors and decreased 
activity of interferon response factor transcription factors in 
linking social adversity with leukocyte gene expression (Cole 
et al., 2012).

Conserved Transcriptional Response to 
Adversity
The pattern of upregulated proinflammatory immune response 
gene activity and down-regulated antiviral immune response 
gene activity described here represents what we call a con-
served transcriptional response to adversity (CTRA). As illus-
trated in Figure 2, the CTRA generally involves a shift in the 
leukocyte’s basal transcriptional stance so that the body is bet-
ter prepared to deal with different types of microbial exposure 
that have historically been associated with injury in dangerous 
environmental conditions (Cole et al., 2011; Irwin & Cole, 
2011). These transcriptional shifts are critical in response to 
actual physical threat because they accelerate wound healing 
and limit infection (Irwin & Cole, 2011). In the very different 
health ecology of the contemporary social world (Finch, 2010; 
Gibson, 2009; McEwen, 2007; Richerson, Boyd, & Henrich, 
2010; Sterling, 2004), however, chronic activation of the leu-
kocyte CTRA in response to nonphysical (i.e., social) stressors 
contributes to a paradoxical increase in both (a) inflammation-
related diseases such as cardiovascular disease and depres-
sion, caused by excessive proinflammatory immune response 
gene expression, and (b) vulnerability to viral infections such 
as the common cold, caused by insufficient antiviral immune 
response gene expression (Cole et al., 2007; Miller et al., 
2008; see Miller, Chen, & Cole, 2009). What once served as 
an adaptive response to impending physical threat now appears 
to be activated most frequently by the diverse array of actual 
or imagined social threats that humans experience on a daily 
basis.

Gene programs such as the CTRA may have the ability to 
affect susceptibility to disease in part because of their sensitivity 
to social-environmental influences. For example, even transient 
environmental perturbations such as experimentally imposed 
sleep loss (Irwin, Wang, Campomayor, Collado-Hidalgo, & 
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Cole, 2006), intense physical activity (Zieker et al., 2005), and 
acute psychological stress (Kawai et al., 2007; Nater et al., 
2009) have been found to alter the leukocyte basal transcrip-
tome. Social influences on gene expression can also penetrate 
surprisingly deeply into the body to remodel basal transcrip-
tomes within several bodily tissues including the breast 
 (Williams et al., 2009), lymph nodes (Sloan et al., 2007), and 
brain (Berton et al., 2006; Drnevich et al., 2012; Karssen et al., 
2007; Weaver, Meaney, & Szyf, 2006). Similar effects have also 
been observed for diseased tissues, such as ovarian cancers 
(Lutgendorf et al., 2009), prostate cancers (Ornish et al., 2008), 
breast cancers (Sloan et al., 2010), and ischemic brain injuries 
(Karelina et al., 2009; see Cole, in press). Although additional 
research is needed to evaluate how widespread and deep the 
effects of social adversity on gene expression are, the fact that 
social influences can remodel transcriptional activity in the 

brain (and not just in the periphery of the body) is particularly 
important because it provides a biologically plausible explana-
tion for how social adversity may elicit the wide range of neural, 
psychological, and behavioral alterations that characterize men-
tal and physical health problems that have been associated with 
adverse social-environmental circumstances.

Social Signal Transduction
Given that several types of adversity (e.g., social isolation, 
subordination, rejection) have been found to influence gene 
expression, an important question to ask is, how exactly do 
external social conditions get converted into genome- 
regulating biochemistry? The mechanisms underlying this 
process—which we call social signal transduction—were first 
elucidated in animal model systems, such as zebra finch song 

Fig. 2. Conserved transcriptional response to adversity (CTRA). The CTRA emerges from neurobiological activation of 
leukocyte inflammatory genes and inhibition of innate antiviral genes in response to subjectively experienced physical or 
social threat. This proinflammatory skewing of the leukocyte basal transcriptome would be adaptive in response to physical 
threat, given that such threats were historically associated with increased risk for wounding and bacterial infection. However, 
social, symbolic, or imagined threats occurring in the contemporary social environment can also activate the CTRA, which 
maladaptively deflects host defenses away from the now more prevalent threat of socially mediated viral infections and toward 
the now diminished threats of injury and bacterial infection. Because the CTRA can be activated by imagined social threat 
(i.e., in the absence of actual physical threat), chronic activation of the CTRA can occur, which promotes the development of 
several inflammation-related conditions, including cardiovascular disease, depression, metabolic syndrome, neurodegenerative 
disorders, and certain neoplastic diseases. These psychiatric and physical conditions cause substantial morbidity and dominate 
modern mortality.
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learning, honeybee nurse/forager transition, and cichlid alpha 
male development (Robinson, Fernald, & Clayton, 2008). In 
each of these lines of research, analyses of socially induced 
transcriptional remodeling demonstrated a critical role for the 
central nervous system in transducing social information into 
changes in hormone and neurotransmitter dynamics that in 
turn modulate gene expression changes throughout the body, 
including in the brain (Fernald & Maruska, 2012; Robinson, 
Grozinger, & Whitfield, 2005; Robinson et al., 2008).

As illustrated in Figure 3a, human research has begun to 
identify broadly similar mechanisms, with central nervous 
system–mediated subjective perceptions of the social environ-
ment as safe versus threatening playing a key role in activating 

dynamics such as the leukocyte CTRA (Slavich, Way, et al., 
2010). In studies of social isolation, for example, CTRA tran-
scripts have been linked primarily to individuals’ subjective 
experience of social isolation or loneliness (i.e., a view of the 
social world as generally hostile and unsupportive; Cacioppo 
& Hawkley, 2009), rather than to “objective” parameters of 
social connection, such as individuals’ social network size or 
marital status (Cole et al., 2007; Cole et al., 2011). Analyses of 
socioeconomic-related differences in gene expression have 
revealed similar effects, with leukocyte transcriptional altera-
tions being linked more closely to peoples’ general belief that 
the social world is a threatening or inhospitable place than to 
objective indices of social status, such as household income or 

Fig. 3. Human social signal transduction. Social signal transduction is the process by which subjectively perceived social 
conditions and historically and developmentally derived anticipatory worries alter genomewide transcriptional dynamics.  
(a) Social-environmental threats are neurocognitively appraised and converted into changing patterns of activity in the 
sympathetic nervous system (SNS) and hypothalamic-pituitary-adrenal (HPA) axis. Neuroeffector molecules from these 
systems engage specific gene transcriptional programs in differing target cells. In leukocytes, for example, SNS and HPA signaling 
suppress innate antiviral genes (e.g., IFNA, IFNB), whereas SNS signaling activates, and HPA signaling inhibits, proinflammatory 
cytokine genes (e.g., IL1B, IL6, IL8, TNF). (b) These processes can also be depicted conceptually, highlighting the fact that 
social experiences can become biologically embedded in at least two ways. First, internal physiologic recursion can occur, given 
that the genes targeted by social signal transduction pathways encode the molecules that mediate social signal transduction 
(e.g., receptors, intracellular signaling molecules, transcription factors, and growth factors). This recursive process propagates 
experienced-induced transcriptional alterations forward in time by sensitizing signal transduction pathways to the external 
social environment. Second, external social recursion can occur, given that social signal transduction can modulate genes involved 
in the regulation of social behavior (e.g., defensive responses to perceived threat). This recursive process takes place when 
conspecifics in the surrounding environment change their behavior in response to an individual’s altered actions, locking 
the individuals in a reciprocal feedback system. These two pathways give social-environmental experiences the ability to 
influence the basal cellular transcriptome for weeks and years after the initial environmental impetus has passed. ACTH = 
adrenocorticotropin hormone; ADRB2 = β2-adrenergic receptor; CRH = corticotrophin releasing hormone; PRR = pattern 
recognition receptor.
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education (Chen et al., 2009). Finally, as we have discussed 
already, even the mere threat of a significant social loss, such 
as the anticipated bereavement of a spouse with brain cancer, 
can activate the CTRA (Miller et al., 2008).

The paramount role of subjective perception in human 
social signal transduction stems from the fact that central ner-
vous system–mediated experiences of social-environmental 
conditions, not the external conditions themselves, are what 
trigger the release of neural and endocrine response molecules 
that proximally regulate gene expression (Irwin & Cole, 2011; 
McEwen & Gianaros, 2010; Slavich, O’Donovan, Epel, & 
Kemeny, 2010; Slavich, Way, et al., 2010). Put another way, 
the effects of social experiences on gene expression are neuro-
cognitively mediated. This has several implications. First, it 
means that purely symbolic or imagined stimuli—that is, situ-
ations that have not yet happened or that may never actually 
occur—can engage the same ancestral defense programs that 
are triggered by actual social or physical threats (see Fig. 2; 
Irwin & Cole, 2011; McEwen, 2007; Slavich, Way, et al., 
2010; Sterling, 2004). Second, it suggests that the same social-
environmental conditions, such as being socially evaluated or 
rejected, can be appraised in different ways and therefore have 
different gene expression consequences for different people 
depending on factors such as individuals’ sensitivity to social 
threat (Gyurak et al., 2012; O’Donovan, Slavich, Epel, &  
Neylan, 2013), propensity to view stressful circumstances as 
challenging versus threatening (Blascovich, Mendes, Hunter, 
& Salomon, 1999), cognitive-emotional resources (Taylor & 
Seeman, 1999), availability of social support (Eisenberger et 
al., 2011), and biographical and psychiatric histories (Slavich, 
Monroe, & Gotlib, 2011; Slavich, O’Donovan, et al., 2010). 
This explains in part how differences in perceptual processes 
and personality characteristics—such as negative cognitive 
biases, rejection sensitivity, social anxiety, and neuroticism—
can come to be associated with stable individual differences in 
basal gene expression profiles and, therefore, health (Cole  
et al., 2007; Cole et al., 2011; Sloan, Capitanio, Tarara, & 
Cole, 2008). Finally, it indicates that events that are seemingly 
very different from one another, such as being socially rejected 
versus physically attacked, may have the ability to initiate the 
same transcriptional responses if they activate similar neuro-
cognitive processes (e.g., given that social rejection and physi-
cal pain engage the same neural and endocrine pathways, both 
may induce proinflammatory skewing of the basal transcrip-
tome; see Eisenberger, 2012; Eisenberger & Cole, 2012; 
Kross, Berman, Mischel, Smith, & Wager, 2011; Slavich, Way, 
et al., 2010).

One strategy for mapping the neural and hormonal signals 
that transduce experiences of the social environment into 
genome-regulating biochemistry involves using bioinformatic 
strategies that identify the types of intracellular transcription 
factors that mediate observed changes in gene expression. 
This research strategy has implicated several transcription 
control pathways in structuring genomewide transcriptional 
responses to social-environmental conditions. Some of these 

transcription factors are “usual suspects” that have long been 
known to be involved in threat-related neurobiology. A key set 
of transcription factors in this context are the cyclic AMP 
response element-binding protein family factors, which  
are activated by the β-adrenergic receptor (βAR)/protein 
kinase A signaling pathway during sympathetic nervous  
system-mediated fight-or-flight responses (Cole et al., 2007;  
Lutgendorf et al., 2009).

Other pathways involved in social signal transduction repre-
sent usual suspects behaving unusually. For example, although 
glucocorticoid receptors typically downregulate inflammatory 
gene expression, during exposure to chronic psychosocial 
stress or threat, glucocorticoid receptors fail to regulate gluco-
corticoid response genes, despite the fact that glucocorticoid 
levels are either normal or even elevated  (Avitsur, Stark, Dhab-
har, Kramer, & Sheridan, 2003; Miller et al., 2008; Wohleb  
et al., 2011). This phenomenon is called glucocorticoid insen-
sitivity, and it involves βAR-induced increases in the produc-
tion of immature leukocytes from bone marrow that bear 
functionally desensitized glucocorticoid receptor proteins 
(Cole et al., 2010; Pace, Hu, & Miller, 2007; Pace & Miller, 
2009; Wohleb et al., 2011). As a result of decreased glucocorti-
coid receptor cross-regulation, NF-κB and AP-1 are de-
repressed—that is, they are no longer inhibited from binding to 
gene promoters—thereby upregulating the proinflammatory 
component of the CTRA, leading to increased inflammatory 
activity (Cole et al., 2007; Pace, Hu, & Miller, 2011; Wohleb et 
al., 2011). At the same time, sympathetic nervous system/βAR 
signaling also inhibits interferon response factor transcription 
factors, which suppresses antiviral immune response gene 
expression and increases a person’s susceptibility to viral infec-
tion (Collado-Hidalgo, Sung, & Cole, 2006; Miller et al., 2008; 
Sloan et al., 2007; Sloan et al., 2010).

Several other mechanisms have been implicated in human 
social signal transduction. In addition to the transcription fac-
tors described so far, for example, there is evidence that EGR 
and GATA family transcription factors are involved in threat-
related gene expression (Cole et al., 2007; Cole et al., 2010; 
Miller et al., 2008; Robinson et al., 2005, 2008). Whereas 
EGR transcription factors play a role in modulating key 
aspects of the adaptive immune response such as differentia-
tion of lymphocyte precursors and activation of T cells and B 
cells (Gómez-Martín, Díaz-Zamudio, Galindo-Campos, & 
Alcocer-Varela, 2010), GATA transcription factors are 
expressed in a wide variety of tissues and regulate gene  
transcription in multiple stress-relevant organs, including  
the hypothalamus, pituitary, and adrenals (Viger, Guittot,  
Anttonen, Wilson, & Heikinheimo, 2008). In addition, mam-
malian animal model studies and postmortem studies of 
humans have demonstrated that adverse social experiences are 
associated with central nervous system alterations in other 
“epigenetic” processes, such as DNA methylation and histone 
modification, that could modulate gene transcriptional activity 
(Meaney & Ferguson-Smith, 2010; Robinson et al., 2005; 
Robinson et al., 2008; Tsankova, Renthal, Kumar, & Nestler, 
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2007). A landmark finding in this context is the discovery that 
poor maternal care in rodents (characterized by low licking/
grooming and arched-back nursing; Weaver et al., 2004; 
Weaver et al., 2006) and childhood abuse in humans (charac-
terized by a history of inappropriate sexual contact or severe 
physical abuse or neglect) are correlated with epigenetic mod-
ification of the glucocorticoid receptor gene in the neural tran-
scriptome, particularly in the hypothalamus and amygdala 
(McGowan et al., 2009). These associations may thus help 
explain how adverse social-environmental experiences are 
translated into long-term changes in transcriptional activity 
that shape complex behavioral phenotypes and risk for disease 
(Boyce, Sokolowski, & Robinson, 2012; Fernald & Maruska, 
2012).

Transcriptional Embedding of Social 
Experience
Epigenetic processes represent one way by which adversities 
occurring at one point in time may lead to persistent changes 
in human behavior and disease risk. This issue is complex, 
though, and there are likely several nonmutually exclusive 
social-cognitive and biological processes that give social 
influences the ability to shape long-term behavior and health. 
One possibility (a social-environmental explanation) is that 
stressful situations may become prolonged. For example, a 
stressor might begin as an acute life event, such as the breakup 
of an intimate relationship, but then evolve into a chronic dif-
ficulty, such as social isolation and loneliness. A second pos-
sibility (a social-cognitive explanation) is that a stressor may 
be relatively acute in nature, but for some reason the person’s 
experience of the stressor becomes prolonged. For example, 
an individual is broken up with, and although the event has 
passed, he or she cannot stop thinking about the event and its 
meaning and implications (Nolen-Hoeksema, Wisco, & 
 Lyubomirsky, 2008). Finally, a third possibility (a biological 
explanation) is that the stress exposure occurs during a devel-
opmentally critical or sensitive period, during which time tran-
sient social processes have the ability to reshape transcriptional 
dynamics and the biological systems that govern these dynam-
ics (Miller & Chen, 2010; Miller, Chen, & Parker, 2011;  
Taylor, 2010).

The term generally used to describe this third process is 
biological embedding (Boyce et al., 2012; Hertzman, 1999; 
Hertzman & Boyce, 2010; Shonkoff, Boyce, & McEwen, 
2009). One way that adverse experiences can get biologically 
embedded is by reshaping the dynamics of regenerative plas-
ticity, or the ongoing low-level transcription of the human 
genome to replace dead cells and decayed proteins. In this pro-
cess, increased hormone or neurotransmitter signaling caused 
by an experience of physical or social-environmental threat 
upregulates the ongoing production of new proteins or cells to 
replace those lost to damage or decay. One example of this 
process involves the hematopoietic output of leukocytes from 
bone marrow to replace the large numbers of white blood cells 

that die every day. Because leukocytes remain in the body for 
several days to years (depending on the exact cell type and 
location) and given that neurotransmitter regulation of hema-
topoietic output can selectively enhance the production of pro-
inflammatory monocytes (Hanke, Powell, Stiner, Bailey, & 
Sheridan, 2012), experiences of social-environmental adver-
sity occurring on any given day can reshape an individual’s 
inflammatory milieu well into the future (Cole et al., 2010; 
Irwin & Cole, 2011). Social influences can also induce short-
term molecular alterations through transcriptional plasticity of 
tissue regeneration and wound-repair processes (Chen et al., 
2011; Cole et al., 2007; Cole et al., 2010; Cole et al., 2011; 
Lutgendorf et al., 2009; Miller et al., 2008; Miller, Chen, Fok, 
et al., 2009; O’Donovan et al., 2011; Sloan et al., 2007; Sloan 
et al., 2010).

Social experiences can regulate gene expression in long-
lived terminally differentiated cell types such as neurons as 
well (Robinson et al., 2005; Robinson et al., 2008; Sloan et al., 
2008). For example, recent studies have found that both a gen-
eral tendency to be unsociable and exposure to 3 weeks of 
social instability upregulate expression of the gene that codes 
for nerve growth factor beta (NGF) in rhesus macaque lymph 
nodes (Sloan et al., 2007; Sloan et al., 2008). This is critical 
because upregulated NGF expression has been associated with 
reduced antiviral immune response gene expression in leuko-
cytes, which increases an organism’s vulnerability to viral 
infection (Collado-Hidalgo et al., 2006; Sloan et al., 2007). 
These dynamics have also been shown to trigger increased 
arborization of sympathetic nervous system fibers in the 
lymph node, which expands the regulatory pipeline from the 
brain to the immune system, making local leukocyte immune 
response gene and NGF transcription increasingly sensitive to 
social-environmental input. Over time, this dynamic can 
become locked in a self-promoting positive feedback cycle 
that perpetuates sympathetic nervous system hyperinnerva-
tion, possibly leading to sustained subjective perceptions of 
heightened threat (Cole, 2012). A similar neuromolecular sen-
sitization in the central nervous system may occur in response 
to chronic forms of stress, such as ongoing interpersonal prob-
lems, imminent bereavement, social isolation, and low socio-
economic status. As a result of such transcriptional recursion, 
which is depicted in Figure 3b, the molecular residue of expe-
rienced threat can become embedded in the basal cellular tran-
scriptome and persist not just for days or months but for years 
after its initial environmental impetus has passed (Cole, 2012; 
Miller, Chen, Fok, et al., 2009; O’Donovan et al., 2011).

Concretizing Gene-Environment 
Interactions
A major benefit of mechanistic models of social signal trans-
duction is that they provide new opportunities for the 
 systematic discovery of Gene × Environment interactions in 
human health and behavior. This can be done through compu-
tational modeling of the molecular processes that underlie 
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Gene × Environment interactions. One way of approaching 
this is to first conduct bioinformatic analyses that identify 
transcriptional control pathways that are influenced by social- 
environmental input. Then, molecular interaction models can 
be used to analyze the effect that a particular genetic polymor-
phism has on the transcription factor’s ability to stimulate 
gene expression. If inflammatory processes are implicated, for 
example, analyses might focus on polymorphisms in the pro-
moter of the interleukin-6 (i.e., IL6) gene, which regulates  
the production of the key proinflammatory cytokine IL-6 
(Fishman et al., 1998). In contrast, if the serotonergic system 
is implicated, analyses might focus on polymorphisms in the 
promoter of the serotonin transporter gene (e.g., 5-HTTLPR), 
which has received considerable attention in studies of stress 
and health (Caspi et al., 2003; Caspi, Hariri, Holmes, Uher, & 
Moffitt, 2010). Finally, confirmation that a particular genetic 
polymorphism is relevant for a behavioral phenotype or health 
outcome can be achieved by testing whether the effects of a 
certain gene on the outcome of interest differ as a function of 
genotype.

Evidence of the benefits of this approach is provided by a 
recent study that elucidated the social signal transduction 
pathways underlying the effects of social-environmental 
adversity on mortality from inflammation-related causes of 
death (Cole et al., 2010). This study first identified the GATA1 
transcription factor as a mediator of sympathetic nervous 
system/βAR-induced transcriptional responses to social- 
environmental threat. Next, predicted GATA1 target genes 
were scanned for polymorphisms that might affect the binding 
of GATA1 to characteristic DNA motifs. This analysis revealed 
a single nucleotide polymorphism—specifically, a G/C trans-
version 174 bases upstream of the transcription start site for 
the human IL6 gene—that was predicted to inhibit GATA1 
binding. Under these circumstances, it was hypothesized that 
the IL6 gene would effectively be “disconnected” from social-
environmental regulation, thus preventing social adversity 
from “penetrating” the genome to impact health.

Consistent with this prediction, in vitro biochemical analy-
ses confirmed that the C allele of the IL6 promoter showed 
reduced transcriptional responsiveness to βAR/GATA1 activa-
tion. In addition, in vivo molecular epidemiology confirmed 
that under high levels of social-environmental adversity, indi-
viduals who were homozygous for the GATA1-sensitive G 
allele died 2.8 years sooner than their counterparts bearing the 
GATA1-insensitive C allele. Consistent with the hypothesis 
that this effect was mediated by inflammatory factors, G allele 
carriers exhibited increased risk for inflammation-related 
causes of death (e.g., cardiovascular disease, cancer, diabetes) 
but not for noninflammation-related causes of death (e.g., 
respiratory failure, trauma). Moreover, the association between 
this polymorphism and mortality risk was completely attenu-
ated when analyses adjusted for levels of systemic inflamma-
tion, as indexed by the inflammatory marker C-reactive protein 
(Cole et al., 2010). This effect is graphically illustrated in  
Figure 4.

This social genomics approach to studying Gene × Envi-
ronment interactions has several benefits for elucidating fac-
tors that influence human health. First, as would be expected, 
the approach reveals that for maximal phenotypic impact to 
occur, an individual has to have both an environmentally sen-
sitive genotype (i.e., the IL6 G allele) and a social threat–
related functional activation of this genotype, as indexed by 
sympathetic nervous system/βAR/GATA1 signaling. Second, 
this approach provides a concrete molecular basis for under-
standing why this IL6 polymorphism is not always associated 
with increased disease risk. Or, put another way, it identifies 
a genetic factor that explains individual differences in suscep-
tibility to diseases that are caused in part by exposure to 
adverse social-environmental conditions. Finally, and per-
haps most important, the approach helps map the social signal 
transduction pathway involved in inflammation-related dis-
ease in a way that highlights specific biological strategies, 
such as βAR blockade, that can be used for mitigating Gene × 
Environment-gated health risks (Cole et al., 2010; Sloan  
et al., 2010; Wohleb et al., 2011). For example, because 
inflammation has been implicated in several major disorders, 
including asthma, rheumatoid arthritis, cardiovascular dis-
ease, certain cancers, and depression, studies like the afore-
mentioned could lead to novel methods for treating, and 
perhaps even preventing, some of our most common and bur-
densome diseases (Capuron & Miller, 2011; Haroon, Raison, 
& Miller, 2012; Hayley, 2011).

Put into a broader context, the Social Adversity × IL6 inter-
action described here exemplifies a growing trend in the dis-
covery of polymorphisms that influence the magnitude of 
biological sensitivity to the environment, as opposed to pheno-
types that are characterized by a specific directional risk (e.g., 
the “depression gene”) or benefit (e.g., the “altruism gene”; 
Boyce et al., 2012; Gibson, 2008; Way & Taylor, 2010). These 
phenotypic plasticity alleles confer increased advantage in 
favorable environments and increased risk in adverse environ-
ments, and they have likely remained polymorphic because 
they amplified a mix of fitness costs and benefits over the 
range of human evolutionary environments (Cole, 2012; 
Finch, 2010; Gibson, 2008, 2009; Maranville et al., 2011; 
Richerson et al., 2010). Moreover, data increasingly suggest 
that plasticity alleles may be associated with a diverse array of 
phenotypes, including emotion perception and neural system 
activation, expression of distinct life history strategies involv-
ing reproductive and antisocial behavior, the development  
of human social networks, socioeconomic influences on 
depression, and the coevolution of genes and culture, all of 
which were discussed in a recent symposium on gene-environ-
ment interplay called “Genes & Environment: Finding the 
Missing Heritability of Complex Traits” (see http://www 
.gxe2010.org). Although it is unclear how broadly plasticity 
alleles affect human functioning, their existence raises the 
intriguing possibility that some people may be genetically 
more sensitive to transcriptional regulation by the social envi-
ronment than others and thus more deeply enmeshed in an 
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interlocking network of human genomes in which individual 
transcriptional “identities” are determined in part by the nature 
of the others surrounding them (whose own transcriptomes are 
in turn shaped by genomic regulation from others).

Despite these findings, plasticity alleles that enhance gen-
eral adaptive capacities—such as the ability to anticipate chal-
lenges and preemptively deploy physiologic or behavioral 
defenses—would generally have “swept to fixation” over our 
evolutionary history (Gibson, 2008, 2009; McEwen, 2007; 
Sabeti et al., 2006; Sterling, 2004). As a result, much of the 
genetic basis for human transcriptional sensitivity to social 
context may now reside in nonpolymorphic (rather than poly-
morphic) regions of our genome. Because these genetic loci 
would have escaped detection in polymorphism-based associ-
ation studies, it raises the interesting possibility that we may 
have yet to uncover the genetic sequences that most strongly 
shape biological sensitivity to social-environmental experi-
ences (Gibson, 2008, 2009; Idaghdour et al., 2010).

The Human Metagenome
Social influences regulate gene expression on an individual 
level, but they may also be involved in gene expression at a 

collective group level. In fact, social signal transduction 
implies a metagenomic system in which individual genomes 
operate differently depending on the presence of other people 
and their (subjectively perceived) implications for individual 
fitness outcomes, such as reproduction and survival (Cole  
et al., 2011; Slavich, Way, et al., 2010). The notion that  
the activity of our own genome is determined in part by the 
transcriptomes of others suggests the existence of a human 
metagenome—a system that is likely to generate complex 
emergent properties as transcriptional dynamics propagate 
through networks of genomes (Kauffman, 1993).

At this point in time, the existence of a human metage-
nomic system raises more questions than answers. For exam-
ple, which types of genes are subject to network-level 
regulation (Cole et al., 2011; Robinson et al., 2008; Slavich, 
Way, et al., 2010)? How are network transcriptional dynamics 
affected by genetic, historical, or developmental influences or 
by network structural characteristics such as linkage patterns, 
community blocks, and individual linkage characteristics 
including centrality, density, or redundancy? Do individual 
transcriptional alterations affect network structure—for exam-
ple, the tendency to affiliate with similar others (i.e., homoph-
ily) or to bond with those who are different (i.e., heterophily)? 

Fig. 4. Concretizing gene-environment interactions in health. Graphically illustrated are the results of a recent study that showed 
that a single nucleotide polymorphism in the human IL6 promoter alters the ability for threat-activated GATA1 transcription factors 
to bind to DNA. Whereas high DNA binding affinity transduces the social threat–related signal downstream where it upregulates IL6 
gene expression, low binding affinity effectively disconnects this key proinflammatory cytokine from socioenvironmental regulation via 
sympathetic nervous system (SNS)/β-adrenergic receptor (βAR) signaling. Consistent with the prediction that these mechanisms are 
relevant for health, individuals who were homozygous for the GATA1-sensitive G allele died 2.8 years sooner than their counterparts 
bearing the GATA1-insensitive C allele. These results thus provide a genetic basis for differences in risk and resilience to social-
environmental adversity, as well as a general framework for understanding why negative social experiences are more strongly related to 
increased IL6 expressivity, systemic inflammation, and inflammation-related disease risk for some individuals compared to others. IL-6 = 
interleukin-6; NE = norepinephrine.
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How do physicochemical or microbial factors interact  
with human social systems to regulate metagenomic systems 
(Gibson, 2008), and are these influences transmitted through 
different networks or signal transduction pathways than social 
threat–related influences? Objective and subjective network 
characteristics regulate distinct groups of immune response 
genes (Cole et al., 2007; Cole et al., 2011), as well as neural-
regulatory genes (Berton et al., 2006; Robinson et al., 2008; 
Weaver et al., 2006), but their effects on other types of genes 
and bodily tissues remain poorly understood. Furthermore, 
what role does human culture play in metagenomic dynamics 
(Boyd, Richerson, & Henrich, 2011; Richerson  
et al., 2010)? Finally, what network features prompt our 
ancient hunter-gatherer genomes to deploy transcriptional host 
defense programs such as the CTRA in modern social ecolo-
gies (Finch, 2007, 2010; McEwen, 2007; Richerson et al., 
2010; Slavich, Way, et al., 2010; Sterling, 2004)? Activating a 
transcriptional response that reduces risk of injury and infec-
tion during actual physical danger makes good adaptive sense; 
when such a response is deployed during contemporary social 
stressors, however, the health risks can easily outweigh the 
benefits, particularly if the response is prolonged by neurocog-
nitive mechanisms or transcriptional embedding.

Topics for Further Clarification and 
Research
These questions begin to highlight what remains to be discov-
ered within the exciting new field of human social genomics. 
Many other issues await further investigation. In our discus-
sion of socially sensitive genes, for example, we focused on 
gene programs involved in innate immunity and, specifically, 
inflammation, given the adaptive importance of these genes 
and the central role that they play in promoting susceptibility 
to a variety of diseases. However, what other types of genes 
are responsive to social input? Furthermore, any social- 
psychological process or complex phenotype that has evolu-
tionary significance could presumably be represented at the 
level of the genome or metagenome. These include social 
attachment, affiliation, altruism, conformity, personality, psy-
chopathology, prejudice, social hierarchies, mating behavior, 
and culture. Another major avenue for future discovery, there-
fore, is to identify additional complex phenotypes that are 
influenced by social context and mediated by transcriptional 
changes. This research should aim to specify the gene pro-
grams involved in these phenotypes, the physiological path-
ways that mediate the effects of social processes on these 
transcriptional dynamics, and the implications that these pro-
cesses have for the behavioral or health outcomes under 
investigation.

Relevant for the identification of socially sensitive genes is 
the related question of what types of social-environmental 
stressors are most strongly related to changes in gene expres-
sion. In the present discussion, we focused on particular types 
of experiences (e.g., low social status, social isolation, 

rejection) and social-environmental conditions (e.g., living in 
a rural vs. urban environment). Our perspective is that leuko-
cyte transcriptional dynamics have evolved to counter the dif-
fering types of microbial exposure that have historically been  
associated with friendly versus threatening conditions. But, 
presumably other types of contemporary social-environmental 
stressors or experiences could indicate a possible increase in 
threat and therefore have implications for human gene expres-
sion. So, what, exactly, are the types of stressors or social-
environmental experiences that are most strongly related to 
gene expression and, in turn, to different health outcomes and 
behavioral phenotypes (Cole, 2012; Harkness et al., 2010; 
Kemeny, 2009; Lutgendorf et al., 2012; Monroe & Slavich, 
2007; Monroe, Slavich, & Georgiades, 2009; Slavich, Thorn-
ton, Torres, Monroe, & Gotlib, 2009)? And, are the mecha-
nisms that link these different experiences to transcriptional 
changes the same or different for different social influences 
(O’Donovan et al., 2010)?

Future research is also needed to elucidate the neurocogni-
tive processes that are relevant for gene expression. In the 
present review, we summarized data showing that subjective 
perceptions of the external social environment (e.g., as being 
friendly vs. hostile) appear to be more strongly related to 
genomewide transcriptional shifts than the actual social-envi-
ronmental conditions themselves. This does not mean that the 
contextual features and characteristics of the external social 
world do not matter for gene expression, especially since peo-
ples’ subjective experiences are shaped in part by the reality of 
their surrounding social environment. But, it does suggest that 
subjective neurocognitive appraisals of the external social 
environment are important for social threat–related changes in 
gene expression.

To our knowledge, only one study to date has examined how 
neurocognitive perceptions of the external social world relate 
to inflammatory biology, and this study found that individuals 
who exhibited greater neural responses to social rejection in 
pain-related neural regions—specifically, the dorsal anterior 
cingulate cortex and bilateral anterior insula—had greater 
inflammatory responses to a laboratory-based social stress task 
(Slavich, Way, et al., 2010). These findings suggest that the 
neural substrates of inflammation-related gene expression may 
include brain systems that are involved in processing experi-
ences of physical pain (Eisenberger, 2012; Eisenberger & Cole, 
2012). However, several neural systems are likely relevant for 
gene expression. The system just described, for example, 
appears to be involved in the experience of social-environmen-
tal threat and includes the amygdala, dorsal anterior cingulate 
cortex, and bilateral anterior insula. In addition, a second sys-
tem appears to be implicated in determining the relative physi-
cal safety and security of the individual and is mediated in part 
by the ventromedial prefrontal cortex. Finally, a third system is 
involved in representing the thoughts and intentions of others 
and their relevance for the self (e.g., “What do those people 
think of me?” or “Do they like me?”) and includes the dorso-
medial prefrontal cortex, medial prefrontal cortex, pregenual 
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anterior cingulate, and posterior cingulate (Eisenberger et al., 
2011; Muscatell et al., 2012). Because no studies have exam-
ined the neurocognitive processes associated with changes in 
gene expression, an important goal for future research is to 
elucidate the neural systems that regulate transcriptional 
dynamics and to determine how these neuromolecular interac-
tions are relevant for human health and behavior (for a more 
extensive review of these neural systems and how they may 
influence gene expression, see Irwin & Cole, 2011; Lieber-
man, 2010; Muscatell & Eisenberger, 2012).

In addition to identifying the neurocognitive processes  
that are relevant for gene expression, research is needed to  
elucidate the full array of mechanisms that influence whether 
neurocognitive signals get converted into genomewide tran-
scriptional events. For example, genetic polymorphisms affect 
social signal transduction, but researchers in the social and 
health sciences have focused almost exclusively on a very 
small number of polymorphisms (e.g., 5-HTTLPR, IL6 pro-
moter) that may be relevant for human health and behavior. 
Additional research is thus needed to examine other polymor-
phisms in both regulatory and coding regions of DNA that may 
be important for gene expression. In addition, although we 
have discussed how translated regions of mRNA regulate gene 
expression, untranslated regions of mRNA also play an impor-
tant role in controlling gene expression changes insofar as they 
influence mRNA maturation, shuttling, stability, and transla-
tional efficiency (Asson-Batres, Spurgeon, Diaz, DeLoughery, 
& Bagby, 1994; Stamou & Kontoyiannis, 2010). Put broadly, 
then, there is still much to learn about the full range of mecha-
nisms that influence social signal transduction.

Important questions also remain concerning how social 
environmentally induced changes in gene expression have 
long-term effects. Because our cells are continually involved 
in a process of self-regeneration, experiences occurring at any 
point in time can influence human functioning for weeks 
through regenerative plasticity and for months and years via 
neuromolecular sensitization (Cole, 2009; Irwin & Cole, 
2011). Initial evidence for such sensitization is suggested by 
research showing that neural activity can regulate inflamma-
tory processes (Slavich, Way, et al., 2010) and that changes in 
inflammation can in turn influence neural activity  (Eisenberger, 
Inagaki, Rameson, Mashal, & Irwin, 2009). As we have 
already noted, though, no studies have directly examined the 
neural processes that regulate gene expression changes (and 
vice versa) in humans. So, what are the mechanisms that 
underlie these effects, and what implications do these dynam-
ics have for different types of behavioral or health outcomes? 
In addition, can these dynamics help explain how some behav-
ioral routines or addictions develop, why psychiatric disorders 
like anxiety and depression are often recurrent, or why certain 
types of psychological experiences (e.g., anxiety, depression) 
and somatic conditions (e.g., asthma, cardiovascular disease) 
frequently co-occur? Although these bidirectional links have 
possible implications for understanding how adverse experi-
ences become biologically embedded and thus influence 

health and behavior for years after a social-environmental per-
turbation has passed, much more research is needed to deter-
mine how these effects occur.

Most of what we have said so far suggests that only adverse 
social-environmental conditions influence gene expression, 
leading to negative health outcomes and behaviors. This is 
certainly not the case, though, and in the long run, the most 
impactful human social genomics studies may well be those 
that identify the types of positive experiences that influence 
gene expression. In one recent study, for example, a 10-week 
cognitive-behavior intervention designed to target anxiety-
related affective and behavioral processes counteracted the 
effects of stress-related CTRA transcriptional skewing by 
reducing expression of proinflammatory and metastasis-
related genes and by increasing expression of interferon-
related genes in early-stage breast cancer patients who were 
randomly assigned to receive the intervention (Antoni et al., 
2012). Similar genome-regulating effects have been found for 
Kirtan Kriya meditation (Black et al., in press) and for a mind-
fulness-based stress reduction program (Creswell et al., 2012). 
These data thus provide the first evidence that psychological 
interventions can reverse stress-induced genomewide tran-
scriptional responses such as the CTRA, which may in turn 
have implications for human health (Finch, 2007, 2010).

Such findings raise the question of what other cognitive or 
behavioral interventions might affect the basal transcriptome 
and, when identified, whether these interventions can be 
deployed to improve clinical outcomes and quality of life—
and to reduce suffering and disease burden—in major diseases 
such as cardiovascular disease, depression, and cancer. This 
research also hints at the possibility that certain positive states 
of mind may be associated with differences in gene expres-
sion, which may in turn shape a person’s risk for a variety of 
psychiatric and physical disorders. Such states may include 
optimism, tranquility, affection, gratitude, admiration, mindful-
ness, social connectedness, and compassion (Aschbacher et al., 
2012; Eisenberger et al., 2011; Epel et al., 2013; Immordino-
Yang, McColl, Damasio, & Damasio, 2009; Keltner, Marsh, & 
Smith, 2010). However, because these states generally involve 
affiliative, appetitive, exploratory, and reward motivations 
(e.g., instead of isolative and avoidant motivations), they 
likely engage neurobiological pathways and influence sets of 
genes that are different from those affected during physical or 
social threat (Lieberman & Eisenberger, 2009; Panksepp, 
1998). Clearly, we are just beginning to understand how 
genomic activity differs as a function of the full range of posi-
tive and negative social conditions that humans experience.

Finally, many promising avenues of research exist relating 
to how social-environmental factors may regulate gene expres-
sion dynamics on a collective level. For example, it is known 
that individuals from different geographic regions and races 
have different polymorphic structures, but what are the impli-
cations of this genetic variation for basal transcriptome differ-
ences across social groups, cultures, and countries? Can 
understanding these genetic and genomic differences help 
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explain why certain diseases and phenotypes cluster in partic-
ular groups or populations? In addition, what role does human 
culture play in social signal transduction, and how has social 
signal transduction shaped the evolution of the human genome, 
the development of human social systems, and gene-culture 
coevolution (Richerson et al., 2010)? These questions high-
light just a few of the many exciting ways in which integrating 
human social genomics and social systems analyses can 
advance our understanding of contemporary human biology to 
illuminate the deeper evolutionary history of Homo sapiens, 
the most social of all animals (Cacioppo & Hawkley, 2009).

Concluding Comments
In conclusion, the long-standing belief in science and society 
has been that we are relatively stable biological entities, 
despite the fact that we live in a dynamic social environment. 
From this perspective, it has made sense to ask questions that 
pit genes against environment and nature against nurture. As 
we learn more about human gene transcription, however, it is 
becoming increasingly apparent that our molecular “selves” 
are far more fluid and permeable to social-environmental 
influence than we have generally appreciated (Robinson, 
2004). To capture the essence of the rapidly developing litera-
ture on this topic, we have called this field of research human 
social genomics and have reviewed the empirical studies that 
substantiate its existence, relevance, and importance.

As we have summarized here, this burgeoning field of 
research has begun to identify the specific types of genes that 
are subject to social-environmental regulation, the neural and 
molecular mechanisms that mediate the effects social pro-
cesses have on gene expression, and the genetic polymor-
phisms that moderate the extent to which social conditions 
cause transcriptional shifts. The discovery that social-environ-
mental factors can substantially alter the expression of literally 
hundreds of genes and that the types of genes that are differen-
tially expressed can be meaningfully identified as gene pro-
grams or profiles represents a paradigm shift in thinking on 
gene-environment interactions. It also provides new insights 
into how social conditions shape complex phenotypes and sus-
ceptibility to disease and, in doing so, highlights potential tar-
gets for mitigating the negative effects of these phenomena. 
Finally, these results provide new theoretical and computa-
tional modeling frameworks that link human molecular genet-
ics to genomic evolution and gene-culture coevolution. For 
although as adults we are often physically separated from 
those around us, our presence in different social groups means 
that we are transcriptionally connected, giving rise to a human 
metagenome that has implications for collective health and 
behavior.

Looking forward, several broad avenues exist for addi-
tional research and discovery. First, since most of the existing 
studies on human social genomics are correlational, additional 
human and animal model studies are needed in which tran-
scriptional changes are examined following exposure to 

experimentally manipulated social-environmental conditions. 
These studies will expand the empirical literature on human 
social genomics and reveal new insights into the types of 
social-environmental conditions that are most strongly associ-
ated with genomewide transcriptional shifts. Second, to better 
map human social signal transduction pathways, studies will 
need to assess multiple levels of analysis simultaneously. For 
example, by employing measures of neural activity, gene 
expression, and psychological and behavioral processes in the 
same experimental context, researchers will be able to eluci-
date the neural systems that regulate genomewide transcrip-
tional dynamics and the psychological and behavioral 
correlates of these dynamics, all linked to the same social-
environmental provocation. Finally, additional studies are 
needed to examine the relevance of social genomics research 
for different psychiatric and physical diseases and to translate 
findings from this work into new psychological and psycho-
pharmacological strategies for reducing the morbidity and 
mortality associated with our most common and costly disor-
ders. Studies that elucidate how the external social environ-
ment gets translated into the internal biological environment 
of disease pathogenesis may lead to new methods for prevent-
ing disorders and promoting wellness, but much more research 
is needed to turn this promise into reality.
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