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Isolating the Effects of Social Interactions on Cancer Biology
Perspective on Williams et al., p. 850

Brian C. Trainor,1,4 Colleen Sweeney4 and Robert Cardiff2,3

Abstract This perspective on Williams et al. (beginning on p. 850 in this issue of the journal) exam-
ines the connections between biological responses activated during psychosocial stress
and mammary tumorigenesis. Experiments in mouse models of cancer are identifying
aspects of tumor biology that may be regulated by hormones such as glucocorticoids
released during psychosocial stress. Our growing understanding of the actions of glucocor-
ticoids on breast tumors could lead to important changes in cancer treatment.

Psychosocial factors have long been suspected to have im-
portant effects on human health (1). Epidemiologic studies of
the relationships between breast cancer and psychosocial
stress, however, have produced maddeningly inconsistent re-
sults. Some studies indicate that depression and lack of social
support may be risk factors for breast cancer development and
progression (2, 3), whereas others report no link between social
stress and breast cancer incidence (4). A weakness common to
all of these studies is in not having measured individual phys-
iologic responses to stress. The hypothalamic-pituitary-adrenal
(HPA) axis, which stimulates the release of glucocorticoids and
epinephrine, is an important stress-activated system. The HPA
axis has become a focal point for understanding the effects of
stress on health because of its ability to affect a wide range of
physiologic processes, including immune function (5). In a nat-
ural context, activation of the HPA axis prepares an individual
to “fight or flee” from a challenging situation (6). The HPA
axis, however, could be chronically activated in the absence
of a natural challenge, and it has been proposed that many
of the deleterious effects of stress on human health may result
from this chronic activation (7). Psychosocial stress in the forms
of anxiety, depression, and interpersonal conflict could activate
the HPA axis, causing the release of glucocorticoids and
epinephrine.
It is becoming increasingly clear that individuals vary in

their physiologic responses to stressful situations (8). There-
fore, stressful life events are not universally translated into
physiologic signals that could affect cancer biology. This
may partially explain why epidemiologic studies examining
the association between stress and breast cancer have pro-

duced such heterogeneous results. Two general approaches
could help resolve the question of whether psychosocial
stress indeed affects physiologic processes regulating the de-
velopment and/or progression of cancer. First, epidemiologic
studies need to characterize individual variation in how stress-
ful life events translate into biological signals such as glucocor-
ticoids. Although individual differences in stress hormone
responses are not normally collected within large-scale epide-
miologic studies, itwill be difficult for the field tomove forward
without this critical information. Second, mechanistic studies
can test whether biological signals (such as glucocorticoids) ac-
tivated during stress regulate cancer biology.
The Conzen group is a leader in the study of how glucocor-

ticoids affect tumors. For example, this group showed that the
powerful synthetic glucocorticoid dexamethasone inhibits
chemotherapy-induced apoptosis in vitro (9). They also recent-
ly showed that dexamethasone increased the expression of
genes known to inhibit apoptosis in patients with ovarian can-
cer (10). In addition to suggesting that HPA activation might
influence tumor biology, these results are worrying because
dexamethasone is routinely administered as an antiemetic
during chemotherapy.
As reported in this issue of the journal (11), the Conzen

group (Williams et al.) now has used an integrative approach
in testing the connections between behavior and cancer, exam-
ining the effects of social isolation on mammary tumor growth
and gene expression in the FVB-Tg(C3[1]/SV40 T-antigen)
mouse model. Using a multidisciplinary approach, these in-
vestigators attempted to discover the physiologic and molec-
ular connections between psychological stress and cancer.
Although there has been much speculation that HPA activa-
tion can affect cancer biology, very few studies have estab-
lished a link with specific molecular mechanisms regulating
tumor initiation or progression. Identifying these molecular
mechanisms could lead to new therapeutic targets. Although
the authors' innovative approach provided potentially impor-
tant insights into the connections between social isolation and
molecular mechanisms of carcinogenesis, many related dots
remain to be connected in this model. A major advantage of
mouse models lies in the power to manipulate the environ-
ment, gene expression, and physiologic systems. It seems
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likely that studies implementing the approach used by
Williams et al. will go a long way towards resolving whether
psychosocial stress has an important effect on human breast
cancers.
Some previous studies have examined the relationship be-

tween psychosocial stress and metastatic cancers in rodent
models. The vast majority of these studies have used restraint,
often considered a “gold standard” in stress biology research.
In rodents, restraint produces repeatable, well-characterized
increases in glucocorticoid and epinephrine release that mimic
stress-induced neuroendocrine responses in humans. One re-
cent study showed that restraint-related stress increased the
expression of vascular endothelial growth factor and facilitat-
ed vascularization growth of human ovarian carcinoma cells
inoculated into nude mice (12). Furthermore, inhibition of the
β2-adrenergic receptor blocked these processes and slowed tu-
mor growth.
Although restraint-related stress has proved to be an impor-

tant experimental model, its ecologic significance is unclear. For
example, how does the experience of restraint in a mouse trans-
late to the human condition? In contrast, it seems intuitive that
social isolation in mice is related to the human condition, as so-
cial isolation is a risk factor for mortality from cancer and car-
diovascular disease (13). Most strains of mice, particularly
widely used FVB mice, are highly social and actively seek out
social interactions with other mice (14). The effects of social iso-
lation on physiology are less well defined compared with those
of restraint-related stress. It seems, however, that isolation-
related stress affects HPA function (15). Based on the present
results of Williams et al. (11), it also seems that social isolation
could have important effects on signaling pathways influenc-
ing tumor biology.
Williams et al. found that more and larger tumors devel-

oped in socially isolated FVB-Tg(C3[1]/SV40 T-antigen) mice
than in group-housed mice. Although the SV40 virus itself
is not believed to be involved in human breast cancers, the
T-antigens have provided important insights into mammary
gland differentiation and tumorigenesis (16). The large
T-antigen binds and functionally inactivates the p53 and
pRb tumor suppressor proteins (17), and creates an expres-
sion profile shared by some aggressive human breast cancers
(18). This makes the T-antigen a useful tool for studying
mammary tumorigenesis. The authors report that social iso-
lation did not increase C3(1) transgene expression and argue
that this observation supports the hypothesis that the C3(1)
promoter is not influenced by glucocorticoids. Further inves-
tigation of this matter is warranted, however, because this
study did not directly examine the effects of glucocorticoids
on transgene expression, and androgens have been shown to
regulate the activation of the C3(1) promoter (19). Although
not well documented in the mammary gland, many other
SV40 T-antigen mouse models express synaptophysin (20),
a marker of neuroendocrine tumors that are sensitive to
circulating hormones (21) such as glucocorticoids. Therefore,
glucocorticoids could be interacting with cells expressing the
SV40 T-antigen.
Based on their previous work linking dexamethasone and

apoptosis, Williams et al. hypothesized that socially isolated
mice would have increased glucocorticoids that in turn would
reduce apoptosis and increase proliferation in the tissue of
mammary intraepithelial neoplasia. They did not find, how-

ever, that social isolation affected apoptosis. SV40 T-antigen–
driven carcinomas develop quite rapidly, and this rapidity
may have limited the ability to detect an apoptosis effect.
The authors did detect the effects of housing conditions on tu-
mor size and onset. They showed that levels of corticosterone
(the predominant glucocorticoid in mice) were not different
between group-housed and isolated mice prior to mild,
short-term restraint. Following this restraint, however, cortico-
sterone secretion was elevated in isolated mice compared with
group-housed mice. The effect of social isolation was only de-
tected during mild restraint, suggesting that socially isolated
mice may experience exaggerated corticosterone responses to
relatively minor everyday stressors (such as cage changing).
These increased corticosterone responses in socially isolated
mice could have a cumulative effect on apoptosis or cell pro-
liferation, even though such changes were not detected in the
present study. The absence of differences in apoptosis could be
due to either the relatively fast onset of SV40 T-antigen tumors
or other mechanisms. For example, β-adrenergic receptors ac-
tivated during stress are known to promote angiogenesis in an
orthotopic mouse model of ovarian carcinoma (12). There is
also evidence that glucocorticoids can promote autophagy in
some cell types (22). Although autophagy is a form of cell
death, it seems that autophagy can promote the survival of
cancer cells in some cases (23). Future studies will be needed
to determine whether these mechanisms are affected by social
isolation.
The authors used microarray analyses to identify new path-

ways that might connect social isolation to the increased tu-
mor number and size they observed. They examined gene
expression in the mammary glands of mice 15 and 20 weeks
of age. More genes were down-regulated in socially isolated
versus group-housed mice aged 15 weeks. Of the up-regulated
genes in isolated mice, genes related to metabolism, including
three genes that are up-regulated inmetastatic breast cancer cell
lines, received the focus of attention. Using quantitative real-
time PCR, the authors showed that acetyl-CoA carboxylase-α
(Acaca), ATP citrate lyase (Acly), and hexokinase 2 (Hk2) were
up-regulated in mammary glands from isolated mice versus
from group-housed mice. Although intriguing, these results
are difficult to interpret mechanistically without knowing
how social isolation affects these genes' protein levels or how
their expression is regulated by stress-related hormones in this
mouse model. Future study also will be needed to determine
whether changes in gene expression occur in the epithelium,
adipocytes, or stromal cells.
The authors make a strong case, however, that these genes

could have an important role in influencing the effects of psy-
chosocial stress on mammary tumorigenesis. They note that
both Acly and Acaca are overexpressed in breast carcinoma
and that experimental knockdown of these genes inhibits the
survival and proliferation of cancer cell lines. In addition, these
genes are involved in fatty acid synthesis, which is up-regulated
in many types of cancer (24). In particular, expression of fatty
acid synthase is associatedwith a poor prognosis and resistance
to therapeutic drugs (25). In the fatty acid synthase pathway,
Acly produces citrate which is used by acetyl-CoA to produce
malonyl-CoA. Malonyl-CoA is a substrate used by fatty acid
synthase to produce palmitate and, eventually, fatty acids. The
authors note that knockdown of Acly expression suppresses
lung adenocarcinoma cell growth. Although some questions
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of exactly how social isolation affects the expression ofAcly and
Acaca remain unanswered, the present results of Williams et al.
suggest that future studies of fatty-acid synthesis in mice will
need to seriously consider how housing conditions might influ-
ence this pathway.
Further study is needed to determine the relative impor-

tance of the different components of the HPA axis. Although
corticosterone is a prime candidate mechanism linking experi-
ence to cancer biology, previous studies have shown that β-
adrenergic receptors play an important role in mediating the
effects of stress on ovarian carcinoma (12). It also would be
interesting to quantify the effects of routine animal husbandry
on the secretion of corticosterone and epinephrine and to as-
sess whether these responses are regulated by the social envi-
ronment. A more complete understanding of how these
hormones are secreted under different contexts could provide
important insights into how social isolation causes changes in
tumor growth. This information could also provide an inter-
esting comparison for human studies; for example, comparing
physiologic responses to more major stressful life events (e.g.,
divorce and foreclosure) with those elicited by lower-grade,
daily-life hassles (e.g., commuting and overscheduling). By
conducting parallel studies in rodents and humans, it might
be possible to correlate behavioral and physiologic responses
to different types of stressful events with specific changes in
tumor biology (e.g., apoptosis, angiogenesis, and metastasis).
Based on the variable relevant epidemiologic data (2–4),

skeptics might argue that results linking behavioral manipu-
lations such as social isolation to changes in tumor biology
in a mouse have limited relevance to human health. Too
much reliance on the epidemiologic data could be a mistake,
however, because they do not incorporate individual differ-
ences in physiologic stress responses that could introduce
variances in epidemiologic results. For example, recent stud-
ies showed that “resilient” individuals (those who adapt suc-
cessfully to acute stress) exhibit different neurobiological,
hormonal, and behavioral traits in the face of acute stress

compared with nonresilient individuals (8). Resilient indivi-
duals are more likely to deal with stressful life events with
proactive strategies such as problem solving than with reac-
tive strategies of avoidance or denial. More relevant to health
outcomes, resilient individuals are more likely to efficiently
terminate stress-induced HPA activation, thereby limiting ex-
posure to high levels of glucocorticoids (26). Proactive and
reactive (passive) coping strategies have been identified in
rodents, with reactive individuals showing increased avoid-
ance behavior or immobility in stressful situations (27). In
rats, it seems that proactive coping strategies reduce long-
term activation of the HPA axis, which could have important
health implications. Female rats are known to exhibit pro-
active and reactive strategies. Compared with proactive
females, reactive females showed reduced exploratory be-
havior and increased corticosterone secretion when exposed
to a large, complex novel cage (containing large objects, tun-
nels, et cetera). Reactive rats had shorter life spans and were
more likely to develop mammary tumors versus proactive
rats (28). These findings are similar to individual variations
in coping strategies reported for highly inbred mouse lines
such as C57Bl/6 (29).
Individual differences in stress-induced behavioral re-

sponses of both humans and animals are observed under
highly controlled laboratory environments, even in studies
of highly inbred mice. This suggests that detecting links be-
tween stress hormones and cancer biology within the genetic
and environmental heterogeneity of human populations will
be a substantial challenge. The article by the Conzen group
is an important step towards establishing the connections be-
tween behavioral interactions and molecular oncology, offer-
ing insight and alternate hypotheses that should stimulate
more mechanistic research in this important field.
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