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ndocrine  disrupting  chemicals�
The idea that xenobiotic chemicals could inappropriately mod-
late the endocrine system thereby causing detrimental effects

n wildlife and humans was first proposed 20 years ago at the
atershed Wingspread Conference [1,2]. These endocrine disrupt-

ng chemicals (EDCs) have long been controversial, with a great
eal of discussion raging in the scientific literature. Much of this
ontroversy has centered on the doses at which effects of EDCs
an be observed and whether these doses are likely to be encoun-
ered in vivo. Perhaps not surprisingly, there is a sharp division
f opinion among experts from academia (who are able to find
ignificant effects at low, environmentally relevant chemical con-
entrations) and industry (who appear unable to demonstrate
armful effects of EDCs at most any concentrations likely to be
ncountered); this debate continues unabated [3].  In 2009, the
ndocrine Society published a landmark Scientific Statement (the
rst in their history) outlining the scientific evidence supporting
he existence and detrimental effects of EDCs and underscoring
hem as a significant concern for public health [4].  This position
as been endorsed by the American Medical Association and the
onsensus of opinion in the scientific community is that more
ocused research is required to increase our understanding of the
ffects of EDCs. Many aspects of EDCs have been reviewed in recent
ears; therefore this special issue is focused on the latest devel-
pments concerning pathways, targets and mechanisms for EDC
ction, new insights into the effects of EDCs on key target tis-
ues or processes and on new insights into the effects of known
DCs.

In industrialized countries obesity and related metabolic dis-
ases have exploded into a global epidemic in the past 20 years.
xcessive consumption of unhealthy foods coupled with grow-
ng indolence are the generally accepted causes for obesity. The
nvironmental obesogen hypothesis proposes that exposure to cer-
ain EDCs during critical stages in development predisposes the
xposed individual to weight gain and obesity [5].  Obesogens are
hemicals that can influence obesity through a variety of potential
echanisms and pathways. Prime among these is the peroxi-

ome proliferator activated receptor gamma  (PPAR�)  pathway. The
inireview by Janesick and Blumberg highlights obesogens that

ct through PPAR� either directly, or indirectly [6].  An original

esearch report from the same laboratory demonstrates that the
besogen tributyltin chloride indeed exerts its adipogenic effects

� Article submitted for the special issue on Endocrine Disruptors.

960-0760/$ – see front matter ©  2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.jsbmb.2011.07.012
through PPAR�, a topic that had previously been controversial
[7].

Two  other EDCs that have been linked to obesity, among other
effects, are perfluorooctanoic acids (PFOA) and bisphenol A (BPA).
Perfluoroalkyl acids such as PFOA are ubiquitous in the envi-
ronment, found in human tissues and are known to be toxic in
animals and humans. The review by White et al., focuses on the
health effects of PFOA in animal models, identifying new mecha-
nisms of action during sensitive developmental periods [8].  This
is complemented with epidemiologic data suggesting that sim-
ilar outcomes might occur in humans. BPA is among the most
highly produced and controversial compounds worldwide. It has
broad-ranging health effects and can target multiple endocrine-
related pathways, in vivo. The review by Rubin discusses these
health effects, together with known and hypothesized mechanisms
of action [9].  An original research contribution by Durando et al.,
reveals that prenatal exposure to BPA promotes angiogenesis and
alters the endocrine environment of the mammary gland and could
play a role in establishing pre-neoplastic lesions found in these
animals [10].

While it is well-established that EDCs that activate the nuclear
estrogen receptors alpha and beta (ER�, ER�)  can have deleteri-
ous effects on humans and wildlife, an important recent advance
in endocrinology has been the realization that estrogens can have
non-genomic effects on gene expression via membrane bound
receptors and second messenger pathways. Thus, xenoestrogens
can act directly on gene expression via the nuclear ER� and ER�,  or
indirectly via multiple other cellular signaling pathways, some of
which can be activated quickly and at vanishingly low xenoestrogen
concentrations. The review by Watson et al., discusses how xenoe-
strogens act via non-genomic pathways and in particular how they
can act in nonmonotonic patterns to elicit effects at concentrations
far below those previously thought to be effective [11]. Next, Miya-
gawa and Iguchi review the mechanisms through which perinatal
exposure to xenoestrogens such as diethylstilbestrol lead to per-
sistent reproductive abnormalities by inappropriately stimulating
growth factor signaling pathways leading to ligand-independent
activation of the nuclear estrogen receptors [12]. This is followed by
an original research report from Moore and colleagues showing that
exposure to environmental contaminants leads to altered expres-
sion of TGF� superfamily signaling factors in the developing gonads

of the American alligator [13]. Their study reveals that exposure to
xenoestrogens in complex environmental mixtures can affect non-
steroidal signaling pathways. They suggest that such effects may
be more prevalent than previously recognized and EDC modulation

dx.doi.org/10.1016/j.jsbmb.2011.07.012
http://www.sciencedirect.com/science/journal/09600760
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f non-steroidal signaling pathways is an important, yet hitherto
verlooked research area [13].

Another EDC that has been controversial in the past is the her-
icide atrazine, which has been linked with feminization of male
onads in wildlife [14]. Hayes and colleagues address this con-
roversy by showing that atrazine demasculinizes male gonads
n fish, amphibians, reptiles and mammals [15]. They provide a
omprehensive review of possible mechanisms and suggest that
he most plausible and coherent possibility is that atrazine acts
y reducing androgen levels and inducing estrogen synthesis [15].
ontinuing on the topic of EDCs interfering with male reproduc-
ive health, the review by Luccio-Camelo and Prins discusses the
ole of EDCs as disruptors of signaling through the androgen recep-
or [16]. Their review focuses on those EDCs for which there is
n vivo evidence linking exposure with perturbations in male repro-
uctive tract development [16]. The subsequent review by Taylor
t al. focuses on the mechanisms through which xenoestrogens
uch as BPA act to perturb male reproductive tract development
17]. They highlight how BPA disrupts prostate development by
cting on mesenchymal stem cells to promote epithelial prolifer-
tion while inhibiting apoptosis at doses likely to be encountered,
n vivo [17].

The aryl hydrocarbon receptor (AhR) is a ligand modulated
ranscription factor (although not a member of the nuclear hor-

one receptor superfamily) that is an important mediator of the
ffects of dioxins and other planar, dioxin-like aryl hydrocar-
ons. The review by Wataru et al., summarizes what is known
bout the effects of dioxins on the AhR, focusing on newly
evealed mechanisms underlying the observed effects [18]. These
athways include misregulated AhR downstream targets such
s cyclooxygenase-2, Wnt/�-catenin signaling, and stimulation
f inflammatory cytokine receptors [18]. The next review by
htake et al., focuses on the interactions between estrogen and
hR signaling pathways [19]. It has long been known that AhR

nterferes with signaling through the estrogen and androgen sig-
aling pathways; although, the specific mechanisms were not
nderstood. This review summarizes newly identified molecu-

ar mechanisms linking the action of AhR and a ubiquitin ligase
ith its ability to cross-talk with the ER signaling pathway

19].
Although much has recently been discovered about the effects

f EDCs on humans and wildlife, there are still important gaps in
ur knowledge. For example, the relatively short time over which

 decline in reproductive function has occurred argues against a
enetic cause. The review by Woodruff highlights what is needed
o link epidemiologic studies with those in model organisms so
hat one can properly understand possible relationships between
DC exposure and health consequences [20]. The review by Muncke
rovides an important discussion of how EDC migration from food
ontact materials may  be playing a critical, yet unexplored role
n human exposure to EDCs [21]. As an example, the following
riginal article by Wagner and Oehlmann reveals that xenoestro-
enic activities migrate from commercially available bottled water
and presumably other beverage) containers using an E-screen [22].
astly, Schiliro and colleagues provide another original research
ontribution evaluating estrogenic activity in fruits and vegetables
sing a similar E-screen, showing that 59% of fruits and vegetables
how detectable xenoestrogenic activity [23]. Together, these con-
ributions make the important point that food, beverages and their
ackaging materials are important sources of human EDC exposure.

Endocrine disruptor research is a broad field that continues to
row. We  have tried in this special issue to provide an overview of

ey topics in this exciting, yet still emerging field. The initial main
ocus of the field on disturbances in ER function has been extended
o other hormones and targets, including membrane receptors,

etabolizing enzymes and signaling pathways. Future research

[
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will also need to consider disturbances in circadian and ultradian
rhythms of hormonal changes as well as epigenetic changes. There
is much left to be learned and we hope that this collection of articles
spurs future research in the field.

We thank all of the authors who have contributed their time
and expertise to this special issue and apologize that space limita-
tions prevented a comprehensive treatment of the entire field. We
also appreciate the many reviewers who evaluated the submitted
manuscripts and helped to ensure the overall quality of the special
issue. Lastly, we thank the editorial staff at Elsevier for their efforts
to facilitate production of this issue.
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