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ABSTRACT Earlier, we have reported that Polychlorinated Biphenyls (PCBs) exposure in Slovak population has made
differential gene expression that has linked to the possibilities of some diseases and disorder development in the studied population.
Here we report that down-regulation of LEPR (Leptin receptor) gene in the 45-month children may have been following
consequences in developing obesity later in life. A pilot high-throughput qRT-PCR [Taqman Low Density Array (TLDA)]
study in a small population also corroborated the gene-expression results, and their pathways underlying the consequences of
the diseases, amid further detailed large-scale population validation. The study shows the opportunity of predicting long-term
effects of chemical exposures using selected genomic classifiers may reflect exposure effect and risk from environmental toxicants.
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INTRODUCTION

In utero exposure of the fetus to a chemical
stressor can lead to disease in later life. Over
the last several decades, the prevalence of obe-
sity has raised sharply in most countries world-
wide (Yach et al. 2006). However, there is
emerging evidence that low-dose exposure to
various industrial chemicals, known or pre-
sumed to disrupt endocrine systems and fre-
quently termed endocrine disrupting chemicals
(ECDs), may also be an important contributor
to the obesity epidemic (Grun and Blumberg
2009; Newbold et al. 2009). There is growing
evidence that perturbations of central endocrine
regulatory systems by the endocrine disrupting
chemicals (for example, dioxins, PCBs, orga-
nochlorine pesticides, etc.) established in early
gestation may contribute to the development of
obesity in later life (Dirinck et al. 2011). Al-
though PCBs have not been produced commer-
cially since 1977, in the US, they can be de-
tected in human blood and tissues even today. It
is still a persistent problem causing deleterious

health effects, especially in Eastern Europe,
China, and worldwide. The emerging hypoth-
esis based on data from animal and human epi-
demiological studies on several chemicals states
that the obesity epidemic could be due to chemi-
cal exposures during vulnerable windows of de-
velopment, mainly in utero and the first few
years of life. Among them, polychlorinated bi-
phenyls (PCBs) may be particularly interesting,
because low dose exposure to PCBs was linked
to type 2 diabetes, insulin resistance, and meta-
bolic syndrome, in all of which obesity is be-
lieved to play a critical role (Philibert et al. 2009;
Arrebola et al. 2010; Lee at al. 2012).

In the eastern Slovakia, region of Michal-
ovce, improper disposal from the Chemko plant
via release of effluent directly into the Laborec
River resulted in the long-term contamination
of water sediment (Kocan et al. 2001). Several
surveys in eastern Slovakia found high levels of
PCBs and dioxins in the locally produced food
(Chovancova et al. 2005; Sonneborn et al. 2008).
In the late 1980’s, concentrations in breast milk
in the Michalovce district averaged 4.0-4.4 mg/
kg lipids (Hertzman 1995). Sum of 15 PCB con-
geners was 3105 ng/g of lipid in subjects from
Michalovce district versus 871 ng/g of lipid for
subjects from the background districts of Svidnik
and Stropkov. Relatively high PCB concentra-
tion in children from the Michalovce district,
sum PCB = 766 ng/g of lipid versus 372 ng/g of
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lipid in children from background area, suggests
ongoing exposure from environmental reservoirs
and contaminated food (Petrik et al. 2006). Sev-
eral studies have shown a positive association
between diabetes and biomarkers of organochlo-
rine (OC) exposure, including several polychlo-
rinated biphenyls (PCB) congeners and chlori-
nated pesticides (Dirinck et al. 2011; Alonso-
Magdalena et al. 2011). Published studies have
also evidenced that PCB impacted heavily on
the exposed Slovak population regarding thy-
roid disruption (Langer et al. 2009), and diabe-
tes Ukropec et al. 2010). Our pioneering recent
gene expression studies with Slovak exposed
population, as well as in human PBMC in vitro
model (Ghosh et al. 2011) have successfully re-
vealed the incidences of disease and disorder
development that are in accord with various re-
ported epidemiological studies on PCB expo-
sure (Mitra et al. 2012; Dutta et al. 2012). The
results indicated the involvement of biochemi-
cal and disease pathways, which are already re-
ported in pathophysiological conditions related
to PCB exposure in epidemiological studies, and
some of the signature gene/genes in the panel
(pathways) can act as signature biomarkers of
PCB exposures (Dutta et al. 2008; Mitra et al.
2012; Dutta et al. 2012).

A new paradigm has evolved in recent years,
which stems from the idea that environmental
factors in early life and in utero can have pro-
found influences on lifelong health (for example,
the fetal basis of adult disease, Oken and
Gillman 2003). Considerable epidemiological,
experimental and clinical data have amassed
that the risk of developing disease in later life
is dependent upon early life conditions. Recent
evidence from many laboratories has shown that
a variety of environmental endocrine disrupt-
ing chemicals (commonly termed as “Obeso-
gens”) can influence adipogenesis and obesity.
Obesogens can be defined functionally as chemi-
cal agents that inappropriately regulate and pro-
mote lipid accumulation and adipogenesis (Grun
and Blumberg 2009). PCBs are major chemical
compounds among Persistent Organic Pollut-
ants (POPs) that are presently considered to be
major endocrine/metabolic disruptors (Casals-
Casas and Desvergne 2011). Increasing evidence
suggests that the commonly held causes of obe-
sity, which are over-eating, inactivity and ge-
netic pre-disposition, do not fully explain the
current obesity epidemic. Interestingly, the pro-

duction and use of synthetic chemicals have in-
creased dramatically, in parallel with growing
obesity, and it has been suggested that EDCs
may play a key role in obesity development by
altering physiological control mechanisms
(Tang-Peronard et al. 2011). Leptin receptor also
known as LEP-R is a protein that in humans is
encoded by the LEPR gene. LEP-R functions as
a receptor for the fat cell-specific hormone
leptin. The protein encoded by this gene belongs
to the gp130 family of cytokine receptors that
are known to stimulate gene transcription via
activation of cytosolic STAT proteins (Bailleul
et al. 1997). This adipokineleptin has received
significant interest as a potential programming
factor; alterations in the profile of leptin in early
life are associated with altered susceptibility to
obesity and metabolic disorders in adulthood.
Maintenance of a critical leptin level during
early development facilitates the normal matu-
ration of tissues and signaling pathways in-
volved in metabolic homeostasis (Vickers et al.
2012). In advent of the obesity as serious health
concern around the world, the investigation on
this gene function in developing obesity is be-
coming more and more important.

MATERIAL AND METHODS

The gene expression studies on the selected
subjects who had attained 45-months of age,
from an existing mother-child cohort (see
details about recruitment and characterization
of the cohort described in Park et al. 2010) were
conducted over Affymetrix platform using
Human Genome U133 Plus 2.0 Array, and were
analyzed by Partek® Genomics Suite™. Inge-
nuity Pathway Analysis (IPA) software was
employed to evaluate the functional association
of the genes and their pathways in the treated
groups, underlying the consequences of devel-
oping diseases (see Ghosh et al. 2011; Dutta et
al. 2012 for details). High-throughput qRT-PCR
(TLDA) was done on ABI platform to further
validate LEPR, through a small population
(n=72; with high PCBs-exposure) for the LEPR
gene expression level status. Briefly, for the
present study, the TLDA card was configured
into respective gene set (triplicate per assay).
The TLDA array card also contained two
endogenous control genes, GAPDH and 18s
RNA. The RNAs were synthesized with the
cDNA (5 µL) and was mixed with 45 mL of
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H
2
O and 50 µL of 2x TaqMan Universal PCR

Mix (Applied Biosystems, Foster City, CA).
Each sample (100 µL) was loaded into a port
of the micro-fluid card, centrifuged (for 2
minutes twice with swing rotor), and run on an
ABI Fast 7900HT System (ABI, CA) for 2 min
at 50°C, 10 min at 94.5°C, followed by 40 cycles
for 30 sec. at 97°C and 1 min at 59.7°C. Data
analysis was done through SDS RQ Manager,
1.2.1.

RESULTS AND DISCUSSION

Our gene expression analysis revealed the
down-regulation of LEPR gene (-2.79; p <0.05)
in the studied population. The IPA analysis of
the gene list from the differential gene expres-
sion of Slovak population identified the connec-
tivity of important genes in their respective path-
ways leading to major disease and disorders (for
example, Cardiovascular, Obesity, Diabetes,
Cancers, Neurobehavioral deficits, etc.). The
study also showed that there is significant asso-
ciation of LEPR (major molecule in Bio-func-
tions) with the involvement of Leptin Signaling
in Obesity as the preeminent canonical path-
ways, with the genes in networks. The Endo-
crine System Disorders in disease and disorders
conditions through IPA analysis (Threshold >
1.5) have shown notable expression having a
major impact in developing toxicities by alter-
ing cellular and molecular functions in these
PCBs-exposed subjects. The high throughput
qRT-PCR validation of LEPR gene also corrobo-
rated the gene expression study, where similar
down-regulation of the gene is observed in most
of the subjects (70.8%, 51 out of 72) with high-
PCB exposure (Fig. 1). This TLDA allowed us
for simultaneous testing of gene transcript in
micro-fluidic card format with reproducibility,
analyzing the gene expressions, confirming the
ability of PCBs to alter the expression of genes
identified initially by cDNA microarray.

The organohalogen exposure scenario in east-
ern Slovakia is world-wide unique by its extent
and numerous exposed subjects. On the other
hand, it gives us a tremendous opportunity to
study concentration-effect relationship for a
broad spectrum of health outcomes. The PCB
blood concentrations in the area of the current
studies exceed the concentrations of PCBs ob-
served in other comparable cohorts in various
parts of the world (Faroe, North Quebec,

Anniston) (Govarts et al. 2012; Hertz-Picciotto
et al. 2003). Several epidemiological investiga-
tions, performed earlier with the same cohort,
have indicated that PCBs impacted heavily on
the exposed Slovak population, regarding en-
docrine disruption (Langer et al. 2009), and
prevalence of prediabetes and diabetes in a dose-
dependent manner (Ukropec et al. 2010). Our
previous gene-expression analysis have clearly
showed that discreet gene sets/pathways that can
serve as “molecular signatures” can be used as
a biomarker of a biological endpoint with an
involvement of such disease and disorder pro-
gression in PCB exposed population (Dutta et
al. 2012; Mitra et al. 2012; Ghosh et al. 2012).

In this study, the down-regulation LEPR gene
is becoming more relevant as the decrease of
leptin receptor gene may perturb the normal
function of leptin and suggests decreased ac-
tion of leptin. Particularly, with the children who
had experienced high pre- and postnatal PCBs
exposure, the alterations in the profile of leptin
in early life may be associated with altered sus-
ceptibility to obesity and metabolic disorders in
adulthood. The epidemia also suggests that the
origin of the disease may occur during fetal de-
velopment and early life with the concept of
“developmental programming” and recent re-
search indicate that the adipokine leptin plays a
critical role in this programming, supported by
experimental studies in animal models and nu-
merous epidemiological data (Djiane and Attig
2008). Specially, maintenance of a critical leptin
level during early development facilitates the
normal maturation of tissues and signaling path-
ways involved in metabolic homeostasis (Vickers
et al. 2012), and the variations in the leptin re-
ceptor with the obesity have also been indicated,
where leptin-receptor polymorphisms relate to
obesity through blunted leptin-mediated sym-
pathetic nerve activation in a Caucasian male
population (Masuo et al. 2008). It is to be noted
that the heritable changes in gene expression or
cellular phenotypes caused by changes in DNA
sequence (epigenetic) might have played an
important role to the changes in gene expres-
sion undergone by adipose tissue during obe-
sity. Importantly, epigenetic marks may be re-
programmed in response to both stochastic and
environmental stimuli, such as changes in diet
and the in utero environment (Jaenisch and Bird
2003). Our study also corroborates the other
epidemiological findings, where a recent pro-
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Fig. 1. Quantitative Real-time PCR (qRT-PCR) validation of the LEPR genes by Taqman Low Density Array (TLDA) in ABI platform (7900HT Fast Real-Time PCR
System) after analysis by SDS RQ Manager Version 1.2.1. The relative quantification is calculated in contrast to calibrator samples, i.e.; the subjects with no /or
background PCBs exposures in the population studies. The data are attenuated automatically and the reflection of triplicate observation already seated within the
TLDA plates. This study represents that this high-throughput biomarker-based method will be capable of identifying high-risk individuals with specificity & selec-
tivity, through therapeutically relevant genomic classifiers, as a measure of biological responses to environmental stressors.
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spective study (Lee et al. 2011) among young
adults reported that low dose exposure to p, p⊥ -
DDE (a persistent lipophilic metabolite of DDT),
p, p⊥ -DDT, and PCBs with more chlorine at-
oms predicted future body mass index (BMI).
In a recent prospective investigation of the vas-
culature in Uppsala seniors (PIVUS) study us-
ing both a cross-sectional and a prospective ap-
proach, demonstrated that the less chlorinated
PCBs, some OC pesticides including p, p⊥ -
DDE, and dioxin showed an increased risk of
abdominal obesity (Lee at al. 2012). This has
also been reflected while investigating the cord
blood PCB and DDE concentrations which were
associated with increased BMI or change in BMI
from ages 1 to 3 years in a Belgian prospective
study (Verhulst et al. 2009). In a cross-sectional
study of adolescents, 3 serum PCB congeners
(138, 153, and 180) were associated with de-
creased BMI but a fourth (118) was positively
associated with BMI among 14- and 15-year olds
(Meeker 2012). Our study also ascertains the
fact that high PCBs exposure is linked with the
development of obesity in the developing chil-
dren, and might find a link that environmental
chemical exposures during development (or
other windows of sensitivity) can lead to weight
gain, altered glucose/insulin sensitivity and al-
tered lipid metabolism that led to the develop-
ment of obesity, where over-eating, inactivity
and genetic pre-disposition, do not fully explain
the current obesity epidemic. It is anticipated
that the most sensitive time for exposures to af-
fect the disease outcomes will be during devel-
opment, for example, in utero and/or neonatal
or early childhood.

Given the premises that the relevant gene
information and the pathways (genes in panel)
are predictive for the respective disease path-
ways’ process, the results we stated above do
show promise that large-scale evaluation of
changes in gene expression using microarrays,
combined with a primary validation through
high-throughput TLDA, may become an useful
tool for toxicity evaluation, biomarker valida-
tion, and will empower us to study the process
of development of diseases and aid to our un-
derstanding the potential health risk of PCBs.
We will be able to identify all related genes that
are significant at the specific pathway level lead-
ing to diseases, before the clinical symptoms
arise amid downstream application to measure
the biological responses to environmental stres-

sors. Obesity is notoriously difficult to treat,
however, the present investigation provides a
possible clue to the exposure response to the eti-
ology of obesity, and could be a hint which is
critical to developing primary prevention strat-
egies. The optimistic view is that if the chemi-
cals that seem to be related to the obesity epi-
demic are removed from products which are the
primary contributors to human exposures, there
would be reason to hope that the current trend
of increasing obesity epidemic worldwide can
be controlled, even reversed.
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