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Abstract

Polybrominated diphenyl ether(s) (PBDE) are ubiquitous environmental contaminants that bind
and cross the placenta but their effects on pregnancy outcome are unclear. It is possible that
environmental contaminants increase the risk of inflammation-mediated pregnancy complications
such as preterm birth by promoting a proinflammatory environment at the maternal-fetal interface.
We hypothesized that PBDE would reduce I1L-10 production and enhance the production of
proinflammatory cytokines associated with preterm labor/birth by placental explants. Second
trimester placental explants were cultured in either vehicle (control) or 2 M PBDE mixture of
congers 47, 99 and 100 for 72 h. Cultures were then stimulated with 108 CFU/ml heat-killed
Escherichia colifor a final 24 h incubation and conditioned medium was harvested for
quantification of cytokines and PGE,. COX-2 content and viability of the treated tissues were then
quantified by tissue ELISA and MTT reduction activity, respectively. PBDE pre-treatment
reduced £. coli-stimulated IL-10 production and significantly increased £. coli-stimulated IL-13
secretion. PBDE exposure also increased basal and bacteria-stimulated COX-2 expression. Basal,
but not bacteria-stimulated PGE,, was also enhanced by PBDE exposure. No effect of PBDE on
viability of the explants cultures was detected. In summary, pre-exposure of placental explants to
congers 47, 99, and 100 enhanced the placental proinflammatory response to infection. This may
increase the risk of infection-mediated preterm birth by lowering the threshold for bacteria to
stimulate a proinflammatory response(s).
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1. Introduction

Polybrominated diphenyl ether(s) (PBDE) have been used as additive flame retardants in a
variety of consumer products including textiles, plastics, electronics components and
polyurethane foam padding. Although these compounds may save lives by slowing the
spread of fires, they can leach out of the products (in which they are not chemically bound)
to become ubiquitous environmental pollutants. PBDE enter humans bodies through
inhalation or ingestion of household dust or contaminated food where they accumulate in
adipose tissues. Median half-life of these molecules in human adipose tissues is estimated to
be 1-3 years for the more common congers (28, 49, 47, 99, 100, 153, 154, 183) [1] and
PBDE levels in breast milk have been increasing in recent decades [2].

PBDE have previously been isolated from the human placenta [3], fetal membranes [4],
amniotic fluid [4], and umbilical cord blood [5]. Concentrations of PBDE in the placenta
correlate with environmental concentrations [6, 7]. Placentas from women who lived near an
electronics waste recycling site, where concentrations of PBDE are elevated, had over 19-
fold higher concentrations of PBDE than placentas from women at a reference site [6].
Perfusion studies suggest that PBDE may cross the the placental barrier and accumulate in
the cotyledons [7] but their effects on placental function is largely obscure. During normal
pregnancy, immunity at the maternal-fetal interface is tightly regulated to favor the survival
of the fetal allograft [8]. This is done in part by inhibiting proinflammatory cytokines but
promoting anti-inflammatory mediators [8]. Ascending bacterial infections can alter this
cytokine balance to favor production of proinflammatory cytokines some of which stimulate
the production of prostaglandins promoting cervical ripening and uterine contractions [8].

Two proinflammatory cytokines, IL-18and TNF-a, and one anti-inflammatory cytokine,
IL-10, appear to be of particular importance to the mechanism of infection mediated preterm
birth. Mice that are knock-out for IL-18and TNF-a are resistant to £. co/i-mediated preterm
birth [9]. Mice lacking IL-10 are more sensitive to LPS than wild-type animals [10] and
pharmacological administration of IL-10 to mice can prevent LPS-induced preterm birth
[11]. Human studies also suggest a pivotal role for these cytokines. Both IL-15and TNF-a
are increased in amniotic fluid samples collected from pregnancies that ended in preterm
birth [12, 13]. Placentas from babies born preterm also produce less IL-10 than those from
pregnancies that ended at term [14].

Recent studies have demonstrated that exposure to the environmental toxin 2,3,7,8-
tetrachlorodibenzo-p-dioxin (TCDD) reduces the sensitivity of pregnant mice to LPS-
induced preterm birth [15, 16] which is mediated through proinflammatory cytokines.
Whether or not PBDE, which share similar chemical structures, affect cytokine mileu at the
maternal-fetal interface is unclear. Therefore, we conducted a series of experiments to
evaluate the effects of PBDE exposure on cytokine production by placental explants.

2. MATERIALS AND METHODS

2.1. Materials

PBDE treatments consisted of a mix of BDE-47, BDE-99, and BDE-100 congers suspended
in DMSO (Accustandard, New Haven, CT). These congers were selected because they are
components of the DE-71 mixture that is used widely used to study the biological activities
of PBDE [17, 18, 19]. The concentration of each of these congers was 2 mM. For the
experimental studies, PBDE mix was diluted 1:1000 with culture media and added to the
cells to a final concentration of 2 M. At this concentration, PBDE-47 binds to the Aryl
hydrocarbon receptor and has biological effects [20, 21]. Heat-killed bacteria were prepared
as previously described [22]. E. coli strain J5 was purchased from ATCC (Manassas, VA)
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and cultivated in nutrient broth, concentrated by centrifugation and resuspended in culture
medium. Concentration of the bacteria was determined by setting up quantitative cultures
and organisms were heat-killed by heating at 75 °C for 1 hour. Preparations were aliquoted
and stored at —80 °C until use.

2.2. Placental explant cultures

All placental tissues used in the experiment were obtained with the prior approval from
Institutional Review Boards. Placental tissues were obtained from elective terminations of
pregnancy at 16—-23 weeks gestational age. Tissues were rinsed with PBS and blood clots,
membranes, and decidual lining were removed. Villus placenta was then isolated and
fragments were chopped at 10 micron increments using a Mcllwain tissue chopper for 3
passes (The Mickle Laboratory Engineering Co. LTD, Wood Dale, IL). Minced tissue was
washed with 30 ml Dulbecco’s Modified Eagle Medium DMEM (Irvine Scientific, Santa
Ana, CA) and weighed. Chopped placenta (0.20 g) was placed in 60 mm culture dishes
containing 3 ml of DMEM supplemented with 20% FBS (v/v) + 100 U/ml Penicillin + 100
pg/ml Streptomyecin. Cultures were incubated overnight at 37°C in a humidified atmosphere
of 5% CO,. Following 18 h of pre-incubation, 2 ml of the media were replaced and PBDE
mixture was added to the appropriate dishes to the final concentration of 2 M and
incubated for another 72 h. Initial experiments with other environmental toxins suggested
that exposure for 72 h at a minimum is required to detect biological effects on cytokines
produced in this model system [23]. Heat-killed £. co/i (108 CFU/ml final concentration) or
an equivalent volume of sterile culture medium was added and the cultures incubated for a
final 24 h. Conditioned medium was then collected and stored at —80 °C until assay. Tissues
were either frozen at —80 °C for COX-2 quantification or used immediately for viability
testing as described below.

2.3. Immunoassays

Concentrations of IL-18, TNF-a, and IL-10 in conditioned medium were analyzed by
ELISA using reagents purchased from eBioscience lab, Inc (Hercules, CA). In addition,
tissue content of COX-2 and PGE; production was quantified. PGE, was measured using
Luminex™ EIA kits (Cayman Chemical, Ann Arbor, MI) and analyzed on a BioPlex 200
bead array analyzer (Bio Rad, Hercules, CA). COX-2 expression was quantified in cell
lysates using COX-2 ELISA kit (Enzo Life Sciences, Plymouth Meeting, PA).

2.4. Viability assays

Relative viability of the explant cultures was evaluated using 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyl tetrazolium bromide (MTT; Sigma, St. Louis, MO) to quantify
mitochondrial dehydrogenase activity. 0.1 g of minced placenta tissues was cultured in 2 ml
DMEM media and tissues were exposed to PBDE as described above. After 4 days
incubation, MTT (0.5 mg/ml in PBS) was added and tissues were incubated for 1 hr to allow
for for crystal formation. Crystals were extracted from the tissues with 10 ml of iso-propanol
and absorbance was measured at 562 nm.

2.5. Statistical analysis

Data were analyzed using mixed linear effects models using the Imer package of R
(www..r-project.org). Effects due to bacterial stimulation and PBDE treatment were
considered fixed and effects due to placental donor were considered random. Models were
checked for fit using likelihood ratio tests to determine if separate slopes and intercepts for
each patient were required or if separate intercepts alone would suffice. Residuals of the
fitted models were evaluated for normality and homogeneity. When violations of these
assumptions were detected, data were log-transformed for hypothesis testing (estimating P-
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values). Potential differences between individual treatments were evaluated with pre-
planned contrasts using the esticon function of the doBy package. Data are presented as
fitted means £ SEM and contrasts £95% confidence intervals. Differences where P < 0.05
were considered statistically significant.

As expected, £. colistimulated 1L-14 production (P<0.001). Although PBDE treatment had
no detectable effect on IL-18 production in the absence of infection (Figure 1, P=0.431),
pre-exposure to PBDE augmented £. colf-stimulated IL-13 production (P=0.040). Although
E. coliinfection significantly stimulated TNF-a production (Figure 2, P<0.001), PBDE pre-
treatment had no detectable effect on basal (P=0.808) or £. coli-stimulated (P=0.302) TNF-
a production. 1L-10 production was also increased by £. colitreatment, confirming the
activity of the bacterial preparation (Figure 3; P<0.001), Although IL-10 was unaffected by
PBDE pre-treatment for unstimulated placental explants (P=0.188), PBDE pretreatment
significantly reduced (by ~180 pg/ml) for E. coli-stimulated cultures (Figure 3; P<0.001).

E. colisignificantly increased COX-2 levels in the placental tissues (Figure 4; P<0.001).
Exposure of the explants to PBDE mixture for 72 h significantly increased basal (P=0.002)
and E. coli-stimulated COX-2 expression (P=0.047). As shown in Figure 5, PBDE
significantly increased PGE, secretion by unstimulated placental explants (P=0.021).
Although, E. colitreatment increased PGE, production (P<0.001), PBDE pretreatment did
not augment £. coli-stimulated PGE, production. No effects of PBDE were detected on
MTT activity (Table 1).

4. Discussion

Our studies suggest that PBDE exposure may alter the production cytokines that have key
roles in the pathophysiology of preterm birth. We found that PBDE enhanced bacteria-
stimulated IL-14 production as well as inhibited bacteria-stimulated production of the anti-
inflammatory cytokine 1L-10. Much of what is known about the mechanism of infection-
mediated preterm birth centers on the reciprocal actions of these two cytokines. IL-18
activates the parturition mechanism by enhancing the production of COX-2, prostaglandins,
and matrix metalloproteinases whereas I1L-10 favors continuation of pregnancy by inhibiting
IL-13[8]. It is possible that PBDE exposure lowers the threshold for bacteria to induce
preterm birth by promoting IL-14 production but inhibiting IL-10 production.

Many of the effects of IL-15 are mediated through COX-2 which makes the prostaglandins
PGE, and PGF,, that stimulate the uterine contractions associated with labor. In our study,
PBDE exposure enhanced COX-2 and PGE, production by unstimulated cultures. This may
be independent of IL-18, however, since no effect of PBDE on IL-14 production was
observed in the absence of bacterial stimulation. Further studies are needed to determine if
PBDE reduce the production of IL-1ra which could increase the biological activity of
endogenous IL-14 levels. Alternatively PBDE may enhance the IL-1 receptor expression or
its signal transduction pathways to enhance COX-2 and PGE; production. Increased COX-2
and PGE, expression in the placenta may also increase susceptibility of women to bacterial
infections by stimulating premature cervical ripening-a common cause of preterm birth.

Despite the ubiquitous exposure of pregnant women to PBDE as evidenced by their
detection in placenta [3], placental membranes [4], amniotic fluid [24] and breast milk[2],
their effects on pregnancy have not been widely studied. Our results are consistent with a
recent report by Miller who found no effect of PBDE congers —47, or =153 on basal IL-18
production by extraplacental fetal membranes [4]. Miller however, only used LPS as a
positive control and did not evaluate the effects of PBDE on bacteria-stimulated cytokine
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production as we did in the present study [4]. Our results are consistent with other results
from our lab where we used this same culture system to evaluate how TCDD may affect
basal and bacteria-stimulated cytokine production by placental explants [23]. We found that
TCDD increased basal and bacteria-stimulated PGE, production [23]. Although no effect of
TCDD on basal TNF-a, IL-18or IL-10 production was detected, TCDD significantly
enhanced E. coli-stimulated TNF-a production, inhibited £. co/i-stimulated IL-10
production and had no effect on bacteria stimulated IL-13 production [23]. This differs
slightly from our results where PBDE enhanced IL-1 production but had no effect on TNF-
a production.

The mechanism by which PBDE may alter cytokine production is unclear. Due to the
structural similarity with PCB-like molecules, interactions of PBDE with the Aryl
hydrocarbon receptor (AhR) and its signal transduction pathway have been studied [25, 20].
The most environmentally relevant PBDE (congers 47 and 99) that were used in our
mixture, however, are only weak agonists to the AhR [25] but did antagonize TCDD signal
transduction by competitive inhibition [20, 21].

Like PCBs, PBDE also have structural similarity to the thyroid hormones and may interact
with the thyroid receptor [26]. Administration of PBDE commercial mix, DE-71, to
pregnant rats resulted in a 44% reduction in maternal thyroxine levels at gestational day 20
[27]. Recent studies, have demonstrated that pregnant women with increased blood levels of
PBDE (evaluated at 27 weeks gestation) are at significantly increased risk for subclinical
hypothyroidism [28]. Anather study found that pregnant women living near a recycling plant
have increased blood levels of PBDE’s at 16 weeks gestation and lower plasma total T4 and
TSH concentrations [29].

The placenta expresses thyroid receptors [30, 31, 32, 33, 34] and it is possible that disruption
of thyroxine hormone signaling by PBDE could result in an enhanced inflammatory
response by fewer numbers of microorganisms that can trigger preterm labor. Macrophages
of hypothyroid rats have enhanced IL-1/ expression in response to streptococcal wall
protein than thyroid controls [35]. This enhanced inflammatory response in hypothyroid rats
was ameliorated by thyroxine [35]. Women with subclinical hypothyroidism or anti-
thyroglobulin auto-antibodies were at 2- to 3-fold increased risk for early preterm birth than
normal women [36, 37]. Further studies are needed to determine if the results observed in
the present study are mediated through disruption of the thyroid hormones and to clarify the
role of infection and inflammation in preterm birth in women with subclinical
hypothyroidism.

Our study has a number of strengths. First, we used second-trimester placentas which are
presumably from normal pregnancies at 16—-23 weeks gestation. This is during the time
when the detrimental effects that ultimately result in preterm birth are likely to occur. Use of
placental explants in lieu of primary trophoblast cultures eliminates the possibility that tissue
processing could affect the results. It also enables us to study the total effect of many
different cell types at the maternal-fetal interface on cytokine production while maintaining
some of the 3-dimensional tissue architecture of the tissues. Application of all the treatments
to placental cultures derived from tissues from the same patient allows us to control for
patient-to-patient variability in the measured outcomes to the best extent possible. Any
unmeasured interactions between treatments applied to the culture and a subgroup of
patients (for example, if PBDE are more effective at enhancing inflammation in African-
American women than Caucasians) would tend to bias results towards the null.

Our findings are not without limitations, however. We are using discarded tissues from
women having a controversial obstetrical procedure. Therefore, we are unable to collect
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detailed information about the patients with regard to their demographics, medical history,
reason for seeking termination, or use tobacco or alcohol out of respect for their privacy.
Patients having elective abortions may be more likely to be younger, unmarried, use
recreational drugs, smoke or consume alcohol than the general obstetrical population.
Another limitation is that we are also unable to evaluate basal levels of PBDE in the tissues
used for this experiment. Adipose tissue concentrations of PBDE in people in New York
City, where the tissues were collected, were reported to be approximately 10-100 times
higher than they are in Europe [38]. Our findings are also limited by the congers used for
this study. We used a mixture of congers PBDE-47, PBDE-99, and PBDE-100 that are the
major congers in breast milk in the northeastern United States [39] and comprise the DE-71
mixture that is widely used to study the biological effects of PBDE [17, 18, 19]. Other
congers may have different effects on placental cytokine production. Although the
concentrations of PBDE used in this study are typical of those used for other /in vitro
experiments [25, 20, 21], they are approximately 1000-fold greater than levels reported for
human placental samples [3]. Tissue uptake of PBDE is likely to be inefficient since the
placenta contains little fat and is a product of PBDE concentration and time of exposure.
Therefore, high concentrations of PBDE are needed to compensate the limited time of
exposure to them in our cell culture system. This may explain, in part, why previous studies
did not find any effects of PBDE exposure on placental function [4].

In summary, pre-exposure to PBDE shifted placental cytokine production to a more
proinflammatory phenotype. This may increase the risk of preterm birth by lowering the
threshold for bacteria to induce a detrimental inflammatory response. Further studies with
animal models are necessary to determine if the effects observed in our culture system are
present /n vivo and if PBDE exposure can alter pregnancy outcome.
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Figure 1.

Effect of Polybromated diphenyl ethers (PBDE) on basal and bacteria-stimulated IL-13
cytokine production by placental explant cultures from 10 different women. Shown are fitted
means + S.E.M. (Panel A) and preplanned comparisons (fold difference + 95% confidence
interval) between between individual treatments (Panel B). Contrasts where the 95%
confidence intervals cross 1.0 (dotted vertical line) are not statistically significant.
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Figure 2.

Effect of Polybromated diphenyl ethers (PBDE) on basal and bacteria-stimulated TNF-a
production by placental explant cultures using tissues from 10 different women. Shown are
fitted means = S.E.M. (Panel A) and preplanned comparisons (fold difference £ 95%
confidence interval) between between individual treatments (Panel B). Contrasts where the
95% confidence intervals cross 1.0 (dotted vertical line) are not statistically significant.
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Figure 3.
Effect of Polybromated diphenyl ethers (PBDE) on basal and £. coli-stimulated IL-10

production by placental explant cultures from 10 different women. Shown are fitted means +
S.E.M. (Panel A) and preplanned comparisons (difference in cytokine production £ 95%
confidence interval) between between individual treatments (Panel B). Contrasts where the
95% confidence intervals cross 0 (dotted vertical line) are not statistically significant.
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Figure 4.

Effect of Polybromated diphenyl ethers (PBDE) on placental COX-2 content. Shown are
fitted means + S.E.M. (Panel A) and contrasts (fold-difference + 95% confidence interval)
between individual treatments (Panel B) for experiments using tissues from 9 different
women. Contrasts where the 95% confidence intervals cross 0 (dotted vertical line) are not
statistically significant.
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Figure5.

Effect of Polybromated diphenyl ethers (PBDE) on basal and bacteria stimulated PGE,
production for experiments performed on tissues harvested from 6 different women. Shown
are fitted means £ S.E.M. (Panel A) and pre-planned contrasts ( 95% confidence interval)
between individual treatments. Contrasts where the 95 % confidence interval crosses unity
are not statistically significant

Placenta. Author manuscript; available in PMC 2013 September 01.



1duasnuey Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

Peltier et al.

Table 1

Effect of PBDE on viability of placental explant cultures. Shown are least-square means + SEM for
experiments performed on placental tissues from 5 different women.

Treatment As70-690 P-value

Control{ 0.621+0.066  Reference
Vehicle? 0.631+0.066 0.918

1M PBDE  0.630+0.066 0.636
2 uMPBDE  .619+0.066 0.637

'ZCuIture medium (DMEM + 20% fetal bovine serum + 100 U/ml Penicillin + 100 ug/ml Streptomycin)

20.1% DMSO (v/v) in culture medium
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