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Background: Several efflux and uptake transporters in the placenta are involved in the transmembrane transport
of endogenous substrates and xenobiotics. Their expression and functionmay be altered inmaternal complications
associated with inflammation. Our objective was to examine the effect of chorioamnionitis, a bacterial
intra-amniotic infection on the expression of clinically important transporters in human placenta.
Methods: Human placental samples were collected from preterm and term pregnancies diagnosed with
chorioamnionitis infection and were gestational age-matched with samples from pregnancies with no
obstetric complications, using predefined exclusion criteria. Transporter protein expression was quantified
using Western blots while cytokine and transporter mRNA expression was measured via real-time poly-
merase chain reaction.
Results: mRNA levels of pro-inflammatory cytokines IL-6, IL-1β and TNF-α were markedly elevated by 2.5- to
3-fold in preterm placentas with infection, relative to preterm controls (p b 0.05). Expression of ABCG2 and
SLCO2B1 was downregulated by 48 to 57% (p b 0.05) in placentas from women with infection and preterm
parturition, relative to pretermhealthy controls. Protein andmRNAexpression changeswere generally consistent.
At term, ABCG2 mRNA and SLCO2B1 protein expression levels were significantly downregulated, relative to
controls. Significant changes in ABCB1 and SLCO4A1 expression were not observed, however ABCB1 transcript
levels strongly correlated with IL-6, IL-1β and TNF-α expression (p b 0.001), potentially suggesting involvement
of cytokine-mediated regulation.
Conclusions: Collectively, these data show thatmaternal infections impact the expression of key drug transporters
in placenta, suggesting that materno-fetal drug transport may be altered by changes in placental expression of
ABC and OATP transporters.

Crown Copyright © 2015 Published by Elsevier B.V. All rights reserved.

1. Introduction

During intrauterine life, the placenta is involved in nutrient up-
take and serves as a barrier against potentially harmful substances.
Several ATP-binding-cassette (ABC) efflux transporters as well as
solute carrier (SLC) uptake transporters are highly expressed in the
syncytiotrophoblast layer of the placenta and are believed to control
fetal exposure to numerous endogenous and exogenous substances.
These transporters are involved in the transport of a wide variety of

chemically diverse substrates, ranging from bulky lipophilic drugs and
toxins to organic anions, carbohydrates, and bile acids [1]. Previous
studies in animal models and cell lines demonstrated that pro-
inflammatory cytokines and inflammatory conditions can alter the
expression of ABC andOATP transporters (reviewed in [2–4]). However,
the potential impact of maternal inflammation on placental drug trans-
port and fetal exposure has only recently gained attention.

The ABC efflux transporters, multidrug resistance protein 1 (MDR1;
ABCB1; P-glycoprotein) and breast cancer resistance protein (BCRP;
ABCG2) are of particular importance in regard to fetal drug exposure
since they are abundantly expressed in the placenta and have been
implicated in limiting theplacental transport ofmany clinically important
drugs (reviewed in [5,6]). Relative to other tissues, the basal expression
of ABCG2 is highest in the placenta [7]; it is also the most highly ex-
pressed ABC transporter in this tissue, implying its functional import-
ance [8]. Both ABCG2 and ABCB1 are localized in the apical surface of
syncytiotrophoblasts functioning as a protective mechanism for the
fetus by actively removing substrates passing from maternal circulation
and clearing endogenous substrates entering from the fetal circulation
[9,10].
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The placenta is also involved in the transport of steroid and thyroid
hormones, which are necessary for maintaining pregnancy and for
normal fetal development. In the placenta, the organic anion trans-
porting polypeptide (OATP) 2B1 (SLCO2B1) mediates the basolateral
uptake of sulfated steroid conjugates [11] such as the estrogen precur-
sor, dehydroepiandrosterone sulfate (DHEAS) and estrone 3 sulfate
metabolite. Apically expressed OATP4A1 (SLCO4A1) mediates the
placental uptake of thyroid hormones essential for normal fetal growth
and neurodevelopment [12]. SLCO4A1 and SLCO2B1 and are two of the
most highly expressed OATPs found in human placenta, yet very little
information exists regarding their placental regulation [7]. These
two OATP family members are also involved in the transport of several
clinically relevant drugs [1].

Inflammatory effects on the expression of transporters in placenta
have been investigated in animal models. Studies in endotoxin-treated
pregnant rodents reported inflammation-mediated decreases in the
placental expression of several ABC and OATP transporters, with corre-
sponding changes in their activity and evidence of altered fetal drug
exposure [13–15]. However, data on the effect of inflammation and
infection on drug transport in pregnant women is limited, even though
many prevalent obstetric complications are associated with an inflam-
matory response. For example, infections are known to result in highly
elevated levels of pro-inflammatory cytokines such as IL-6 in maternal
serum and amniotic fluid [16]. Maternal bacterial vaginosis is reported
to occur in as high as 6–32% of pregnancies, Chlamydia occurs in
2–21% of pregnancies and urinary tract infections resulting from strep-
tococcal bacteriuria afflict 2–4% of pregnancies [17,18]. Such bacterial
infections may result in chorioamnionitis, a serious obstetric complica-
tion involving inflammation of the placenta and the placental amnion
and chorion, which complicates up to 4% of all births, including 1–2%
of term and up to 15% of preterm births [19,20]. Recently, increased
transcript levels of ABCB1 and ABCG2 were reported in placentas from
preterm labor with inflammation, a finding which was correlated
with increased IL-8 levels [21]. It is still unknown whether there are
inflammation-mediated changes in the placental expression of these
transporters at term and whether expression of the OATP transporters
is also affected. As protein expression is often more highly correlated
with functional changes in transport, our objectivewas to further inves-
tigate themRNA and protein expression of ABCG2 and ABCB1, as well as
SLCO2B1 and SLCO4A1 transporters in placentas obtained frompreterm
and termpregnancies complicated bymaternal infection and inflamma-
tion. Chorioamnionitis was chosen as a suitable example of a maternal
infection, due to its prevalence and significance in obstetrics. These
transporters were examined based on their importance in the transpla-
cental transfer of clinically important endogenous and exogenous
substrates. Furthermore, the transport of certain substrates is thought
to be co-regulated by pairs of uptake and efflux transporters. For
example, substrate specificity is shared between BCRP and OATP2B1
and their coordinated activity is believed to play an important role
in transplacental transfer [22]. The syncytiotrophoblast localization
of the transporters we examined is illustrated in Fig. 1.

2. Materials and methods

2.1. Sample acquisition

Fifty human placental specimens from pregnancies meeting our
inclusion/exclusion criteria were obtained by the Research Centre for
Women's and Infants' Health (RCWIH) BioBank program at Mount
Sinai Hospital, Toronto, Canada, in accordance with the policies of the
Mount Sinai Hospital Research Ethics Board and following the tenets
of the Declaration of Helsinki. Sample acquisition, placental processing
and measurement are detailed on the RCWIH BioBank's website:
http://biobank.lunenfeld.ca, as previously described [23]. Placental
samples were grouped by chorioamnionitis infection from term and
preterm pregnancies (INF-T and INF-PT) or control term and preterm

pregnancies (CTL-T and CTL-PT). Pathologic changes accompanying
cases of chorioamnionitis were examined and classified according to
the criteria set out by Redline and colleagues [24]. This classification
system includes 3 stages of disease progression (3 being the highest)
with 2 grades of intensity at each stage, for both the maternal and the
fetal inflammatory responses. Control placental samples were collected
from healthy pregnancies matched for gestational age (term or pre-
term). All clinical data that were extracted from patient charts and
collected by the RCWIH BioBank program of Mount Sinai Hospital
was made available to this study. Extensive review of clinical data was
completed to ensure that all patientsmet our inclusion/exclusion criteria
and that any medications that the patients were taking were not known
inhibitors or inducers of the studied transporters.Womenwere excluded
from the control group if they had any concurrent conditions that could
impact the expression of transporters, such as various endocrine, cardio-
vascular, hematological, neurological, inflammatory, autoimmune, renal
or hepatic complications, as well as women with diagnosed infections,
obstetric complications (including preeclampsia, gestational diabetes
and other complications), cancer survivors, or those that reported
smoking or recreational drug use during pregnancy (detailed in supple-
mentary data, Table S1). Similar exclusion criteria were applied for the
INF group, apart from the diagnosed intra-amniotic infection that consti-
tutes chorioamnionitis. Samples included in this study reflect RCWIH
BioBank availability between 2010 and 2013.

2.2. Western blotting and transporter protein expression

Crude membrane fractions were isolated from 300 mg of placental
tissue. Samples were homogenized using a motorized pestle in lysis
buffer (0.1 M Tris–HCl, pH 7.5, containing Protease Inhibitor Cocktail
1–3 μl/ml and Phenylmethylsulfonyl fluoride 50 μg/ml; Sigma-Aldrich,
Oakville, ON). Homogenates were centrifuged at 2000 g for 20 min
and the resulting supernatant was re-spun at 100,000 g for 60 min
at 4 °C. The resulting protein pellet was washed and dissolved in a
small volume of lysis buffer. Total protein concentrations were quanti-
fied using the Bradford assay with BSA standards. Isolated protein
samples (30–45 μg) in Laemmli sample loading buffer were heated at

Fig. 1. Illustration of localization of ABCB1, ABCG2, SLCO2B1 and SLCO4A1 in the placenta.
The syncytiotrophoblast cell layer of the placenta expresses a number of apical and
basolateral transport proteins that contribute to the function of the placental barrier,
including the SLC uptake transporters SLCO2B1 and SLCO4A1 and the ABC efflux
transporters ABCB1 and ABCG2 [8].
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