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Objective
The purpose of this study was to investigate the expression of the D6 decoy receptor that can bind chemokines and target
them for degradation, resulting in inhibition of inflammation in placentas from preeclamptic and normal pregnancies.
Methods
The current study was carried out in 35 pregnant women (23 patients with preeclampsia and 12 healthy, normotensive
pregnant women) during the third trimester of pregnancy. The expressions of D6 decoy receptor in the placenta were
determined with real time reverse transcriptase polymerase chain reaction and western blotting.
Results
The mRNA and protein of D6 decoy receptor were detected in all of placentas from preeclamptic and normal pregnancies.
Placental D6 decoy receptor mRNA expression was significantly lower in patients with preeclampsia than in patients with
normal pregnancies. Western blot analyses revealed decreased protein expression in cases of preeclampsia.
Conclusion
The expression of the D6 decoy receptor in preeclamptic placentas was significantly lower than in normal placentas. Further
studies are needed to clarify the underlying mechanisms that link decreased expression of placental D6 decoy receptor and
preeclampsia.
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Introduction
Although the pathophysiology of preeclampsia remains unknown, it is generally accepted that increased maternal systemic inflammatory responses play a major role in its clinical
features [1]. Advancing gestation is characterized by a progressive increase in inflammatory response in both normal and preeclamptic pregnancy; however, preeclampsia is associated with
more vigorous systemic inflammatory responses than normal
pregnancy [2,3]. It has been hypothesized that the exaggerated
systemic inflammation seen in preeclampsia may result from
decompensation of one or more maternal protective systems [4].
Chemokines control leukocyte recruitment by activating
intracellular signaling pathways through G-protein coupled
chemokine receptors [5]. Chemokines also bind to decoy receptors, which are structurally related to signaling receptors but
are unable to activate transduction events [6]. The D6 decoy
receptor, which shares 30% to 35% sequence identity with
signaling chemokine receptors but does not support known
signaling functions, recognizes and scavenges a wide spectrum
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of CC inflammatory chemokines [7]. In skin, gut and lungs, the
D6 decoy receptor is expressed on endothelial cells of lymphatic
afferent vessels while in placenta, it is expressed by the invading extravillous trophoblast and on the apical side of syncytiotrophoblast cells, at the interface between maternal and fetal
circulation [8,9]. D6 decoy receptor -/- mice used in a model of
skin inflammation showed increased inflammatory chemokine
levels and an exaggerated inflammatory response, suggesting
that the D6 decoy receptor exercises some control over inflamReceived: 2014.10.1. Revised: 2015.1.3. Accepted: 2015.1.6.
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matory response [10]. Moreover, exposure of D6 decoy receptor
-/- pregnant mice to lipopolysaccharide (LPS) or antiphospholipid autoantibodies results in higher levels of inflammatory CC
chemokines and increased leukocyte infiltrate in placental tissue and increased rates of fetal loss [9]. Therefore, it is implied
that the placental D6 decoy receptor plays a role in dampening
inflammatory response [9]. However, to date there are no studies evaluating the role of placental D6 decoy receptor in preeclampsia.
The purpose of this study was to investigate the expression
of the D6 decoy receptor in placentas from normal and preeclamptic pregnancy.

Materials and methods
1. Subjects and sample collections
Placental tissue was obtained from 35 women who gave a
birth at Korea University Medical Center. Twenty-three placentas from preeclamptic women, and 12 normal placentas were
included in the analysis. A central area (1cm3) of placental tissue on the maternal side was dissected from each sample, and
the maternal decidua was removed. Vigorous washing of the
maternal blood from the samples was performed with saline
and tissues were immediately frozen in liquid nitrogen and
stored until use.
Preeclampsia was defined as maternal blood pressure of
≥140/90 mmHg recorded on two occasions separated by six
hours after 20 weeks of gestation without a previous history of
hypertension, and proteinuria (≥300 mg/24 hours urine or ≥1+
in dipstick test).
This study was approved by the institutional review board of
Korea University Medical Center and informed consent was
obtained from all patients.
2. Total RNA isolation and reverse transcriptase reaction
RNA extraction and purification were done using an RNeasy
mini kit (Qiagen, Valencia, CA, USA) as described in the manufacturer’s protocol. The concentration of RNA was measured
using a spectrophotometer (DU530, Beckman, Fullerton, CA,
USA). The total RNA sample (2 µg/sample) using the SuperScript III First-Strand Synthesis System for reverse transcriptase
(RT) polymerase chain reaction (PCR) kit (Invitrogen, Milan,
Italy) were used in a 20 µL scale to generate cDNA. RNA
was reverse-transcribed at the following conditions: 25 mM
MgCl2, 10 mM dNTP mix, 10 × RT buffer, 0.1 M DTT, 200 U
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of SuperScript III (Invitrogen), 40U of RNaseOut, 50 μM oligo
d(T) primers in a final volume of 20 µL. The reaction was run
at 65°C for 5 minutes and 50°C for 50 minutes, and then
the enzyme was heat inactivated at 85°C for 5 minutes. Four
microliter of reaction products were used for real-time PCR
reaction.
3. Quantitative real time polymerase chain reaction analysis
Real-time PCR was used to quantify D6 decoy receptor. This expression was normalized using the GAPDH housekeeping gene
product as an endogenous reference. The primers and probes
were designed for human D6 decoy receptor using Primer Express 2.0 (Applied Biosystems, Foster City, CA, USA). D6 decoy
receptor mRNA levels were quantified using TaqMan RT-PCR
with an ABI 7700 system (Applied Biosystems). Gene-specific
probes and primer pairs for D6 decoy receptor (Assays-onDemand, Hs00174299_m1; Applied Biosystems) was used. For
each probe/primer set, a standard curve was generated, which
was confirmed to increase linearly with increasing amounts of
cDNA. The amplification conditions were 2 minutes at 50°C,
10 minutes at 95°C, and a two-step cycle of 95°C for 15 seconds and 60°C for 60 seconds for a total of 45 cycles.
4. Western blot analysis
Total tissues lysates were prepared by homogenization. The tissues was obtained in buffer containing 50 mM HEPES (pH 7.5),
150 mM NaCl, 1.5 mM MgCl2, 1 mM EDTA, 10% glycerol, 1%
Triton X-100, a mixture of protease inhibitors (aprotinin, phenylmethylsulfonyl fluoride, and sodium orthovanadate). The extracted protein concentration was measured according to the method
of Bradford. Equal amounts of total protein were resolved on
12% sodium dodecyl sulfate-polyacrylamide gel. Proteins were
transferred to a nitrocellulose membrane (Hybond-P, Amersham
Biosciences, Piscataway, NJ, USA). After blocking (tris-buffered saline, 0.1% Tween 20) at 4°C overnight, the membranes were incubated with primary Ab’s for anti human D6 decoy receptor (dilution 1:1000; Santa Cruz Biotechnology, Santa Cruz, CA, USA).
After incubation, the blots were washed (tris-buffered saline 0.1%
Tween 20) and incubated with anti goat secondary Ab’s linked
to horseradish peroxidase (dilution 1:2000; Bio-Rad Laboratories,
Hercules, CA, USA). Immunoreactive proteins were visualized by
chemiluminescence using SuperSignal West Dura Extended Duration Substrate (Pierce Chemical, Rockford, IL, USA) and signals
were detected on X-ray film. Signals in the linear range of the
film were digitized, and densitometry was performed using IMT-iDelta (Image and Microscope Technology, Daejeon, Korea).
www.ogscience.org

Geum Joon Cho, et al. D6 decoy receptor in preeclampsia

5. Immunofluorenscence
Tissue sections (2 µm) were fixed with 4% paraformaldehyde
for 10 minutes, blocking solution (phosphate-buffered saline containing 3% bovine serum albumin and 0.02% Triton
X-100) was applied for 30 minutes, and anti human D6 decoy
receptor (dilution 1:200, Santa Cruz Biotechnology) was added
for 1 hour at room temperature. After washing, the cells were
exposed to Alexa-488-conjugated anti-mouse IgG (dilution
1:500, Invitrogen, CA, USA) for 30 minutes at room temperature, and their nuclei counterstained with Hoechst 33342 (dilution 1:5000, Invitrogen) for immunofluorescence. Confocal
microscopy (LSM 700, Zeiss, Wetzlar, Germany) was used for
the distribution of D6 decoy receptor.
6. Statistics
Clinical results were reported as mean±SD for continuous
variables and as a percentage for categorical variables. Clinical
characteristics among groups were compared using the MannWhitney U-test and Fisher’ exact test, when the variables were
continuous and categorical, respectively.
Analysis of variance with a covariant (ANCOVA) using gestational age as covariant was used to test the differences in placental expression of D6 decoy receptor between normal pregnancy and preeclampsia. They were analyzed using the MannWhitney U-test. P<0.05 was considered statistically significant.
Statistical analyses were performed using SPSS ver. 12.0 (SPSS
Inc., Chicago, IL, USA).

D6 decoy receptor in placentas from normal and preeclamptic
pregnancy. Representative micrographs are shown in Fig. 1.
The D6 decoy receptor expression was lower in preeclamptic
placenta (B) compared to normal placenta (A).
3. m
 RNA expression of the D6 decoy receptor in placentas
from preeclamptic and normal pregnancies
Fig. 2 demonstrates mRNA expression of the placental D6
decoy receptor in preeclamptic and normal placentas. The
mRNA D6 decoy receptor was detected in all of placentas
from preeclamptic and normal pregnancies. mRNA expression
of placental D6 decoy receptor was significantly lower in preeclampsia than in normal pregnancy.
4. P
 rotein expression of the D6 decoy receptor in placentas
from preeclamptic and normal pregnancies
The results of western blot analyses are presented in Fig. 3.
Protein expression of the D6 decoy receptor was detected in
placentas from both preeclamptic and normal pregnancies
with a band detected at approximately 90 kD. Protein expression of the D6 decoy receptor was lower in placentas from
preeclamptic pregnancies when compared to that in normal
placentas (Fig. 3A). The data from all placentas are shown in
Fig. 3B. Densitometric studies have also shown that protein
expression of the D6 decoy receptor was significantly lower in

Table 1. The characteristics of the study subjects according to presence or absence of preeclampsia
Women with
Women
normal
with
pregnancy preeclampsia
(n=12)
(n=23)

Results
1. The characteristics of the study subjects according to
presence or absence of preeclampsia
The characteristics of the study subjects, according to presence
or absence of preeclampsia, are presented in Table 1. No significant differences in age, parity, number of abortion, and body
mass index were observed between women with normal pregnancy and women with preeclampsia. Otherwise, gestational
age at delivery and birth weight were different between the
two groups. Distributions of neonatal gender, delivery mode,
and delivery with labor did not substantially vary between the
two groups.
2. The expression of D6 decoy receptor in placentas from
preeclamptic and normal pregnancy by immunofluorescence
Immunofluorescence stain was carried out to evaluate localize
www.ogscience.org

P-value

Age (yr)

31.42±5.05

31.87±4.67

0.474

Parity (n)

0.42±0.52

0.70±0.93

0.557

1.42±1.08

1.04±1.33

0.237

28.98±2.49

29.18±3.71

0.369

38.30±1.49

33.66±3.34

<0.001

3.12±0.38

1.93±0.53

<0.001

No. of abortion (n)
2

BMI (kg/m )
Gestational age at
delivery (wk)
Birth weight (kg)
Neonatal gender (%)

0.289

Male

66.7

43.5

Female

33.3

56.5

Delivery mode (%)

0.722

Vaginal delivery

16.7

21.7

Cesarean section

83.3

78.3

33.3

21.7

Delivery with labor (%)

0.685

BMI, body mass index.
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A

B

Fig. 1. Placental expression of D6 decoy receptor (white arrows) by immunofluorescence in normal (A) and preeclamptic (B) placenta (×200).

A

B
Fig. 2. mRNA expression of the placental D6 decoy receptor in preeclamptic
and normal placentas. Expression was normalized using the GAPDH housekeeping gene product as an endogenous reference. Data were analyzed using
ANCOVA (analysis of variance with a covariant) with gestational age as covariant. *P<0.05.

placentas from preeclamptic pregnancies than those in normal
placentas (P<0.05) (Fig. 3B).

Discussion
To our knowledge, this is the first study to explore the expression of the D6 decoy receptor in placentas from preeclamptic
pregnancies. The results of this study suggest that the expression of the D6 decoy receptor in preeclamptic placentas is
significantly lower than that in normal placentas. However, it
remains unclear whether the decrease of placental D6 decoy
336

Fig. 3. Western blot analysis for protein expression of placental D6 decoy
receptor from preeclamptic and normal placentas. (A) Results from a representative experiment. Bands of almost identical intensity for GAPDH are
also shown for each experiment. (B) Mean±standard error of the mean of
densitometric numbers was calculated by densitometry. Data were analyzed
using ANCOVA (analysis of variance with a covariant) with gestational age as
covariant. *P<0.05.

receptor results in the development of preeclampsia or enhances the already heightened inflammatory response observed in
women with preeclampsia.
www.ogscience.org
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Macrophages near the fetal-maternal interface are associated with placental development, angiogenesis, and decidual
remodeling. However, their excessive recruitment is reported to
inhibit trophoblast invasion [11,12], which may ultimately result in the development of preeclampsia. There is an increased
presence of aberrantly-activated macrophages in placentas
from preeclamptic pregnancies [11]. Therefore, the mechanism
of recruitment of activated macrophages to the maternalfetal interface may be central to the etiology of preeclampsia
[13]. However, the trigger for the activation of monocytes/
macrophages in preeclampsia remains unknown. Chemokines
including eotaxin, macrophage-derived chemokine, monocyte
chemoattractant protein (MCP)-3, and macrophage inflammatory protein (MIP)-1β, all of which bind to the D6 decoy receptor, are known to attract monocytes/macrophages and their
expressions in endometrium are maintained during pregnancy
[14]. The inappropriate control of chemokines in decreased
expression of the D6 decoy receptor may result in a significant
increase in infiltrating macrophages in placental tissue [9].
Therefore, it is possible that a decrease in the placental D6 decoy receptor may contribute to preeclampsia via the excessive
recruitment of macrophages to the fetal-maternal interface.
However, D6 decoy receptor -/- mice showed normal placental
development and fertility indices, suggesting that its function
lies not in the maintenance of homeostatic conditions but
rather in the control of placental inflammation of a different
origin [9].
Syncytiotrophoblast microparticles (STBMs), the results of
turnover and renewal of the syncytial surface of the chorionic
villi [3], circulate in normal third trimester pregnancies but are
present at significantly higher levels in cases of preeclampsia
[15,16]. STBMs not only directly damage endothelial cells but
also stimulate systemic inflammatory responses in normal and
preeclamptic pregnancies [17]. STBMs bind to monocytes
and can stimulate the production of TNF-α [18] which in turn
can induce the secretion of monocyte/macrophage-attracting
chemokines including regulated on activation normal T cell expressed and secreted (RANTES) in invasive trophoblast cells [14]
and MCP-1 in invasive trophoblast cells and deciduas [13,19].
Therefore, it is possible that a decrease in placental D6 decoy
receptors results in an inappropriate response to systemic inflammation caused by STBMs and contributes to an up-regulation of the systemic inflammatory response in preeclampsia.
Maternal infections are also thought to be associated with
preeclampsia. For example, active maternal periodontal disease during pregnancy has been found to be associated with
www.ogscience.org

an increased risk for the development of preeclampsia [20]. In
addition, women with preeclampsia have been found to have
increased levels of pathogenic placental microbes compared
to controls [21]. Recently, a systematic review of epidemiologic
studies revealed that the presence of any infection was associated with a two-fold higher risk of preeclampsia [22]. In
particular, exposure to LPS in D6 decoy receptor-/- pregnant
mice was shown to result in higher levels of chemokines and
increased leukocyte infiltrate in the placenta, causing an increased rate of fetal loss [9]. LPS has been also used as an in
vitro stimulus for investigating the inflammatory response in
preeclampsia [23,24]. Therefore, a decrease in D6 decoy receptors, representing the inappropriate function of dampening
placental inflammation, may make an important contribution
to the exaggerated systemic inflammation seen in preeclampsia caused by physiological (STBMs) or pathological (infections)
conditions.
Labor itself can influence the expression of placental D6
decoy receptor through alteration of chemokines. However,
in this study, the expression of D6 decoy receptor was not
different between placentas from non-laboring women and
placentas from laboring women (data not shown). Moreover,
there was no difference in placental expression of D6 decoy receptor between non-severe and severe preeclampsia (data not
shown).
Limitations of the current study include differences in gestational age between normal and preeclamptic pregnancies (normal pregnancy vs. preeclampsia, 38.30±1.49 vs. 33.66±3.34
weeks, P<0.001). It is possible that the difference in D6 expression between placentas from preeclamptic and normal
placentas was caused by this disparity, but there are currently
no published studies evaluating the expression of placental
D6 according to gestational age. This may be due to the difficulty associated with sampling placental tissues of less than
30 weeks gestational age from healthy placentas without obstetric compromise. Although ANCOVA revealed that placental
D6 expression was significantly lower in preeclampsia than in
normal pregnancy after controlling for gestational age (P<0.05),
further study is required to investigate the expression of placental D6 considering gestational age.
The present study also did not investigate chemokines that
interact with D6. There is currently conflicting evidence whether chemokines are increased in preeclampsia. Jonsson et al. [25]
reported that there were no differences in serum levels of MIP1α, MIP-1β, MCP-1, eotaxin, and RANTES between cases of
preeclampsia and normal pregnancies. However, other authors
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have reported that plasma levels of MCP-1 were increased in
preeclampsia [26] and that the RANTES gene was up-regulated
in preeclamptic placentas by DNA array [27]. Taken together,
the fact that monocyte/macrophage recruitment at the maternal-fetal interface, which is primarily controlled by chemokines,
plays a role in the etiology of preeclampsia, further studies are
necessary to evaluate the roles of chemokines in the pathophysiology of preeclampsia.
In conclusion, the expression of the placental D6 decoy receptor was significantly lower in preeclamptic pregnancies than
in normal pregnancies. Further studies are needed to clarify the
underlying mechanisms that link decreased expression of placental D6 decoy receptor and preeclampsia.
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