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Perfusion of human term placentas with lipopolysaccharide
did not affect the capacity of the fetal and maternal tissues
to produce interleukin-10
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ABSTRACT. IL-10 is anti-inflammatory cytokine that is involved in the regulation of the pregnancy process. We
examined the capacity of fetal and maternal placental tissues from human term placentas, to produce IL-10, in
the presence and absence of LPS. The levels of IL-10 were examined (by ELISA and immunohistochemical
staining) in the fetal and maternal tissues of human placentas after 10 hours of perfusion, in the presence or
absence of lipopolysaccharide (LPS; 1 pg/k”g perfused tissue). We could detect IL-10in amnion (A;
13.91 + 11.35 pg/ml) and chorion (CH; 7.85 + 6.38 pg/ml) tissue homogenates, and in the homogenates of three
different sites of the placental tissue compartment (subchorionic placenta (SubCH); 7.39 + 4.39 pg/ml, mid-
placenta (MidPL); 8.9 £4.73 pg/ml and decidua (Decid); 16.48 + 11.86 pg/ml). Immunohistochemical studies
showed that IL-10 was localized in the epithelial cells of the amnion, and in the fibroblasts and macrophages of
the chorion. In the placenta and mid-placental sites, IL-10is localized mainly in cytotrophoblasts and
syncytotrophoblasts. The presence of LPS in the perfusion media of the placentas for 10 hours, did not
significantly affect the capacity of the fetal and maternal tissues to produce IL-10. Thus, our results may indicate
the involvement of the fetal compartment in the down-regulation of the cell-mediated response of the maternal
compartment against the fetus, by producing IL.-10 under physiological conditions. Infection/inflammation agents

such as LPS did not affect the expression levels of IL-10 in the placenta
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INTRODUCTION

Cytokines are paracrine/autocrine immune-regulatory
growth factors produced mainly by immune cells follow-
ing immune challenges (antigen/pathogen or inflamma-
tion). However, non-immune cells also produce these fac-
tors [1]. Cytokines produced by placental tissues are
involved in the regulation of implantation, fetal growth and
development. They control placental development through
the regulation of trophoblast proliferation, differentiation
and function [2]. Immunoregulatory molecules in the pla-
cental compartments have been shown to be involved in
immunological tolerance [2].

Interleukin-10 is considered to be one of the major inhibi-
tors of inflammatory reactions. It down-regulates the pro-
duction of pro-inflammatory cytokines such as IL-1, IL-6
and TNF-a. Also, it interferes with antigen presentation,
T cells and natural killer (NK) cell functions [3]. The
production of IL-10is induced by cytokines such as
TNF-o and IL-12, prostaglandins and progesterone, fac-
tors which are locally produced by placental cells [3-6]. It
has been demonstrated that IL-10 prevents naturally oc-
curring fetal loss in a mouse model [7]. It has been argued

that IL-10 is a possible mediator of the immunological,
pregnancy protective effect of progesterone [8].

Reproductive tract bacterial infection has been implicated
as a significant risk factor for preterm delivery [9, 10].
High levels of induced pro-inflammatory cytokines, which
may directly or indirectly promote myometrial responsive-
ness or activity, have been suggested to be behind this
process [9-11]. Lipopolysaccharide (LPS) induced inflam-
matory responses in human gestational tissues, resulting in
increased release of proinflammatory cytokines such as
IL-1, and phospholipid metabolites such as prostanoids
[12-14].

The disregulation of IL-10 production in some reproduc-
tive pathologies, including spontaneous abortion [7,15],
intrauterine growth restriction [16,17], and intrauterine
infection-associated preterm labor [18] high lights the
protective role of IL-10 in human pregnancy.

Purified human trophoblasts were shown to secrete physi-
ological amounts of IL-10, in vitro [19]. IL-10 expression
in placental tissues was demostrated to be gestational
age-dependent, and that cytotrophoblasts express 1L-10
receptors [20, 21].
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In the present study, we have examined the capacity of fetal
and maternal placental tissues from human term placentas,
to produce IL-10, in a perfusion system, when LPS was
present or absent in the perfusion medium.

MATERIALS AND METHODS

Materials: Bovine serum albumin, glucose, lipopolysac-
charide (LPS; from E Coli, serotype 055:B5; Cat no.
L-2880), bicarbonate, casein, urea, Tween 20 and DAB
(Sigma Chemicals Co., St. Louis, USA), heparin (Bet-
Kama, Israel), gentamycin (Tva, Petah Tekva, Israel), buff-
ered formaldehyde (BioLab, Jerusalem, Israel), recombi-
nant IL-10 (Genzyme Diagnostic, MA, USA), Monoclonal
rabbit anti-human IL-10, biotinylated polyclonal anti-
human IL-10 (Endogen, MA, USA), polyclonal goat anti-
human IL-10 (R&D system, Cat no. AF-217-NA, USA),
PBS, M 199 (Beit HaEmek, Israel), biotinylated polyclonal
rabbit anti-goat antibodies and streptavidin-peroxidase
conjugate (Zymed, San Francisco, CA, USA), H,O,, etha-
nol, methanol, xylene (Frutarom LTD, Israel).

Methods: Placentas from 10 uncomplicated, term preg-
nancies were collected immediately after either vaginal or
cesarean delivery. Five of these placentas were perfused
with medium alone [M 199 medium containing bovine se-
rum albumin (0.1 mg/ml), glucose (1.0 g/L), heparin
(20 IU/ml) and Gentamycin (48 pg/ml)], and another five
placentas were perfused with medium containing LPS
(1 pg/k”’g perfused placental tissue), for 10 hours. The
perfusion experiments were performed using the method
of Schneider and Huch [22]. Placentas were taken to the
laboratory where a fetal artery and a fetal vein from a
single cotyledon were cannulated, within 20 min of deliv-
ery. Following successful establishment of the fetal circu-
lation, the placenta was mounted in a perfusion chamber,
and the maternal circulation was cannulated by placing
four catheters into the intervillous space of the lobe corre-
sponding to the perfused isolated cotyledon. Maternal
perfusate that returned from the intervillous space was
continuously drained by a maternal venous catheter placed
at the lowest level on the maternal decidual surface to
avoid significant pooling of perfusate. Perfusion medium
with or without LPS was adjusted to 7.4 with bicarbonate
and gassed with 95 % oxygen and 5 % carbon dioxide at
37 °C, PO, > 110 mmHg.

Perfusion rates were 4-6 ml/min and 10-12 ml/min in the
fetal and maternal circulation, respectively. Lateral pres-
sure was measured in the fetal inflow line adjusted to the
point of cannulation. A Hewlett Packard, 1290c universal
quartz pressure transducer recorded the pressure. Placental
tissues included chorion, amnion, subchorionic placental
site, mid-placental maternal surface and decidua were col-
lected at the end of the perfusion process (after 10 hours of
perfusion) and formalin fixed for IL-10 cellular origin
characterization by immunohistochemical staining, or
stored at — 70 °C to be homogenized for IL-10 level evalu-
ation.

Statistical significance was determined by analysis of vari-
ance (ANOVA) and the paired t-test.

Immunohistochemical staining [23]: Four micron — thick
sections from formalin-fixed, paraffin — embedded tissue
blocks were mounted on saline-coated slides, dried at
37°C for 48 hrs and stored at room temperature. Before the
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primary antibodies (polyclonal goat anti-human IL-10)
were applied, blocking of the nonspecific background was
achieved with PBS containing 0.05 % casein and suitable
normal serum. This solution was also used to dilute the
primary antibodies. In order to choose an optimal proce-
dure for antigen unmasking, we used sections from two of
the cases, which were exposed to trypsin, proteinase K,
PBS, urea by boiling, or citrate by boiling. The best results
were obtained with both primary antibodies after boiling in
6 M urea for 15 min., using polyclonal goat anti-human
IL-10 antibodies (100 pg/ml) diluted in PBS/casein pH
7.5. In order to dilute the remaining antibodies and for the
purpose of washing the sections, we added 0.05 % Tween
20 to the PBS/casein solution. The biotinylated antibody
(polyclonal rabbit anti-goat) and the streptavidin-
peroxidase conjugates were applied according to the sup-
pliers’ directions. Blocking of the endogenous peroxidase
was performed with 3 % H,0, in 80 % methanol for
15 min. before the streptavidin-peroxidase conjugate was
applied. Development was done with 0.06 % DAB, and
Mayer’s hematoxylin was used for counter-staining. The
sections were mounted in Eukitt. Negative controls were
performed for each specimen using the normal goat
serum/PBS/casein instead of the primary antibodies, or by
pre-absorption of the first antibodies with recombinant
IL-10 (Figures 2E and F respectively).

Pre-absorption of the first antibodies: Antibody anti-
IL-10 (1 pg/ml) was incubated with various concentrations
of hrIL-10 (0.1-100 pg/ml). After overnight incubation at
4 °C, the mixture was used as a first antibody to stain
amnion tissue (as an example).

Preparation of placental homogenates: Placental homo-
genates were prepared from 10 placentas. Placental tissues
were homogenized in 1 ml cold PBS on ice. At the end of
the homogenization process, the mixture was centrifuged
at 13000 RPM for 15 min., and the supernatant was col-
lected and stored at — 70 °C. Total protein was examined
by Biorad reagent.

The levels of IL-10 in the homogenates of the placental
fetal and maternal sites were examined by using ELISA
kits specific for human IL-10. Duplicates for each sample
and a standard curve between 4-1000 pg/ml were exam-
ined.

Results are presented as mean + SD. Five placentas were
untreated, and the other 5 placentas were stimulated with
LPS.

RESULTS

Expression of IL-10in fetal and maternal compart-
ments of term placentas following LPS stimulation.
IL-10 levels were detected in amnion (A —; 13.91 %
11.35 pg/ml) and chorion (CH —; 7.85 + 6.38 pg/ml) tissue
homogenates and in the homogenates of the other three
sites of the placental compartments: subchorionic placenta
(SubCH); 7.39 + 4.39 pg/ml, mid-placenta (MidPL); 8.9 +
4.73 pg/ml and decidua (Decid); 16.48 + 11.86 pg/ml (Fig-
ure 1). The presence of LPS in the perfusion medium of the
placentas for 10 hours did not significantly affect the ca-
pacity of the amnion; 16.13 +15.74 pg/ml, chorion;
21.6 £ 38.67 pg/ml, and the other placental tissues exam-
ined: subchorionic placenta; 13.18 + 10.04 pg/ml, mid pla-
centa; 15.5 £ 13.7 pg/ml, and decidua; 10.9 £ 6.5 pg/ml to
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Figure 1

Expression of IL-10in fetal and maternal compartments of
term placentas following LPS stimulation. IL-10 levels were
detected in the homogenates of amnion (A) and chorion (CH) tissues
and in the homogenates of subchorionic (SubCH) and mid-placenta
(MidPL) and decidua (Decid) in the absence ((J) or in the presence
of LPS (1 mg/kg) () in the perfusion media of the placentas for
10 hours. Results are expressed as mean + SD. ELISA kit sensitivity
was 20 pg/ml.

produce IL-10 (Figure 1). The levels of IL-10 were not sig-
nificantly different between the various placental tissues in
the presence or absence of LPS.
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Localization of IL-10 in the fetal and maternal com-
partments of term placentas. Inmunohistochemical stud-
ies showed that IL-10 is localized in the epithelial cells of
the amnion tissue, and in the fibroblasts and macrophages
of the chorion tissue (Figure 2A). In the subchorionic
(Figure 2B) and mid-placental tissues (Figure 2C), IL-
10 was expressed mainly in cytotrophoblasts and syncy-
totrophoblasts. In addition, IL-10 was expressed in de-
cidual tissue cells (Figure 2D). No significant difference
was shown in the IL-10 levels between the placental tissues
(maternal and fetal tissues) perfused in the presence or in
the absence of LPS (Figure 2 and data not shown, respec-
tively). Negative controls, using normal serum or PBS
showed no staining (Figure 2E), and preabsorption of the
primary antibodies with rhIL-10 (50 pg/ml) showed dra-
matic decrease (amnion tissue is presented; Figure 2D) in
IL-10 staining in the examined tissues.

DISCUSSION

This is the first work showing the expression levels of
IL-10 in fetal and maternal compartments of term placen-
tas under LPS stimulation, in a system that seems to be
closed to the in vivo conditions of live placentas,. Our
results show that stimulation of placental tissues with LPS

Figure 2
Localization of IL-10 in the fetal and maternal compartments of term placentas perfused with medium alone or in the presence of LPS
for 10 hours. Immunohistochemical studies show the localization of IL-10 in the epithelial cells (ep) of the amnion (A), and in the fibroblasts (fb)
and macrophages (mac) of the chorion (CH) (A). In the other placental sites: subchorionic (B) and mid-placenta (C), and decidua (D), IL-10 was
expressed mainly in cytotrophoblasts (cyt) syncytotrophoblasts (syn) and decidual cells (decid). Negative controls using normal serum and the
second antibodies, or preabsorption of the first antibodies with examined tissues (E and F respectively). Magnification of the slides was x 200.
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did not affect the capacity of the different placental com-
partments to produce IL-10.

IL-10 is considered to be an inhibitory factor of the im-
mune response. It decreases immune functions including
pro-inflammatory cytokine production [3]. Placental tis-
sues also produce proinflammatory cytokines, in addition
to IL-10 during all stages of gestation [18, 24, 25]. In the
placenta, IL-10 is regarded as one of the major factors
involved in reducing the capacity for maternal-fetal rejec-
tion [3, 26, 27]. It has been suggested that IL-10 induces
type 2 helper T cell cytokines, through the suppression of
IFN-y production by T and NK cells [3, 25, 26], and of
IL-12 by dendretic cells and macrophages [3, 26]. Also, it
was shown that IL-10, of cytotrophoblast origin, could
suppress IFN-y secretion in allogenic, mixed lymphocyte
reactions [3, 27, 28]. Recently, it was demonstrated that
IL-10, in addition to its capacity to decrease the expression
levels of co-stimulatory molecules and MHC class I and I1
antigen in monocytes [24, 29-31], also selectively en-
hances HLA-G cell-surface expression in human mono-
cytes [31]. In addition, it was demonstrated that IL-10
enhances steady-state levels of HLA-G transcription in
cultures of trophoblast cells [31].

Thus, it is possible that the fetal compartments are actively
participating in the protection of the fetus against cell-
mediated immune responses of the maternal side, by con-
stitutive production of high levels of IL-10. It should be
emphasize that IL-10 is not the only suppression factor of
this system. Other factors such as IL-4, TGF-f and others,
could also participate in this immunosuppression.

More than 20 % of preterm deliveries occur in the presence
of infection. There is a growing body of evidence showing
that under chorioamnionitis conditions, involving endot-
oxins of invading bacteria, cytokine production was in-
creased by maternal immune cells and gestational tissues
[32]. This hypothesis is supported by various studies,
which have demonstrated the secretion of high levels of
pro-inflammatory cytokines including TNF-a, IL-1, IL-6
and IL-8 in the amniotic fluid of patients with preterm
labor in the setting of infection [33-36]. In addition, injec-
tion of LPS into pregnant mice and rats, increased the
levels of pro-inflammatory cytokines and prostaglandins,
and induced preterm delivery [37-39]. Recently, it was
shown that stimulation of decidual cultures and chorion
cell cultures, organ cultures of decidua or chorionic villi
and choriodecidual explant cultures, with LPS, increased
their capacity to produce IL-10 [40-42]. These results are
in contrast to our results presented here. This difference
could be related to the different systems used in our study
(perfused whole placental cotyledon) and their studies
(cell monolayers, organ cultures and explants). It should be
mentioned that we could not detect IL-10 in the perfusates
of our placentas but only in their homogenates, which may
indicate that placental tissues behave differently under in
vivo conditions as compared to in vitro conditions. In our
present study, the inability of LPS to induce IL-10 produc-
tion by both the maternal and fetal tissues (as detected by
ELISA and THC) support our suggestion that placental
cells of non-leukocyte origin are the source of IL-10, as
LPS is well known to be a potent inducer of IL-10 produc-
tion by leukocytes [4]. In addition, according to our results,
it is possible that the levels of IL-10 (or the mechanisms
involved in IL-10 production) in the placental tissues ex-
amined are present under the maximum expression levels.
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Thus, additional stimulation (with LPS) is unable to induce
more IL-10. On the other hand, the balance between Thl
and Th2 cytokines and the expression of other regulatory
molecules (such as HLA-G, integrins and other cytokines),
in the placenta, should be considered under physiological
and pathological conditions, and not only the expression
levels of one cytokine. Also, it could be suggested that
using one dose of LPS and examining IL-10 levels after
10 hours of placental perfusion maybe the reason for this
maximal effect, even though other cytokines examined
such as TNF, IL-1p and IL-6 showed increased levels
under these conditions (Huleihel et al., unpublished data).

Recently, it was suggested that IL-10 could also regulate
placental morphogenesis, acting to delay expansion of the
placental labyrinth and to modify the architecture of the
maternal blood sinuses [43].

In conclusion, the fetal compartment seems to play an
active role in prohibiting fetal rejection. It seems that
placental IL-10 is not the main signal involved in the
preterm delivery related to maternal genital infection.
Other mechanisms should be considered for a better under-
standing the mechanisms and signals involved in this pro-
cess.
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