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Lipopolysaccharide induces the expression of interleukin-la
distinctly in different compartments of term
and preterm human placentae
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ABSTRACT. The aim of the study was to investigate the stimulatory effect of lipopolysaccharide (LPS) on IL-1a
production in different compartments of term and preterm placental tissues. Homogenates from amnion, chorion,
and from fetal (subchorionic placental tissues, maternal decidua, and mid-placental tissue before and after
perfusion of isolated placental cotyledons of 5 term placentas and 4 placentas obtained after preterm birth
(28-34 W of gestation) were examined. Isolated placental cotyledons were dually perfused LPS (100 ng/kg
perfused placental tissue) was perfused into the maternal side during 10 hours. Homogenates of the samples were
examined by ELISA for IL-1a levels, and paraffin sections of the samples were stained by immunohistochemical
staining, to characterize the cellular origin of placental IL-1a. Paired t test and ANOVA determined statistical
significance. In the homogenates, there was a tendency towards higher IL-1a levels in all preterm placental
compartments as compared to the term compartments before perfusion. A significant increase was observed only
in the chorion compartment (p = 0.035). LPS had significantly increased IL-lo levels only in the decidua
compartment of term placentas as compared to other placental compartments (p = 0.0004), and had decreased
IL-1a levels in the mid-placenta (p = 0.034). In preterm placentas, addition of LPS did not affect the expression
levels of IL-1a in either fetal or maternal compartments as determined by ELISA and immunohistochemical
staining. IL-1a levels in the chorion compartment of preterm placenta were significantly higher as compared to
term placenta. LPS affects placental tissues of term and preterm placentas differently. Also, in the term placentas,
LPS affected the different compartments differently. Thus, IL-10 may have a key role (as a autocrine/paracrine
factor) in the regulation of normal and pathological pregnancy and parturition.
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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 [2-6]. Immunoregulatory molecules in the
placental compartments have been shown to be involved in
immunological tolerance [2].

The interleukin-1 family exerts growth-inducing, growth-
inhibitory and differentiation-inducing activities and
members are autocrine/paracrine factors with pleiotropic
activity [1, 7].

Molecular studies have demonstrated three types of IL-1,
namely; IL-1c0, IL-1f and IL-1 receptor antagonist (IL-

1ra)[1, 7]. Both IL-10 and IL-1f bind to the same receptor,
and share a spectrum of activities involved in physiological
and pathophysiological functions [1, 7]. IL-1f is the major
secreted form, while IL-1a is active in the cytoplasm or is
membrane-associated, in a variety of cell types [1].

A unique feature of the IL-1 system is the naturally occur-
ring IL-1Ira. Its genetic structure is homologous with the
IL-1a and IL-1f genes to certain degree [8, 9]. It binds to
the same receptors without transmitting any signal; thus it
has an important role in the regulation of the action of
IL-1[1,7].

Premature birth is the major contributory factor in both
perinatal morbidity and mortality worldwide [10], and
20-30% of preterm labor occurs in the setting of infection
[11]. It is suggested that microbial invasion of the chori-
onic and amniotic membranes (chorioamnionitis) leads to
the release of endotoxins [such as lipopolysaccharide



Lipopolysaccharide and IL-1a in human placents

(LPS)], which increase the production of cytokines by
maternal immune cells and placental tissues [6]. Indeed,
increased levels of pro-inflammatory cytokines such as
TNF-a, IL-1B, IL-6 and IL-8 have been detected in the
amniotic fluid of patients with preterm labor and infection
[12]. LPS induces inflammatory responses in human ges-
tational tissues, resulting in increased release of proinflam-
matory cytokines such as IL-1 and phospholipid metabo-
lites such as prostanoids [13-15]. In addition, injection of
LPS into pregnant mice and rats, increased the levels of
pro-inflammatory cytokines and prostaglandins, and in-
duced preterm delivery [16-18].

IL-1p has been demonstrated in decidual tissue cells [19],
and in cultures of first trimester trophoblast cells and
explants of chorionic villous [20]. In vivo and in vitro
studies demonstrated increase levels of IL-1a, IL-1f and
IL-1ra in amniotic fluid or gestational tissues from patients
with intra-amniotic infection or after exposure to LPS
[21-28].

Furthermore, administration of IL-1a or IL-1f induces
preterm delivery in mice, rabbits, and monkeys [29-31];
blocking of IL-1 activity using IL-1ra reduces stress-
triggered or IL-1a-induced abortion in mice [32, 33].

IL-1 receptor (IL-1R) type I was detected on extravillous
trophoblast, villous syncytotrophoblast and mesenchymal
cells, but not villous cytotrophoblasts. High levels of ex-
pression were also detected on glandular epithelium [34],
macrophages and NK of the deciduas [19].

In the present study, we examined the stimulatory effect of
lipopolysaccharide (LPS) on IL-1a production in different
compartments of term and preterm placental tissues.

MATERIALS AND METHODS

Study design

Placentas from 10, uncomplicated term and preterm (34-
36 W of gestation) pregnancies were collected immedi-
ately after either vaginal or cesarean delivery. Five of these
placentas were perfused with medium alone [M199 media
(Beit HaEmek, Israel), enriched with bovine serum albu-
min (0.1 mg/ml), glucose (1.0 g/L) (Sigma Chemicals Co.,
St. Louis, USA), heparin (20 IU/ml) (Beit Kama, Israel)
and Gentamycin (48 ug/ml)] (Teva, Petah Tekva, Israel)
and another 5 placentas were perfused with medium con-
taining LPS [(1 pg/kg perfused placental tissue (Sigma)],
for 10 hours. The perfusion experiments were performed
using the method of Schneider and Huch [35]. Placentas
were taken to the laboratory where a fetal artery and a fetal
vein from a single cotyledon were cannulated, within
20 min of delivery. Following successful establishment of
the fetal circulation, the placenta was mounted in a perfu-
sion chamber, and the maternal circulation was cannulated
by placing four catheters into the intervillous space of the
lobe corresponding with 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-
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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 before and after perfusion were separated into
compartments; Placental tissues, chorion, amnion, sub-
chorionic placental tissue, mid-placental tissue, maternal
surface with decidua, were collected at the end of the
perfusion process (10 hours) and were formalin-fixed for
IL-1a cellular origin characterization by immunohis-
tochemical staining, or stored at— 70 °C to be homog-
enized for IL-1a level evaluation.

Immunohistochemical staining [36]

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 tem-
perature. Before the primary antibodies (polyclonal rabbit
anti-human IL-1a) (Endogen, MA, USA) were applied,
blocking of the nonspecific background was achieved with
PBS (Beit HaEmek) containing 0.05% casein (Sigma).
This solution was also used to dilute the primary antibod-
ies. In order to choose an optimal procedure for antigen
unmasking, we used sections from two of the cases. These
were exposed to trypsin, proteinase K, PBS, urea (Sigma)
and boiled or to citrate (Sigma) and boiled. The best results
were obtained after boiling in 6-M urea for 15 min.,
using polyclonal rabbit anti-human IL-lo 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 (Sigma)
to the PBS/casein solution. The biotinylated antibody
(polyclonal goat anti-rabbit) (Zymed, San Francisco, CA,
USA) and the streptavidin-peroxidase conjugates (Zymed)
were applied according to the supplier’s directions. Block-
ing of the endogenous peroxidase was achieved with 3%
H,0, in 80% methanol for 15 min. before the streptavidin-
peroxidase conjugate (Frutarom, Ltd, Israel) was applied.
Development was performed with 0.06% DAB, and May-
er’s hematoxylin (Sigma) was used for counterstaining.
The sections were mounted in Eukitt. Negative controls
were performed for each specimen using PBS/casein in-
stead of the primary antibodies.

Preparation of placental homogenates: placental homoge-
nates were prepared from different compartments of
10 placentas. Placental tissues were homogenized in 1 ml
cold PBS. At the end of the homogenization process, the
mixture was centrifuged at 13000 RPM for 15 min. and the
supernatant was collected and stored at — 70°C. Total pro-
tein was determined using Biorad reagent.

The levels of IL-1a in the homogenates of the placental
fetal and maternal sites were examined using ELISA kits
specific for human IL-10 (Endogen).

The results are presented as pg/ug protein + SD.

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

RESULTS
Expression of IL-1a in fetal and maternal
compartments of term and preterm placentas

There was a tendency towards higher IL-1a levels in all
preterm placental compartments as presented in Figure 1.
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Figure 1

Expression of IL-1a in fetal and maternal compartments of term and preterm placentas. IL-1a levels were detected in the homogenates
of amnion (Am) and chorion (Ch) tissues, and in the homogenates of subchorionic (SubCh), mid-placenta (MidPla) and decidua (Dec) of term

and preterm placentas before perfusion. Results are expressed as mean + SD. ELISA kit sensitivity was 20 pg/ml.

The levels of IL-1a in the following preterm and term
placental compartments were not statistically significant:
amnion; 26 +38 and 8 + 6 pg/mg protein respectively,
subchorionic placental tissue; 8 =10 and 2 =+ 1 respec-
tively, mid-placenta; 5 + 3 and 2 + 1.5 respectively, and
decidua; 3 +3 and 2 + 1.4 respectively. However, a sig-
nificant difference was observed only in the chorion com-
partment of preterm and term placentas (25 + 12 and
9 + 3 respectively; p = 0.035).

The levels of IL-1a in the amnion of term placentas were
significantly higher than in subchorionic placental tissue
(p=0.038), and mid-placenta (p=0.044) but not in
chorion or decidua tissues. However, the levels of IL-1a in
chorion tissue were significantly higher than in subchori-
onic placental tissue (p=0.00015), mid-placenta
(p=0.00014) and decidua (p =0.00021), but not than
levels in the amnion.

The levels of IL-1a in the chorion of preterm placentas
were significantly higher than in subchorionic placental
tissue (p =0.03), mid-placenta (p=0.018) and decidua
(p =0.014), but not than levels in the amnion. However,
the levels of IL-1a in the amnion of preterm placental
tissues were not significantly different than any those
found in other placental tissue.

Stimulation of term placentas with LPS significantly
increased IL-1a levels in decidual tissue only,
and decreased it in mid-placental tissue

Perfusion of term placentas with medium containing LPS,
or medium alone (Figure 2) did not affect the levels of
IL-10 in the homogenates of amnion (10 =4, 15 + 10 re-
spectively), chorion (7 £5, 14 £5) or subchorionic pla-
cental tissues (2 + 0.3, 2.5 + 1.5). However, it significantly
increased IL-1a levels in decidual tissue (76 = 4,2.7 + 1.6,
2 + 1.4 respectively; p =0.0004). On the other hand, it
significantly decreased IL-1a levels in mid-placental tis-
sues (0.8 + 0.8, 2 + 0.6 respectively; p = 0.034).

Stimulation of preterm placentas with LPS did not
affect the capacity of the maternal and fetal
compartments to produce IL-1a

Perfusion of preterm placentas with medium containing
LPS, or medium alone (Figure 3) did not significantly
affect the levels of IL-1a in the homogenates of amnion
(62 £13, 178 £ 113 respectively), chorion (14=+9,
65 £79), subchorionic placental tissues (25 0.3,
32 +19), mid-placental tissues (4 + 3,20 + 17) or decidua
(31 11,24 £27).

Localization of IL-1a in the fetal and maternal
compartments of term and preterm placentas

Immunohistochemical studies showed that IL-1a is local-
ized in the epithelial cells of the amnion tissue, and in the
fibroblasts and macrophages of the chorion tissue (Figure
4A). In the subchorionic and mid-placental tissues (Figure
4B), IL-10. was expressed mainly in cytotrophoblasts and
syncytotrophoblasts. In addition, IL-1a. was expressed in
decidual tissue cells (Figure 4C). No significant difference
was shown in the IL-1a levels between the placental tis-
sues (both maternal and fetal tissues) perfused in the ab-
sence or in the presence of LPS (data not presented).
Negative controls showed no staining for IL-1a in the
examined tissues of placentas perfused in the presence or
absence of LPS (Figure 4D).

DISCUSSION

This is the first work showing an expression of IL-1a in
fetal and maternal compartments of term and preterm
placentas under stimulation with LPS, in a system that
seems to be close to in vivo conditions. Our results show
that IL-1a levels are significantly higher, only in the chori-
onic tissue of preterm placentas as compared to term
placentas. Stimulation with LPS affected term and preterm
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Figure 2

Effect of LPS on the expression levels of IL-1a in fetal and maternal compartments of term placentas. IL-1a levels were detected in the
homogenates of amnion (Am) and chorion (Ch) tissues, and in the homogenates of subchorionic (SubCh), mid-placenta (MidPla) and decidua
(Dec), following 10 hours of perfusion with medium alone or medium containing LPS (1 pg/kg). Results are expressed as mean + SD.
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Figure 3
Effect of LPS on the expression levels of IL-1a in fetal and maternal compartments of preterm placentas. IL-10 levels were detected
in the homogenates of amnion (Am) and chorion (Ch) tissues, and in the homogenates of subchorionic (SubCh), mid-placenta (MidPla) and
decidua (Dec), following 10 hours of perfusion with medium alone or medium containing LPS (1 pg/kg). Results are expressed as mean + SD.

placental tissues differently. In addition, LPS distinctly
affects IL-1a production by the different compartments of
term placentas. The levels of IL-1a were higher in the
chorion and amnion of both term and preterm placentas, as
compared to other placental compartments. These results
suggest the possible involvement of IL-1a, as a paracrine
factor (intracellular or membrane-associated) of the pla-

cental tissues, in the process of initiation of labor. The
increased levels in the preterm placental tissues could be a
result of the preterm process or as a signal inducing this
process. The significantly high levels of IL-10, mainly in
the chorionic tissues, may indicate a key role of this com-
partment in the process of parturition, and specifically in
preterm labor.
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Figure 4
Localization of IL-10 in the fetal and maternal compartments of term and preterm placentas. Immunohistochemical staining of IL-1a
in the epithelial cells (ep) of the amnion tissue (Am), and in the fibroblasts (fb) and macrophages (mac) of the chorion tissue (Ch) (Figure A). In
the other placental sites: subchorionic and mid-placenta (B), and decidua (C), IL-la was expressed mainly in cytotrophoblasts (cyt),
syncytotrophoblasts (syn) and decidual cells (dec) respectively. Negative controls (D).

Magnification of the slides was x 200.

On the other hand, LPS did not significantly induce any
compartment of preterm placental tissues to produce IL-
1a, although IL-1a was significantly increased in decidual
tissue attached to the placenta and decreased the mid-
placental tissues of term placentas. We suggest that IL-1a,
in preterm placental tissues, might have been presenting
under maximal (optimal) expression, and therefore stimu-
lation with LPS did not affect this expression. However, in
term placentas, the levels of IL-1a are basal (low). On the
other hand, the only placental compartments which were
affected by LPS were decidua and mid-placental tissues.
Decidual tissue contains macrophages and therefore, it
responded to LPS by increasing IL-1a production. These
results are in harmony with other studies showing strong
IL-1 production by decidual macrophages [37]. As this
compartment has low IL-1a levels, it may be speculated
that placenta needs to be more mature in order to be
involved in cytokine production. Since IL-1a could be
expressed as a membrane-associated molecule, it is pos-
sible that this form of IL-1 may be secreted into the pla-
cental microenvironment after LPS induction (in our case
into the perfusate, which is now under examination).
Therefore, after the shedding of this membrane-associated
IL-1, we could not find any induced levels in all placental
compartment tissues. Indeed, in vitro studies have demon-
strated an increased secretion of various pro-inflammatory

cytokines such as IL-1, IL-6 and TNF by LPS-stimulated
decidual explants and cells [38]. It has been previously
reported and suggested that microorganisms, or their prod-
ucts, may enter the feto-maternal compartment and recruit
the decidual macrophages that produce inflammatory cy-
tokines [6]. In the present study, we have shown that not
only was decidual tissue (maternal compartment) induced
by LPS to increase IL-1a production, but the mid-placental
tissue (fetal compartment) was too. The capacity of pla-
cental tissues to produce IL-la in selected parts of the
placenta, under infection conditions, may indicate the pos-
sible involvement of IL-1a in the preterm labor process
related to infection. IL-1a could affect placental tissue
activity directly or indirectly through the induction of
various pro-inflammatory cytokines such as growth fac-
tors, adhesion molecules, cytokine receptors, acute phase
protein and prostaglandins. Recently, IL-1 was demon-
strated to induce COX-2 gene expression and prostaglan-
din synthesis in various cultured cells and placental tissue
explants [39, 40]. In addition, stimulation of amnion cells
with IL-1a increased their capacity to produce PGE2,
which promotes uterine contractions [41-43]. Also, IL-1ra
was shown to reduce IL-1-induced prostaglandin biosyn-
thesis by human amnion and chorion and prevent IL-1-
induced preterm parturition in mice [33, 44].
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Our results may also indicate that the source of IL-10 and
other cytokines in the amniotic fluid (which is in close
contact with chorion, amnion and decidual tissues), could
be these placental compartments themselves.

Our immunohistochemical studies support our suggestion
that the cellular origins of IL-1 in the placental tissues are
the trophoblasts, syncytotrophoblasts, endothelial cells
and stromal cells, in addition to decidual cells.

Both IL-1a and IL-1 have been demonstrated in endome-
trial macrophages and endothelial cells [45-47]. In addi-
tion, high levels of these cytokines in conditioned media of
cultured embryos correlated with successful implantation
[46, 47].

Thus, the results demonstrate IL-1RI expression in the
maternal-embryonic interface [34]. This may suggest a
possible key role of the IL-1 system (produced by both
fetal and maternal compartments) in the regulation of
normal and pathological pregnancy, and parturition.
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