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A B S T R A C T

Preeclampsia is a pregnancy disorder characterized by imbalance between pro- and anti-inflammatory cytokines
associated with high plasma levels of uric acid and Interleukin-1 beta (IL-1β). The inflammasome is a protein
complex that mediates innate immune responses via caspase-1 activation promoting secretion of IL-1β and IL-18
in their active forms, and also release of the high-mobility group box 1 protein (HMGB1). As the placenta seems
to play an important role in the pathogenesis of PE, the present study investigated the expression of genes and
proteins related to the inflammasome in placentas from pregnant women with severe preeclampsia. Placental
tissue was collected from 20 normotensive pregnant women and 20 preeclamptic women, and inflammasome
components, NLRP3 (NOD-like receptor family, pyrin domain-containing protein 3), caspase-1, IL-1β and IL-18,
as well as tumor necrosis factor-alpha (TNF-α) and HMGB1 were evaluated by immunohistochemistry, enzyme-
linked immunosorbent assay (ELISA) and also quantified by reverse transcription-qPCR (RT-qPCR). Compared
with normotensive pregnant women, placenta from women with PE showed a significant increase in NLRP3,
caspase-1, IL-1β, TNF-α and HMGB1 mRNA. Immunohistochemical staining of NLRP3, caspase-1, IL-1β and
TNF-α in placental villi, as well as the levels of caspase-1, IL-1β, TNF-α and HMGB1 in placental homogenate
were significantly higher in the preeclamptic group than in the normotensive group. However, mRNA expression
of IL-18 and its protein concentrations were lower in placentas from preeclamptic women. The results suggest
that placentas from pregnant women with preeclampsia show higher expression of NLRP3 inflammasome, which
may be involved in the exaggerated inflammatory state in preeclampsia.

1. Introduction

Preeclampsia (PE) is an important cause of perinatal morbidity and
mortality that affects between 2% and 8% of pregnancies (Duley, 2003;
Kane et al., 2014) and is responsible for high maternal mortality in
developing countries (Ghulmiyyah and Sibai, 2012). It is a multi-
systemic disorder with

a clinical diagnosis based on the development of hypertension (BP
≥140 × 90 mmHg) and proteinuria (≥300 mg/24 h) that occurs from
the 20th week of pregnancy on (NHBPEP, 2000; De Oliveira et al.,
2010). Although the etiology of PE is not well understood, it is thought
to be primarily associated with poor placentation, excessive maternal
systemic inflammation and endothelial dysfunction (Redman and
Sargent, 2009; Cheng and Sharma, 2016).

Abnormal placentation is considered to be the primary cause of
placental hypoxia/ischemia, which leads to the release of numerous

factors into the maternal circulation generating oxidative stress, a local
inflammatory response and anti-angiogenic factor production. These
products activate several pathways that contribute to clinical manifes-
tations and disease progression (George and Granger, 2011; Warrington
et al., 2013). Thus, the placenta seems to play a fundamental role in the
development of PE.

In preeclamptic patients, excessive production of proinflammatory
cytokines (Luppi and Deloia, 2006; Peraçoli et al., 2007; Raghupathy,
2013), deficient production of the regulatory cytokine Interleukin-10
(IL-10) in the placenta (Makris et al., 2006; Weel et al., 2016) and lower
concentrations of IL-10 in the circulation or produced endogenously by
monocytes from peripheral blood (Peraçoli et al., 2013; Cristofalo
et al.,2013) have been reported. Also, a strong association between
plasma levels of uric acid and IL-1β has been reported in severe cases of
PE (Peraçoli et al., 2013), suggesting that high levels of uric acid in the
plasma of patients with PE may be related to the pathogenesis of PE by
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promoting the inflammatory response (Bainbridge and Roberts, 2008).
Furthermore, Mulla et al. (2011) demonstrated that uric acid acts as a
danger-associated molecular pattern (DAMP) and activates the in-
flammasome in the trophoblast cells, leading to IL-1β secretion.

The inflammasome is a protein complex that mediates innate im-
mune response via caspase-1 activation (Guo et al., 2015), which pro-
motes the secretion of the pro-inflammatory cytokines IL-1β and IL-18,
and also the release of the high-mobility group box 1 protein (HMGB1)
(Schroder and Tschopp, 2010; Gross et al., 2011). The inflammasome is
initially activated when the pattern-recognition receptors (PRRs), such
as nucleotide oligomerization domain (NOD)-like receptors (NLRs),
recognize the pathogen-associated molecular patterns (PAMPs) or en-
dogenous products of host cells, also named danger-associated mole-
cular patterns (DAMPs) (Guo et al., 2015). Oligomerization of nucleo-
tide-binding domain and leucine-rich repeat pyrin domain containing
protein-3 (NLRP3) inflammasomes bind to the inactive precursor form
the caspase-1 enzyme, which becomes active and cleaves pro-IL-1β,
resulting in biologically active IL-1β generation that is subsequently
secreted into the extracellular medium (Pétrilli et al., 2007; Franchi
et al., 2009).

High-mobility group box 1 protein (HMGB1) was originally de-
scribed as a nuclear protein present in almost all cell types (Yang et al.,
2013). When HMGB1 is released from cells into the extracellular en-
vironment following necrotic cell death, it acts as a proinflammatory
mediator (Chen et al., 2016) and may contribute to the development of
inflammatory responses in PE (Zhu et al., 2015). It has been suggested
that HMGB1 may be involved in the pathogenesis of PE due to its higher
expression in syncytiotrophoblast and in maternal serum from women
with severe PE (Zhu et al., 2015).

There is scant available information on the role of inflammasomes
in PE. A potential involvement of the inflammasome in PE is hy-
pothesized as metabolites such as acid uric and reactive oxygen species
(ROS) could be considered danger signals driving inflammation (Khan
and Hay, 2015). In a recent study, we demonstrated that mRNA ex-
pression of NLRP3, caspase-1, IL-1β and TNF-α by monocytes stimu-
lated or unstimulated with monosodium urate (MSU) was significantly
higher in preeclamptic women than in normotensive pregnant women.
Also, monocytes from women with PE produced higher endogenous
levels of IL-1β and TNF-α compared with the normotensive group,
suggesting that uric acid plays a role in NLRP3 inflammasome activa-
tion contributing to the pathogenesis of PE (Matias et al., 2015).

Considering that the placenta seems to play an important role in the
pathogenesis of PE, this study intended to investigate if there is acti-
vation of the inflammasome in the placentas of pregnant women with
PE by evaluating gene and protein expression of NLRP3, caspase-1, IL-
1β and IL-18, as well as TNF-α and HMGB 1 in placental tissue.

2. Materials and methods

2.1. Subjects

Placentas were collected from 40 women with singleton pregnancies
who delivered by elective cesarean section at the Obstetric Unit of
Botucatu Medical School, Botucatu, SP, Brazil between March 2013 and
December 2014. Twenty placentas were obtained from normotensive
(NT) healthy pregnant women (controls) without hypertension-related
complications who delivered at term (≥37 weeks gestation), and 20
placentas were collected from preeclamptic women with gestational
age from 28 to 39 weeks. Placentas were collected by elective cesarean
section, in the absence of delivery labor, for normotensive and pre-
eclamptic groups. Gestational age of the groups was calculated from the
last menstrual period and confirmed by early (< 12 weeks gestation)
ultrasound examination. Preeclampsia was defined as blood pressure
≥140/90 mmHg evaluated on two occasions 2 h apart after 20 weeks
of gestation and proteinuria of ≥300 mg/24 h in women with no pre-
vious history of hypertension (ACOG, 2002). Proteinuria in 24-h urine

was measured by the Technicon RAXT automation system, and uric acid
was assessed by uric acid enzymatic Trinder (Biotrol Diagnostic,
Bridgewater, NJ, USA) in the Clinical Laboratory of Botucatu Medical
School, Botucatu, SP, Brazil. Diagnosis of severe PE was considered
when there was the presence of the following criteria: systolic blood
pressure 160 × 110 mmHg, proteinuria ≥ 2 g in 24 h-urine collection,
expression of imminent eclampsia, eclampsia, HELLP syndrome or
acute pulmonary edema (NHBPEP, 2000). Exclusion criteria included
prioe PE, pregnant women in labor, premature rupture of membranes,
illicit drug use, and preexisting medical conditions such as diabetes,
chronic hypertension infectious and renal diseases. The study was ap-
proved by the Ethics Committee of the Botucatu Medical School, and
written informed consent was obtained from all women involved in the
study. (CAAE Protocol number 349847). For pregnant women below 18
years of age, written informed consent was obtained from their parents
or guardians.

2.2. Sample collection and preparation

All placentas from preeclamptic and normotensive pregnant women
were delivered by cesarean section, without labor and were examined
macroscopically and processed within 10 min of delivery. The tissues
were obtained by cutting a vertical plane through the full thickness
including the fetal and maternal surfaces. Tissues with calcification or
clots were avoided. Samples of approximately 2 g of placental tissue
were taken and used for immunohistochemical analysis, enzyme-linked
immunosorbent assay (ELISA) determination and reverse transcription-
quantitative real time polymerase chain reaction (RT-qPCR) evaluation.

2.3. Immunohistochemical analysis of placental tissues

Protein expression of NLRP3, caspase-1, IL-1β, IL-18, TNF-α and
HMGB-1 was evaluated. Placental tissues embedded in paraffin were
sectioned into 4-μm-thick slices and placed on histologic slides pre-
treated with Vectabond (Vector Laboratories Inc., Burlingame, CA,
USA). Deparaffinization, rehydration and antigen recovery of the ma-
terial was achieved using Trilogy buffer (Cell Marque Co, Rocklin, CA,
USA) in a pressure cooker (Cell Marque) for 15 min. Then, sections
were washed with phosphate buffered saline (PBS, pH 7.2), and treated
with Peroxide Block (Cell Marque) for 10 min to block endogenous
peroxidase and washed by successive baths in distilled water and PBS.
The background was blocked using Background Block (Cell Marque) for
10 min followed by washes in distilled water and PBS. After blocking,
sections were incubated for 60 min at 37 °C with antigen-specific pri-
mary anti-human antibodies. The concentrations of the antibodies were
previously standardized using normal and preeclamptic placentas. The
following antibodies with respective dilutions were used: rabbit poly-
clonal anti-NLRP3 (1/250), anti-IL-1β (1/50), anti-caspase 1 (1/50)
(Novus Biologicals, Littleton, CO, USA), anti-IL-18 (1/100), anti-TNF-α
(1/60) and anti-HMGB-1 (1/250) (Abcam Inc., Cambridge, MA, USA)
diluted in antibody diluent (Cell Marque). After incubation, sections
were washed in PBS and subjected to the action of signal amplifier for
rabbit antibodies (Cell Marque) for 10 min at 37 °C. A polymer detector
for rabbit antibodies (Cell Marque) was used for detection of primary
antibody with incubation for 10 min at 37 °C. After this step, sections
were washed in PBS and incubated for 5 min in revealing solution
containing 10 mg diaminobenzidine (DAB), 0.2% hydrogen peroxide
(H2O2), 20 mM Trizma base and 1N HCl (Sigma). Sections were coun-
terstained with Harris hematoxylin (Cell Marque) for 20 s, and then
bathed in running water. Dehydration was performed in sequential
absolute ethanol baths of 90%, 80% and 70% alcohol, cleared in xylene
(four baths) and mounted with coverslips containing Permount (Fisher
Scientific, Fair Lawn, NJ, USA). To conduct the negative control reac-
tion, primary antibody was replaced with a rabbit serum negative
control (Cell Marque) containing the immunoglobulin isotype similar to
the primary antibody used.
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The expression of cytokines was identified in placental sections by
an optical microscope (Olympus CX-31) with 10X ocular and 10, 20 and
40X objectives. Five random fields were photographed in every section
of placenta with a 20X objective, and were analyzed by employing the
NIH-Image J software. The quantitative assessment of the positive
protein staining was quantified by using Hematoxylin and 3,3′-
Diaminobenzidine (H DAB) vector to quantify the brown color. The
hematoxylin and background staining was subtracted from the quan-
tification and the results of the protein analyzed was obtained in pixels/
um/area.

2.4. Preparation of placental homogenates

To prepare placental homogenates, placental tissues were washed
five times in ice-cold PBS to remove remaining blood. After this, 2 g of
tissue was placed into a homogenate plastic tube containing 10 mL of
ice-cold PBS and protease inhibitors (complete protease inhibitor
cocktail; Sigma-Aldrich, St. Louis, MO, USA). The tissue was fully
homogenized with a Powergen homogenizer (Fisher Scientific,
Pittsburg, PA, USA) for 30 s on ice. Homogenates were centrifuged at
12,000g for 20 min at 4 °C. The supernatant was collected, filtered
through a 0.22 μmMillipore membrane, aliquoted and stored at−80 °C
until required for cytokine (IL-1β, IL-18, TNF-α and HMGB1) and cas-
pase-1 determination.

2.5. ELISA quantification

Concentrations of caspase 1, IL-1β, IL-18, TNF-α and HMGB1 in
placental homogenates were determined by enzyme-linked im-
munosorbent assay (ELISA). Quantikine ELISA kits (R & D Systems,
Minneapolis, MN, USA) were employed for human caspase-1, IL-1β and
TNF-α determination according to the manufacturer’s instructions.
Assay sensitivity limits were 1.24 pg/ml for caspase-1, 1.0 pg/ml for IL-
1β and 5.5 pg/ml for TNF-α. Interleukin-18 was evaluated by a quan-
titative ELISA test kit for human IL-18 (MBL-Medical & Biological
Laboratories, Nagoya, Japan) with a sensitivity of 12.5 pg/ml, and
HMGB1 was determined by an HMGB1 ELISA Kit (IBL Internacional −
Shino Test, Hamburg, Germany), with a sensitivity of 0.1 ng/ml.
Results were expressed as pg or ng/g of placental tissue.

2.6. Evaluation of the expression of transcripts related to inflammation

The placentas from normotensive and preeclamptic women were
analyzed by expression of the genes encoding the proteins NLRP3,
caspase-1, IL-1β, IL-18, TNF-α and HMGB-1 at the transcriptional level.
Total RNA was extracted from the placentas using the Total RNA
Purification Kit (Norgen Biotek Corp., Thorold, Canada) according to
the manufacturer's protocol. After extraction, to ensure complete re-
moval of genomic DNA, 1 μg of total RNA was incubated with DNAse I
Amp Grade (Invitrogen). The purity and relative quality of all samples
of total RNA obtained were determined by fluorometry using the
equipment Qubit® Fluorometric Quantitation (Life Technologies).
Subsequently, the synthesis of complementary DNA (cDNA) for per-
forming the polymerase chain reaction coupled reverse transcription

(Reverse Transcription-coupled polymerase chain reaction − RT-PCR)
was conducted with 450 ng of total RNA in 60 μL reaction using
ImProm- IITM Reverse Transcription System, according to manufac-
turer's protocol.

The quantification of gene expression of NLRP1, NLRP3, caspase-1,
IL-1β, IL-18 and TNF-α was made using GoTaq®-qPCR Master Mix
(Promega, Madison, WI, USA). The device used was 7500 Fast Real
Time PCR Systems (Applied Biosystems, USA).

The variants of the targets studied were aligned in the MEGA 5.1
program and subsequently each primer was selected by the software
Primer-BLAST. Primers located in exon–exon junction guarantee the
purity of the reaction, namely the absence of any genomic DNA that
may contaminate it. The primer sequences used in this study are in
Table 1.

Each reaction was set in duplicate in a total of 20 μL each, which
contains 0,3 μM of each primer (forward and reverse), 2 μL of cDNA,
10 μL of master mix and 6,8 μL of nuclease-free water. Additionally,
was inserted a control, also in duplicate, which was included in each
reaction in order to prove that there is no contamination. The condi-
tions for the RT-qPCR reactions were: initial denaturation at 96 °C for
2 min and then 40 cycles at 95 °C for 15 s and 60 °C for 60s, followed by
a melting curve. The amplification of each particular transcript was
confirmed by melting curve generated profile of the end of each reac-
tion.

Expression values of the analyzed transcripts were normalized based
on the concurrent analysis of the expression of the enzyme encoding
glyceraldehyde-3-phosphate dehydrogenase gene (GAPDH). The cal-
culation of the differential expression of selected genes was carried out
by the data processing method compared to a standard curve (Larionov
et al., 2005). All conditions, including GAPDH for each sample and the
negative control reaction (No Template Control − NTC, absence of
RNA) were analyzed in duplicates. To analyze the relative expression,
after the analysis of gene expression, we chose an RNA sample obtained
from each group, which received the relative value of 100. All other
samples received values for that sample.

2.7. Statistical analysis

Statistical analyses for age, gestational age, blood pressure, protei-
nuria and uric acid, as well as gene expression and protein concentra-
tions, were performed employing the Mann-Whitney U nonparametric
test using the Prism Statistical software 9 version 6.01 (GraphPad San
Diego, Calif., USA). Differences between the groups studied were con-
sidered statistically significant when the P value was<0.05.

3. Results

3.1. Subject characteristics

Subject characteristics of all cases enrolled in this study are shown
in Table 2. Maternal age was similar in the two groups evaluated. The
gestational age at delivery was significantly lower in women with PE
compared with NT pregnant women. Blood pressure values, proteinuria
and uric acid levels were significantly higher while placental weight

Table 1
Primers for NLRP3, Caspase-1, IL-1β, IL-18, TNF-α, HMGB1 and GAPDH.

Gene Forward primer Reverse primer GenBank

NLRP3 (2826)GAGGAAAAGGAAGGCCGACA(2845) (2917)TGGCTGTTCACCAATCCATGA(2897) NM_004895.4
Caspase1 (1065)AGACATCCCACAATGGGCTC(1084) (1172)TGAAAATCGAACCTTGCGGAAA(1151) NM_033292.3
IL-1β (544)GAGCAACAAGTGGTGTTCTCC(564) (653)AACACGCAGGACAGGTACAG(634) NM_000576.2
IL-18 (438)ACTGTAGAGATAATGCACCCCG(459) (517)AGTTACAGCCATACCTCTAGGC(496) NM_001562.3
TNF-α (325)GCTGCACTTTGGAGTGATCG(344) (462)GGGTTTGCTACAACATGGGC(443) NM_000594.3
HMGB1 (1404)TACGAAAAGGATATTGCTGC(1423) (1505)CTCCTCTTCCTTCTTTTTCTTG(1484) NM_001313893.1
GAPDH (684)CGTGGAAGGACTCATGACCA(703) (801)GGCAGGGATGATGTTCTGGA(782) NM_002046.4

I. C.Weel et al. Journal of Reproductive Immunology 123 (2017) 40–47

42



was significantly lower in the preeclamptic group than in the NT group.
All the preeclamptic women involved in the study showed severe forms
of the disease, characterized by proteinuria ≥ 2 g in 24 h-urine col-
lection (60%), blood pressure ≥ 160 × 110 mmHg (75%), signals of
imminent eclampsia (50%) and eclampsia (10%). Several patients de-
veloped association between two or more of these signals of disease
severity.

3.2. Immunohistochemical analysis of NLRP3, caspase-1, IL-1β, IL-18,
TNF-α and HMGB1 in placental tissues

According to our analysis, NLRP3, caspase-1, IL-1β, TNF-α, HMGB1

and IL-18 proteins were expressed by syncytiotrophoblast, stromal cells
and also by endothelial cells of the fetal capillaries as shown in Figs. 1
and 2.

All proteins evaluated showed the same localization in the two
groups studied. However, differences in terms of the immunostaining
intensity were found, and were quantified using the software Image J.
The intensity of NLRP3, caspase-1 and IL-1β expression was sig-
nificantly higher in the placentas of preeclamptic patients than in pla-
centas of the NT group (Fig. 1A–I). Fig. 2 shows that the im-
munostaining intensity of TNF-α was stronger in placental tissue of
preeclamptic women than in NT pregnant women (Fig. 2A). On the
other hand, the staining of IL-18 was significantly lower in placentas of
preeclamptic patients compared with those of NT pregnant women
(Fig. 2D), while no significant differences were detected between the
groups in relation to HMGB1 protein expression (Fig. 2G,H).

3.3. Caspase-1, IL-1β, IL-18, TNF-α and HMGB1 detected in placental
homogenate

Proteins related to inflammasome and to inflammatory responses
were detected in placental homogenate by ELISA. Concentrations of
caspase-1, IL-1β, TNF-α and HMGB1 were significantly higher in the
preeclamptic group when compared with the NT group. However, the
levels of IL-18 in placental homogenate were lower in preeclamptic
patients than in the NT pregnant women (Table 3).

Table 2
Clinical characteristics of the study population.

Characteristics Preeclampsia (n = 20) Normotensive (n = 20)

Age (years) 27.5 (15–41) 27 (17–37)
Gestational age (weeks) 33 (28–39)* 39 (37–40)
Systolic blood pressure

(mmHg)
165 (140–220)* 110 (103–120)

Diastolic blood pressure
(mmHg)

110 (95–120)* 80 (63–80)

Proteinuria (mg/24 h) 3120 (320–22,520)* < 300
Uric acid (mg/dl) 6.6 (4.3–10.1)* 3.9 (2.2–4.7)
Placental weight (g) 270.5 (200–625)* 502 (335–618)

Results are expressed as medians and ranges.

Fig. 1. Immunohistochemical staining for NLP3, caspase-1 and IL-1β in placenta from 20 women with preeclampsia (PE) (A, D, G) and from 20 normotensive (NT) pregnant women (B, E,
H).
Quantitative analysis of NLRP3 (C), caspase-1 (F) and IL-1β (I) expression by placental tissues from 20 women with preeclampsia (PE) and from 20 normotensive (NT) pregnant women.
Results are represented in pixels/mm and are expressed as median (horizontal line), 25th and 75th percentile (box) and range (wiskers). *(p<0.05) vs normotensive group (Mann
Whitney U test).
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3.4. Expression of genes related to inflammation in placental tissue

Expression of NLRP3, caspase-1, IL-1β, TNF-α and HMGB1 mRNA
was significantly higher in placental tissue from pregnant women with
PE compared with the normotensive pregnant group as shown in
Fig. 3A–C, E and F respectively. On the contrary, lower gene expression
of IL-18 was detected in placentas from the preeclamptic group than in
those from the NT group (Fig. 3D).

4. Discussion

The results of the present study showed higher basal expression of
NLRP3 inflammasome in placenta of the third trimester of gestation
from preeclamptic women demonstrated by higher expression of mRNA
for NLRP3, caspase-1 and IL-1β, and their protein expression in pla-
cental villi detected by immunohistochemical analysis. Increased levels

Fig. 2. Immunohistochemical staining for TNF-a, IL-18 and HMGB1 in placentas from 20 women with preeclampsia (PE) (A, D, G) and from 20 normotensive (NT) pregnant women (B, E,
H). No staining was observed with an isotype matched control in placental tissue from women with PE (J) and normotensive pregnant women (L).
Quantitative analysis of TNF-α (C), IL-18 (F) and HMGB1 (I) expression by placental tissues from 20 women with preeclampsia (PE) and from 20 normotensive (NT) pregnant women.
Results are represented in pixels/mm and are expressed as median (horizontal line), 25th and 75th percentile (box) and range (wiskers). *(p<0.05) vs normotensive group (Mann
Whitney U test).

Table 3
Concentrations of caspase-1, IL-1β, IL-18, TNF-α and HMGB1 in placental homogenates
from women with preeclampsia and from normotensive pregnant women.

Parameters Preeclampsia (n = 20) Normotensive (n = 20)

Caspase-1 1536.10* (873.76–2654.60) 1097.50 (747.67–1369.24)
IL-1β 100.62* (59.48–292.01) 64.28 (24.0–111.33)
IL-18 1139.20* (607.06–1635.30) 1538.90 (436.82–1885.06)
TNF-α 21.39* (13.09–36.93) 10.11 (5.04–17.59)
HMGB1 18.15 (10.17–45.64) 10.60* (8.52–20.48)

Results are expressed as medians and ranges. Data of Caspase-1, IL-1β, IL-18 and TNF-α
are represented in pg/g of placental tissue, and data of HMGB1 are represented in ng/g of
placental tissue.

* (p < 0.05) vs normotensive group (Mann-Whitney U test).
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of caspase-1, IL-1β, TNF-α and HMGB1 were also detected in the pla-
cental homogenates of women with PE relative to those of NT pregnant
women.

Inflammasome studies in the placenta are scarce. To our knowledge,
this is the first report on inflammasome hyperactivity in placental tissue
from pregnant women with PE. The involvement of NLRP3 inflamma-
somes in placental immune defense was shown by Pontillo et al. (2013).
Stimulation of placental cell populations, such as human first trimester
cytotrophoblasts and decidual stromal cells, with lipopolysaccharide
(LPS), a common gram-negative compound, led to an augmented ex-
pression of caspase-1 and IL-1β, and the specific upregulation of
NLRP3. Previous studies employing cultures of human first trimester
villous trophoblasts and two trophoblast cell lines (Sw.71 and HTR-8/
SVneo) showed that monosodium urate acts as DAMP, promoting IL-1β
secretion via NLRP3-inflammasome activation, indicative of its proin-
flammatory effects. Inflammasome activation in trophoblast cells could
be a mechanism of inflammation induction at the maternal-fetal in-
terface that causes adverse pregnancy outcomes, including pre-
eclampsia (Mulla et al., 2011). Although we didn’t study inflammasome
in placenta of the first trimester, but from the third trimester, when PE
was established, we can imply that the placental milieu resultant from
syncytiotrophoblast activation by inflammatory cytokines and/or mi-
croparticles released by the injured and necrotic cells can activate the
inflammasome. We have recently showed high expression of the anti-
angiogenic factor fms-like tyrosine-kinase-1 (Flt-1) in syncytial knots of
placental villi as well as high TNF-α expression in syncytiotrophoblast

of placenta from preeclamptic women (Weel et al., 2016). The results
suggest that this anti-angiogenic factor and other inflammatory mole-
cules, such as inflammatory cytokines, synthesized by syncytiotropho-
blast may induce higher inflammasome expression in the placental
tissue.

Higher expression of TNF-α and IL-1β in placental villi and in-
creased levels of these cytokines in placental homogenates from pre-
eclamptic women demonstrated in the present study are in accordance
with previous studies suggesting that ischemia and hypoxia, resulting
from the inappropriate trophoblast invasion, lead to overexpression and
increased production of proinflammatory cytokines in placentas from
pregnant women with PE (Hung et al., 2004; Raghupathy, 2013). An
association between higher levels of TNF-α and NLRP3 activation was
detected in peripheral blood monocytes from preeclamptic women,
both stimulated and unstimulated with monosodium urate (Matias
et al., 2015), suggesting the involvement of this inflammatory cytokine
in inflammasome induction. A recent in vitro study demonstrated that
the stimulation of a lineage of 3T3-LI mouse adipocytes with TNF-α
induced mRNA expression of NLRP3 detected as early as one hour after
stimulation, suggesting that the Nlrp3 gene is an immediate gene re-
sponsive to TNF− α in these cells (Furuoka et al., 2016).

The molecular mechanism involved in placental NLRP3 activation
in PE is unknown. It has been proposed that the excessive or in-
appropriate inflammatory response observed in PE may have its origin
in the placenta. A potential mechanism in PE is the shedding of syn-
cytiotrophoblast micro-vesicles and nano-vesicles from the placenta

Fig. 3. Gene expression of NLRP3 (A), caspase-1 (B),
IL-1β (C), IL-18 (D) TNF-α (E) and HMGB1 (F) in
placental tissues from 20 women with preeclampsia
(PE) and from 20 normotensive (NT) pregnant
women. Results are expressed as median (horizontal
line), 25th and 75th percentile (box) and range
(wiskers). *(p < 0.05) vs normotensive group
(Mann Whitney U test).
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into the maternal circulation exerting proinflammatory, antiendothelial
and procoagulant activity in vitro, all of which are features of the ma-
ternal syndrome (Sargent et al., 2003; Chen et al., 2016). It is con-
ceivable that these microparticles can act as DAMPs that induce hy-
peractive inflammasome activity resulting in the exaggerated
inflammatory state in PE (Khan and Hay, 2015). DAMPs are released
from injured tissues and stressed or necrotic cells, and include degraded
extracellular matrix components, heat shock proteins, HMGB1 protein
and nucleic acids, among others. In PE, many such DAMPs are known to
contribute to both local placental inflammation and to systemic in-
flammation and endothelial dysfunction. As in PE syncytiotrophoblast
is subjected to oxidative and inflammatory stress, inflammatory mole-
cules such as Hsp70, HMGB1, Galectin 3 and Synctin 1 are carried by
the microvesicles (Ivernsen, 2013) and may act as DAMPs both in the
placenta and peripheral blood mononuclear cells in patients with PE.

HMGB1 has been shown to be involved in the pathogenesis of sev-
eral inflammatory diseases by acting as a critical mediator during in-
fection and sterile injury (Andersson and Tracey, 2011; Yang et al.,
2013). The present study showed significantly higher expression of
mRNA and elevated levels of HMGB1 in placental tissues from pre-
eclamptic women compared with those from the NT group. These re-
sults are in line with other recent studies in the literature showing in-
creased mRNA levels of HMGB1 in placentas from women with severe
PE, and its higher protein levels in maternal serum (Zhu et al., 2015).
Chen et al. (2016) reported that protein expression of HMGB1 was
significantly increased in syncytiotrophoblast from placenta of both
severe and early-onset PE compared with normotensive pregnancies.

In the present study, IL-18 mRNA and cytokine expression in pla-
centa were significantly lower in pregnant women with PE than in the
NT control group. Similar results were previously reported by Liu et al.
(2011) showing decreased levels of IL-18, indoleamine 2,3-dioxigenase
(IDO) and forkhead box P3 (FoxP3) mRNA in placenta from pre-
eclamptic women compared with healthy pregnant women. According
to the authors the down-regulation of IDO in PE may be partly influ-
enced by IL-18 and result in maladaptation of maternal tolerance and is
potentially a novel mechanism in the pathogenesis of PE. Furthermore,
low expression of IL-18 in preeclamptic placenta might be attributed to
a regulatory effect exerted by IL-18 binding protein (IL-18BP), an in-
hibitory molecule of IL-1 family regulatory proteins (Dinarello et al.,
2013). This molecule is expressed by syncytiotrophoblast layer and is
upregulated in placenta from pregnant women with PE compared to
normal pregnancies, and acts as anti-inflammatory factor, suggesting
that placental mechanisms are down-regulating excessive systemic in-
flammation in PE (Southcombe et al., 2015).

5. Conclusion

Together, our results demonstrated that placentas from pregnant
women with severe forms of PE show higher expression of NLRP3 in-
flammasome, caspase-1, IL-1β, TNF-α and HMGB1. These results sug-
gest that this inflammatory complex is involved in the pathogenesis of
preeclampsia. The factors involved in placental inflammasome activa-
tion and the mechanisms for its control are the subject of future studies
in our laboratory.
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