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Abstract

Background/Aims: Serum amyloid A (SAA) is an acute phase reactant with significant immunological activities, including
effects on cytokine synthesis and neutrophil chemotaxis. Neutrophils can also release cytokines with proinflammatory
propetrties. IL-1B is a key proinflammatory cytokine, the secretion of which is controlled by inflammasome. We investigated
the proinflammatory effects of SAA in vitro in relation to the NLRP3 inflammasome in neutrophils.

Methodology/Principal Findings: Human neutrophils isolated form healthy subjects were stimulated with serum amyloid A
(SAA). The cellular supernatants were analyzed by western blot using anti-IL-1B or anti-caspase-1 antibodies. IL-18 or Nod-
like receptor family, pyrin domain containing 3 (NLRP3) mRNA expressions were analyzed by real-time PCR or reverse
transcription-PCR (RT-PCR) method. SAA stimulation induced pro-IL-18 mRNA expression in neutrophils. Furthermore, SAA
engaged the caspase-1-activating inflammasome, resulting in the production of active IL-1B. SAA-induced pro-IL-13
expression was marginally suppressed by the Syk specific inhibitor, R406, and SAA-induced pro-IL-1B processing in
neutrophils was prevented by R406. Furthermore, SAA-induced NLRP3 mRNA expression was completely blocked by R406.
Analysis of intracellular signaling revealed that SAA stimulation activated the tyrosine kinase Syk and mitogen-activated
protein kinase (MAPK).

Conclusions/Significance: These results demonstrate that the innate neutrophil immune response against SAA involves a
two-step activation process: an initial signal promoting expression of pro-IL-18 and a second signal involving Syk-
dependent activation of the NLRP3 inflammasome and caspase-1, allowing processing of pro-IL-1pB and secretion of mature
IL-1B.
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Introduction 1, and an adaptor molecule [8,9]. The best characterized
inflammasome is NOD-like receptor Pyrin domain containing 3
(NLRP3), which can be activated by a diverse array of disease-
associated molecules [10]. It then oligomerizes with the adaptor
protein ASC (apoptosis-associated speck-like protein containing a
caspase recruitment domain) and caspase-1 to form the NLRP3
inflammasome, which processes pro-IL-1 to mature IL-1f [11].

Serum amyloid A (SAA) is a major acute phase protein
produced mainly in the liver, as a result of stimulation by
proinflammatory cytokines. SAA also possesses proinflammatory
properties that induce the release of cytokines from different cell
types, including monocytes [1,2]. Recent studies showed that SAA
induced the expression of pro-IL-1B and activated the NRLP3 The NLRP3 inflammasome is activated by various danger-
inflammasome, resulting in the secretion of mature IL-1f [3-5]. associated molecular patterns, including ATP, monosodium urate

IL-1B is a key proinflammatory cytokine with a central role in the (MSU) and aluminum adjuvant [12,13]. In addition to these
damaging inflammatory processes that accompany sterile disease

[6]. Caspase-1 is a key protease required for the processing of pro-
IL-1B, and its activation is regulated through recruitment to multi-
molecular scaffolds called inflammasomes [7]. Inflammasomes are
composed of a cytosolic pattern-recognition receptor, pro-caspase-

stimuli, the NLRP3 inflammasome is also activated by endogenous
stimuli including amyloid [14]. SAA exhibits significant immuno-
logical activity, including affecting the synthesis of several
cytokines, and chemotaxis in neutrophils [15,16]. It exerts many
of its immunological activities by binding to and activating cell
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surface receptors such as, formyl peptide receptor-likel (FPRLI)
[17,18]. SAA has also recently been shown to activate the
inflammasome cascade, thus highlighting its unique role in
immunomodulation [4,5]. The regulation of IL-1f processing
and secretion has been studied extensively in monocytes/
macrophages, but the molecular mechanisms leading to IL-1
maturation have not been addressed in neutrophils. We therefore
investigated this issue in order to improve our understanding of the
role of the inflammasome in the secretion of mature IL-1B by
neutrophils.

Materials and Methods

Reagents

Recombinant human SAA was purchased from Peprotech
(Rocky Hills, NJ). According to the manufacturer, the endotoxin
level of the product is 0.1 ng/mg protein. Anti- IL-1 (pro-IL-18,
3A6), anti-phosho-NF-kB p65 (Ser536) and anti-cleaved caspase-1
(D57A2) antibodies were purchased from Cell Signaling Technol-
ogy (Beverly, MA). Anti-phosphotyrosine (clone 4G10), anti-Syk
(clone4D10) and anti-caspase-1 antibodies were purchased from
MERCK MILLIPORE (Billerica, MA USA). Anti-cleaved IL-18
polyclonal antibody was purchased from My BioSource (San-
Diego, CA, USA). Caspase-1 ihibitor (Z-YVAD-FMK) was
obtained from Abcam (Cambridge, UK). A Syk inhibitor, R406,
was purchased from Selleckchem (Houston, Texas USA). Human
TL-1B ELISA kit was purchased from R&D systems (Minneapolis,
USA).

Neutrophils Isolation

Venous peripheral blood was collected from healthy volunteers.
All participating subjects had given their informed consent. The
blood was layered on a Polymorphprep TM (Axis-Shield, Oslo,
Norway) cushion and cells were isolated according to the
manufacturer’s protocol. Briefly, neutrophils were isolated on the
basis of density, washed once in 0.5 N RPMI-1640 to restore
osmolality, and then washed once more in RPMI-1640. The
PMNs were subsequently diluted in complete medium consisting
of RPMI-1640. The study was approved by the Ethics Committees
Nagasaki Medical Center and written informed consent was
obtained from each individuals.

Western Blot Analysis
Neutrophils (1x10° were seeded in 24-well plates containing
RPMI1640 supplemented with 10% heat-inactivated FBS and
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Figure 1. SAA induces the transcription of pro-IL-1p in human
neutrophils. Neutrophils were incubated with SAA (5 ug/ml) for the
indicated periods. The cells were harvested and analyzed for IL-1B and
GAPDH mRNA levels by real-time PCR. Values represent the mean = SD
of three independent experiments.
doi:10.1371/journal.pone.0096703.g001
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Figure 2. SAA induces mature IL-1 synthesis from neutrophils.
A Neutrophils were stimulated with the indicated concentrations of
SAA for 8 hr. After stimulation, supernatants were analyzed for IL-1B
production using ELISA. Values represent the mean * SD of two
independent experiments. *p<0.001 compared to SAA-untreated
neutrophils. B Neutrophils were stimulated with the indicated
concentrations of SAA for 8 hr. After stimulation, supernatants were
analyzed by western blot analysis for the presence of mature IL-1p.
Three experiments were performed using different neutrophils and a
representative result is shown.

doi:10.1371/journal.pone.0096703.g002

stimulated with SAA for 8 hours. Cell-free supernatants were
collected by centrifugation at 400 g for 5 minutes. The superna-
tants or cellular lysates (50 jig) were also subjected to 12% SDS-
PAGE, followed by western blot with antibodies against human
IL-1B or caspase-1 with an ECL Western blotting kit (Amersham,
Little Chalfont, UK).

Immunoprecipitation Analysis

Neutrophils were pretreated with or without R406 for 1 hr and
then stimulated with SAA (5 pg/ml) in serum-free condition. Cells
were washed with phosphate-buffered saline, and protein was
extracted using lysis buffer (50 mM HEPES, 150 mM NaCl, 1%
Triton X-100, 10% glycerol, 1 mM MgCl,, 1.5 mM EDTA, pH
8.0, 20 mM B-glycerophosphate, 50 mM NaF, 1 mM Na;VO,,
10 pg/ml aprotonin, 1 pM pepstatin A, and I mM phenylmethyl-
sulfonyl fluoride). After 5 min on ice, the cell lysates were
centrifuged at 16,000 g for 10 min at 4°C. The supernatant was
saved and the protein concentration was determined using the Bio-
Rad protein assay kit (Bio Rad, Hercules, CA). An identical
amount of protein (50 pg) for each lysate was subjected to 10%
SDS-polyacrylamide gel electrophoresis, and then transferred to a
nitrocellulose membrane. Western blot analysis using 4G10 (anti-
phosphotyrosine), or phospho-specific anti-ERK1/2, p38, JNKI1
antibodies (Cell Signaling Technology) was performed with an
ECL Western blotting kit (Amersham, Little Chalfont, UK).

For immunoprecipitation, the cellular lysates were incubated at
4°C with gentle rotation for 3 h in the presence of prewashed
protein-G sepharose beads (GE Healthcare, Uppsala, Sweden)
linked to an anti-Syk antibody. Protein-G sepharose beads which
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Figure 3. SAA-induced IL-1f processing is dependent on caspase-1. A Neutrophils were stimulated with SAA (5 pg/ml) in the presence or
absence of Z-YVAD-FMK for 8 h. After stimulation, supernatants were analyzed for IL-1B production using ELISA. Values represent the mean = SD of
two independent experiments. *p<<0.001 compared to SAA-stimulated neutrophils. B Neutrophils were stimulated with SAA (5 ug/ml) in the
presence or absence of Z-YVAD-FMK for 8 h. Supernatants were analyzed by western blot analysis for the presence of mature IL-1B. € Neutrophils
were stimulated with SAA (5 ug/ml) in the presence or absence of Z-YVAD-FMK for 8 h. Culture supernatants (SN) and cellular lysates (CL) were
analyzed by immunoblot using anti-caspase-1 Ab. Caspase-1 (p20, cleaved subunit; p45, precursor). Two experiments were performed using different

neutrophils and a representative result is shown.
doi:10.1371/journal.pone.0096703.g003

were then collected and washed three times with cold lysis buffer.
Laemmli’s sample buffer (50 pl) was added to the beads, which
were boiled for 7 min. The immunoprecipitants were subjected to
western blot analysis using 4G10 or anti-Syk antibody.

Reverse Transcription-Polymerase Chain Reaction (RT-
PCR)

Total RINA was extracted from neutrophils using the RNeasy
total RNA isolation protocol (Qiagen, Crauley, UK) according to
the manufacturer’s protocol. First-strand ¢cDNA was synthesized
from 1 ug of total cellular RNA using an RNA PCR kit (Takara

PLOS ONE | www.plosone.org

Bio Inc., Otsu, Japan) with random primers. Thereafter, cDNA
was amplified using specific primers respectively. The specific
primers used were as follows:

NLRP3: forward primer 5'- AAAGAGATGAGCCGAAGT-
GGG-3' reverse primer 5'- TCAATGCTGTCTTCCTGGCA-3'
B-actin; forward primer 5'-ACGTACATGGCTGGGGTGTTG-
3" reverse primer 5'-GACGAGGCCCAGAGCAAGAGAG-3'.

The product sizes were 79 bp for NLRP3 and 234 bp for B-
actin.

The thermocycling conditions (37 cycles) 95°C for 60 s and
63.5°C for 60 s, and 72°C for 60 s.
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Figure 4. Effects of R406 on the transcription of pro-IL-1f in
SAA-stimulated neutrophils. Neutrophils were pretreated or
untreated with the indicated concentrations of R406 for 1 hr. The cells
were stimulated with SAA (5 pg/ml) for 4 hr. The cells were harvested
and analyzed for IL-18 and GAPDH mRNA levels by real-time PCR.
Values represent the mean *+ SD of three independent experiments.
*p<<0.005 compared to SAA-stimulated neutrophils.
doi:10.1371/journal.pone.0096703.g004

The amplification of the IL-1Btranscripts was also accomplished
on a Light Cycler (Roche Diagnostics, Mannheim, Germany)
using specific primers. The housekeeping gene fragment of
glyceraldehydes-3-phosphates dehydrogenase (GAPDH) was used
for verification of equal loading.

Statistical Analysis

Differences between groups were examined for statistical
significance using Wilcoxon-Mann-Whitney U test. P values less
than 0.05 were considered statistically significance.

Results

SAA Activates IL-1B Transcription and Processing in
Human Neutrophils

We examined the proinflammatory cytokine response in human
neutrophils stimulated with SAA for different periods. Cells were
collected and total cellular RNA was extracted. Pro-IL-1f mRNA
expression was studied by real-time PCR. Transcription of the IL-
1B gene was strongly activated by SAA at 4 h of SAA stimulation,
and then downregulated at 8 h (Figure 1). The transcribed
immature IL-1B (pro-IL-1B) needs to be cleaved by caspase-1 to
activate secretion of active IL-1B. We investigated if stimulation
with SAA resulted in cleavage of pro-IL-1B by determining
secreted IL-1P levels in cell culture supernatants after activation by
SAA. SAA induced the appearance of the bioactive 17-kDa form
of IL-1B in cell culture supernatants, as determined by western
blot analysis (Figure 2). These data suggest that SAA triggers both
the transcription and secretion of mature IL-1f from neutrophils.
The cysteine protease caspase-1 processes pro-IL-1B to biologi-
cally active IL-1B [7]. To confirm whether SAA-induced mature
TL-1 secretion was dependent on caspase-1-mediated processing
of pro-IL-1B, IL-1B secretion was measured in neutrophils
activated by SAA in the presence of the specific caspase-1
inhibitor, Z-YVAD. Z-YVAD-FMK prevented SAA-induced IL-
1Bsecretion and pro-IL-1PBprocessing. Additionally Z-YVAD-
FMK inhibitor prevented the secretion of activated form of
caspase-1, p20, in SAA-stimulated neutrophils (Figure 3).
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Figure 5. Effects of R406 on SAA-induced IL-1B processing in
neutrophils. A Neutrophils were pretreated or untreated with the
indicated concentrations of R406 for 1 hr. The cells were stimulated
with SAA (5 ug/ml) for 8 hr. After stimulation, supernatants were
analyzed by western blot analysis for the presence of mature IL-1B.
Three experiments were performed using different neutrophils and a
representative result is shown. B Neutrophils were pretreated or
untreated with the indicated concentrations of R406 for 1 hr. The cells
were stimulated with SAA (5 ug/ml) for 8 hr. After stimulation, culture
supernatants (SN) and cellular lysates (CL) were analyzed by immuno-
blot using anti-caspase-1 Ab. Caspase-1 (p20, cleaved subunit; p45,
precursor). Three experiments were performed using different neutro-
phils and a representative result is shown.
doi:10.1371/journal.pone.0096703.g005

R406 Blocks SAA-induced Processing of Pro-IL-1f in

Neutrophils

Several lines of evidence suggest that inflammasome activators,
such as monosodium urate (MSU) and B-D-glucan, activate the
NLRP3 inflammasome via the spleen tyrosine kinase (Syk)
signaling pathway [19,20]. We determined if this signal transducer
was required for IL-1f production by analyzing the effects of a
specific small molecule Syk inhibitor, R406 [21]. R406 slightly
suppressed pro-IL-1B mRNA expression in response to SAA in
neutrophils (Figure 4). However, R406 blocked SAA-induced pro-
IL-1P processing in neutrophils (Figure 5A). R406 also suppressed
the formation of the activated form of caspase-1 p20 in SAA-
stimulated neutrophils (Figure 5B).

SAA Induces NLRP3 Expression in Neutrophils

Induction of NLRP3 expression is required for inflammasome
activation. We therefore examined the effects of SAA on NLRP3
expression in neutrophils. NLRPS mRINA expression was increased
at 4h in SAA-stimulated neutrophils (Figure 6A). The Syk
inhibitor R406 completely prevented SAA-induced NLRP3
mRNA expression in neutrophils (Figure 6B).

Effects of R406 on Tyrosine Phosphorylation Response
Induced by SAA

We explored the signaling pathway whereby SAA induces IL-1
production in neutrophils by examining changes in protein
phosphorylation profiles in SAA-activated neutrophils. Neutro-
phils were stimulated with SAA (5 pg/ml) for 20 min. The
reactions were stopped by cell lysis, and lysates were analyzed by
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Figure 6. Effects of R406 on the transcription of NLRP3 in SAA-
stimulated neutrophils. A Neutrophils were pretreated or untreated
with the indicated concentrations of R406 for 1 hr. The cells were
stimulated with SAA (5 pg/ml) for the indicated periods. The cells were
harvested and analyzed for NLRP3 mRNA by RT-PCR. B Neutrophils
were pretreated or untreated with the indicated concentrations of R406
for 1 hr. The cells were stimulated with SAA (5 ug/ml) for 4 hr. The cells
were harvested and analyzed for NLRP3 mRNA by RT-PCR. Three
experiments were performed using different neutrophils and a
representative result is shown.

doi:10.137 1/journal.pone.0096703.g006

immunoblotting using anti-phosphotyrosine antibody. The results
of a representative experiment are illustrated in Figure 7A. SAA
stimulation induced the tyrosine phosphorylation of proteins with
apparent molecular masses of 50~80 kDa. Pre-incubation of
neutrophils with R406 inhibited this tyrosine phosphorylation. Syk
immunoprecipitation followed by phosphotyrosine analysis re-
vealed that Syk was phosphorylated in response to SAA. SAA-
stimulated Syk phosphorylation was blocked by pretreatment with
R406 (Figure 7B). We examined whether Syk inhibition affect the
downstream signaling pathways, including mitogen-activated
protein kinases (MAPKs). Pretreatment with the Syk inhibitor
R406 abrogated SAA-induced JNK phosphorylation, while SAA-
induced phosphorylation of p38 and ERK1/2 was marginally
affected by Syk inhibition with R406. To test whether SAA
stimulation induces NF-kB activation in human neutrophils, we
examined INF-xB p65 phosphorylation statins in neutrophils. As
shown in Figure 8, SAA stimulation induced phosphorylation of
p65 as detected by a phosphor-specific Ab that allows monitoring
of phosphorylation at serene 536 of p65. R406 pretreatments
prevented SAA-induced p65 phosphorylation suggesting that Syk
is involved NF-kB activation.

Discussion

Neutrophils play a crucial role in host defense and the
inflammatory response, by virtue of their ability to produce a
series of proinflammatory mediators [22,23]. SAA causes massive
infiltration of neutrophils and the secretion of chemokines and
cytokines from these cells during inflammation [24]. Direct
interactions between SAA and neutrophils thus potentiate
activation of the innate immunity that is crucial to the
development of inflammation [25]. Previous studies demonstrated
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Figure 7. Effects of R406 on the protein phosphorylation in
SAA-stimulated neutrophils. A Quiescent neutrophils pretreated or
untreated with the indicated concentrations of R406 for 1 hr. The cells
were stimulated with SAA (5 pg/ml) for 20 min. Cellular lysates were
subjected to western blotting using phosphotyrosine-specific antibody,
4G10. Three experiments were performed using different neutrophils
and a representative result is shown. B Quiescent neutrophils
pretreated or untreated with the indicated concentrations of R406 for
1 hr. The cells were stimulated with SAA (5 pg/ml) for 20 min. Syk was
immunoprecipitated from each lysates and the immunoprecipitates
were subjected to western blotting using phosphotyrosine-specific
antibody, 4G10 or anti-Syk antibody. Each lane shows Syk precipitated
from 107 cells. Three experiments were performed using different
neutrophils and a representative result is shown. € Quiescent
neutrophils pretreated or untreated with the indicated concentrations
of R406 for 1 hr. The cells were stimulated with SAA (5 pg/ml). Cellular
lysates were subjected to western blotting using phospho-specific or
pan antibodies against ERK1/2, p38 and JNK1. Three experiments were
performed using different neutrophils and a representative result is
shown.

doi:10.1371/journal.pone.0096703.g007
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Figure 8. Effects of R406 on NF-xB p65 phosphorylation in
SAA-stimulated neutrophils. Neutrophils pretreated with or without
R406 were stimulated with SAA (5 ng/ml) for 20 min. Cellular lysates
were analyzed by western blotting using anti-phospho-specific p65 (A)
or anti-p65 (B) antibodies. Two experiments were performed using
different neutrophils and a representative result is shown.
doi:10.1371/journal.pone.0096703.g008

SAA-mediated NLRP3 inflammasome activation in monocytes
[4]; however, inflammasome activation in neutrophils has not
been well-studied. Proteolytic processing of the cysteine proteinase
caspase-1 is the hallmark of NLRP3 inflammasome activation
[26]. Activated caspase-1 processes pro-IL-1B to the bioactive
mature form of IL-1f. Our results revealed that SAA stimulation
induced pro-IL-1B mRNA expression in neutrophils and indicated
that SAA was capable of processing pro-IL-1B. Consistent with
this, the caspase-1 specific inhibitor Z-YVAD-FMK inhibited
SAA-induced pro-IL-13 processing. The data presented in this
study thus suggest that the endogenous acute phase reactant SAA
triggers the IL-1B-mediated inflammatory response in human
neutrophils via two separate signals: SAA first binds to neutrophils,
activating pro-IL-1 mRINA expression, and then induces NLRP3
mRNA expression resulting in caspase-1-dependent pro-IL-1B
processing.

The engagement of FPRLPI by SAA initiates intracellular
signaling that activates nuclear factor-xB and MAPK, leading to
the production of proinflammatory cytokines in macrophages [27].
Recent studies defined the roles of dectin-1 and Syk in the
activation of the NLRP3 inflammasome, which induces mature
IL-1B [28]. However, the role played by endogenous SAA in
activating inflammasomes, and its regulation in human neutro-
phils, have not yet been determined. We defined an essential role
for Syk in caspase-1 activation and mature IL-1p secretion in
human neutrophils in response to the acute phase reactant, SAA.
SAA acts as inducer of NLRP3 mRNA via Syk, and Syk inhibition
prevented SAA-induced mature IL-1f secretion in human
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define the essential components required for the activation of
responses by SAA in neutrophils. However, the inability to
transfect neutrophils reliably means that the use of chemical Syk
inhibitors is unavoidable for examining signaling pathways in
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In conclusion, this study identified a new mechanism of pro-IL-
1B processing in neutrophils. These results provide the first
evidence demonstrating that the acute phase reactant SAA induces
NLRP3 inflammasome activation and IL-18 production via the
tyrosine kinase Syk.
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The aim of this study was to investigate the relationship between plasma concentration of cell-free
pregnancy-associated placenta-specific microRNAs and clinical variables (placental weight, maternal
body mass index, and neonatal birth weight). Circulating levels of cell-free pregnancy-associated
placenta-specific microRNAs (miR-515-3p, miR-517a, miR-517c and miR-518b) in maternal plasma were
measured by quantitative real-time RT-PCR in sixty-two pregnant women. The levels of cell-free preg-
nancy-associated placenta-specific microRNAs were significantly associated with placental weight, but
not associated with body mass index or birth weight. Therefore, the measurement of cell-free pregnancy-
associated placenta-specific miRNAs levels in maternal plasma may reflect the pregnancy status related

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Recently, we have identified pregnancy-associated placenta-
specific miRNAs (miR-515-3p, miR-517a, miR-517¢, miR-518b and
miR-526b), which locate on chromosome 19 miRNA cluster
(C19MC) region, in the plasma of pregnant women |[1,2]. To date,
several placental miRNAs are involved in, or associated with,
pregnancy-associated disorders, such as preeclampsia, fetal growth
restriction or preterm delivery and, therefore, have a strong po-
tential for use as sensitive and specific biomarkers [3—5]. A major
source of cell-free placental miRNAs in maternal plasma is the
villous trophoblast, which is able to release exosomes containing
miRNAs into the maternal circulation [6,7], suggesting their po-
tential for becoming novel biomarkers for prediction and detection
of pathologies in pregnancy. Although the placenta is a source of
supply for cell-free pregnancy-associated placenta-specific miRNAs
(cfpp-miRNAs) [ 1,2], which factors affect the plasma concentration
of cfpp-miRNA remain unknown.

Here, to increase knowledge of factors affecting the circulating
levels of cfpp-miRNAs in maternal plasma, we investigated its as-
sociation with placental weight (PW) as the placental factor,
maternal body mass index (BMI) as the maternal factor and

* Corresponding author. Tel.: +81 95 819 7363; fax: +81 95 819 7365.
E-mail address: kiyonori@nagasaki-u.ac.jp (K. Miura).

http://dx.doi.org/10.1016/j.placenta.2014.06.002
0143-4004/© 2014 Elsevier Ltd. All rights reserved.

neonatal birth weight (BW) as the fetal factor. Also, as the
pregnancy-associated but not placenta-specific miRNA [2], we
measured the plasma concentration of cell-free miR-323-3p, and
investigated its association with PW, BMI and BW.

2. Materials and methods
2.1. Sample collection

All samples were obtained after receiving written informed consent, and the
Institutional Review Board of Nagasaki University approved the study protocol.

Women with smoking, multiple gestations, placenta previa, or invasive
placentation, preterm labor, infection, fetal anomalies or aneuploidy, fetal growth
restriction, or preeclampsia were excluded. Finally, we obtained maternal blood
from 62 women with uncomplicated pregnancies of a singleton at 37—38 weeks to
exclude the possibility of preterm labor. Gestational age was assessed using ultra-
sonography. All women had nothing to eat or drink for 8 h prior to blood collection.
Maternal blood samples (7 mL) were collected within 3 h of elective cesarean section
(CS) delivery. At the time of blood sampling, they had no signs of labor. Preparation
and extraction of total RNA containing small RNA molecules were performed as
described previously {2.8].

2.2. Real-time gRT-PCR analysis of miRNAs

All specific primers and TagMan probes (miR-515-3p, miR-517a, miR-517¢, miR-
518b and miR-323-3p) were purchased from TagMan MicroRNA Assays (Applied
Biosystems, Warrington, UK). Absolute quantitative real-time RT-PCR (qRT-PCR) of
miRNAs in plasma samples was performed as described previously [ 1,2,8,9]. For each
miRNA assay, we prepared a calibration curve by 10-fold serial dilution of single-
stranded cDNA oligonucleotides corresponding to each miRNA sequence from
1.0 x 10% to 1.0 x 108 copies/mL. Each sample and each calibration dilution was
analyzed in triplicate. Each assay could detect down to 100 RNA copies/mL [2,8.9].
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Every batch of amplifications included three water blanks as negative controls for
each of the reverse transcription and PCR steps. All data were collected and analyzed
using a LightCycler® 480 Real-Time PCR System (Roche, Pleasanton, CA, USA).

2.3. Statistical analysis

Pearson product-moment correlation coefficients between plasma concentra-
tion of cfpp-miR NAs and clinical variables (PW, BMI or BW) were analyzed with SPSS
version 19 (IBM Japan, Tokyo, Japan). Significances were defined as P < 0.05. To
eliminate spuricus correlation between circulating levels of cfpp-miRNAs and PW,
BMI or BW, a partial correction coefficient analysis was performed.

3. Results and discussion

Median (minimum—maximum) levels of cfpp-miRNAs in
maternal plasma were 5395.11 (1528.15—72734.98) copies/mL for
miR-515-3p, 36338.12 (1789.61—909253.60) copies/mL for miR-
517a, 29708.01 (1327.62—457445.24) copies/mL for miR-517c and
8492.21 (211.9-528026.51) copies/mL for miR-518b (Fig. 1a—d). As
pregnancy-associated but not placenta-specific miRNA, median
(minimum—rmnaximum) levels of miR-323-3p in maternal plasma
were 148131.34 (7669.99—2990112.52) copies/mL. Median (mini-
mum—maxirmum) of PW, BMI, and BW were 573 (390—900) g, 20.2
(16.2—36.6), and 2995 (2274—3972) g, respectively. No relationship
was detected between PW and BMI (r and P-value: 0.161 and 0.212).

80000—
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Q

400000—

100000—

Plasma concentration of miR-517¢ (copics/mL)
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C.

While, a significant association was seen between PW and BW, and
between BMI and BW (r and P-values: 0.592 and <0.01, and 0.287
and <0.05, respectively).

The plasma concentrations of cfpp-miRNAs are associated with
PW, but not associated with BMI or BW (Table 1, Fig. 1a—d). Pre-
vious reports support our data that PW affects the plasma con-
centrations of cfpp-miRNAs. Syncytiotrophaoblast microparticles
(STBM) and exosomes including fetal/placental DNAs/RNAs are
released into maternal circulation of normal third trimester preg-
nancies, and their numbers are significantly higher in preeclampsia
[10]. Their circulating levels may reflect the rate of syncytio-
trophoblast apoptosis [11]. The placental factors, e.g. STBM and
exosomes, in maternal blood damage the maternal endothelium,
and then cause a syndrome of systemic endothelial dysfunction
[12], indicating that increased concentration of STBM and exo-
somes is associated with the pathogenesis of preeclampsia [ 13—15].
Multiple pregnancy, which seems to have a larger volume of
placenta in comparison to uncomplicated singleton pregnancy, is
known to be one of the risk factors of preeclampsia [16,17]. Further,
increased plasma concentration of cell-free placental miRNAs on
C19MC region has been reported in preeclampsia |3]. Therefore, it
seems to be reasonable that PW as a placental factor affects the
plasma concentration of cfpp-miRNAs. Our previous study also
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Fig. 1. Graph showing relationship between plasma concentration of cell-free pregnancy-associated placenta-specific miRNAs and placental weight. The correlation coefficient
between placental weight and cell-free pregnancy-associated placenta-specific miRNAs levels for a. miR-515-3p is 0.506 (P-value: <0.01), for b. miR-517a is 0.475 (P-value: <0.01),

for c. miR-517c is 0.512 (P-value: <0.01) and for d. miR-518b is 0.489 (P-value: <0.01).
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Table 1

The summary of correlation coefficient analysis between plasma concentrations of cell-free pregnancy-associated miRNAs and clinical variables.

Pregnancy- Expression pattern Statistical analysis Clinical variables
associated 7 .
. Placental weight" Maternal body mass Neonatal birth
miRNAs f F? ightb
index weight
r-value P-value r-value P-value r-value  P-value
miR-515-3p  Placenta-specific expression ~ Pearson product-moment correlation coefficient ~ 0.506 <0.01 0.048 0.710 0.237 0.64
Partial correction coefficient 0.467 <0.001 —0.021 0.870 —0.083  0.527
miR-517a Placenta-specific expression ~ Pearson product-moment correlation coefficient ~ 0.475 <0.01 —0.01 0.991 0.228 0.075
Partial correction coefficient 0.434 <0.001 —-0.072 0.583 —-0.056  0.669
miR-517¢ Placenta-specific expression ~ Pearson product-moment correlation coefficient ~ 0.512 <0.01 0.117 0.366 0.225 0.079
Partial correction coefficient 0.482 <0.001 0.056 0.668 -0.127 0.334
miR-518b Placenta-specific expression ~ Pearson product-moment correlation coefficient ~ 0.489 <0.01 —0.006 0.965 0.275 0.03
Partial correction coefficient 0.420 0.001 —0.092 0.480 0.004 0.976
miR-323-3p  Embryonic and placental Pearson product-moment correlation coefficient ~ 0.066 0.678 —0.180 0.254 0.086 0.59
expression Partial correction coefficient 0.007 0.965 —0.224 0.159 0.132 0417

Significances were defined as P-value<0.05. To eliminate spurious correlation between plasma concentrations of cell-free pregnancy-associated miRNAs and placental weight,
maternal body mass index or neonatal birth weight, a partial correction coefficient analysis was performed.

# The data of neonatal birth weight was used as controlled variable.

b The data of placental weight and maternal body mass index were used as controlled variables.

identified the miR-323-3p as pregnancy-associated miRNA in
maternal plasma [2]. However, the expression pattern of miR-323-
3p, which locates on chromosome 14 miRNA cluster region
(C14MC), is expressed in embryonic and placental tissues, and in
adult, it is restricted to brain [4]. Therefore, as pregnancy-
associated but not placenta-specific miRNA in maternal plasma,
plasma concentration of cell-free miR-323-3p was analyzed to
clarify its association with clinical variables (PW, BMI or BW). We
confirmed that plasma concentration of miR-323-3p is not associ-
ated with PW, BMI or BW (Table 1).

This is the first study to investigate the association between the
circulating plasma concentration of cfpp-miRNAs and clinical var-
iables (PW, BMI and BW). Here, we found that increased PW is
associated with higher circulating levels of cfpp-miRNAs in plasma
of pregnant woman. Alterations to placental miRNA expression
have been associated with in utero exposures [18,19], and
pregnancy-associated disease [20,21]. Therefore, the measurement
of cfpp-miRNAs levels in maternal plasma may reflect the preg-
nancy status related to placenta volume, and provide important
information on the pathogenesis of pregnancy-associated diseases,
though it is necessary that more elaborate studies (more speci-
mens, more mechanistic details) confirm our results. To clarify the
biological mechanism and clinical application of circulating cfpp-
miRNAs, other clinical factors that influence the circulating levels
of these molecules in maternal plasma remain an area for future
investigation.
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