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Abstract: Spontaneous preterm birth (sPTB) represents the 35%-45% of all preterm birth (PTB) cases and its etiology is unknown. We investigated if the ex-

pression level of endometrial cytokines and angiogenetic factors is related to the onset of sPTB.Endometrial tissues from non-pregnant women who experienced
sPTB and from non-pregnant women who did not experience sPTB were collected and examined for their expression profile. With this aim, the PCR Array analysis
was performed and data were confirmed by Real-Time PCR. Differential gene expression measurements (pathological vs control tissues) showed a significant up-
regulation for genes codifying for two angiogenetic factors known as connective tissue growth factor (CTGF), and coagulation factor I1I (F3). An increased level of
expression was detected both for tyrosine kinase endothelial (TEK) and for transforming growth factor beta 2 (TGF-B2) genes but without reaching the statistical
significance. The expression level of interleukin 10 receptor alpha (ILIORA) gene was slightly decreased in pathological group compared to control one but, as
well as forTEK and TGF-f2 measurements, without reaching the statistical significance. Our work is the first to correlate the imbalance in endometrial district of

non -pregnant women with sPTB. These data could suggest a new point of view whence to read sSPTB. We need additional clinical and biological studies to clarify

sPTB pathogenesis.

((ey words: Angiogenetic factors; Endotelial district; Deregulated expression level; Preterm birth; Real-Time PCR.
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Iﬂtroduction

Preterm birth (PTB) occurs in around 10% of all de-
liveries and is the most significant problem encountered
in obstetrics including neonatal morbidity and mortal-
ity. This disorder is a complex cluster of problems as-
sociated with socioeconomic, sociodemographic, socio-
behavioral, environmental, medical, biological, and
genetic risk factors. Infection and inflammation are im-
portant etiological factors in the development of PTB,
since nearly 30% of preterm deliveries are associated
with intrauterine infection. Maternal infection (e.g.,
chorioamnionitis) is often followed by a systemic fetal
inflammatory response characterized by elevated levels
of pro-inflammatory cytokines in the fetal circulation. A
comprehensive mapping of the proteome and microar-
ray analysis was provided by several investigators (1, 2).
Normal pregnancy has been proposed to involve physi-
ological activation of the innate limbo of the immune
response. Preterm parturition with intact or ruptured
membranes is associated with phenotypic and metabolic
changes in maternal monocytes and granulocytes that
are consistent with the presence of maternal inflamma-
tion (3, 4). Human endometrium is a dynamic steroid-
responsive tissue that undergoes repeat cycles involving
sequential proliferation, differentiation, breakdown and
repair. The function of the endometrium is to allow the
implantation of a blastocyst and to support any resultant
pregnancy. These cycles of tissue remodeling ensure

that the endometrium is in a receptive state for the puta-
tive "implantation window", the few days of each men-
strual cycle when an appropriately developed blastocyst
may be available in the uterus to implant. Both implan-
tation and menstruation occur under the control of ste-
roid hormones and are regarded as inflammatory events
characterized by leukocyte infiltration and increased
inflammatorymediator expression in endometrium.The
association of endometrial alteration with decidual for-
mation has been reported previously in rodents. These
early observations in rodents, suggest that local injury
ofthe endometrium facilitates successful implantation.
A high level of several proinflammatory cytokines,
characterizes early implantation. These cytokines can
be secreted by the endometrial cells as well as by cells
of the immune system that are recruited to the site of
implantation.In humans and mice,large populations of
decidual leukocytes infiltrate the implantation site. Of
these cells, 65% to 70% are uterin-specific natural killer
cells, which have been shown to be essential for the es-
tablishment of an adequate decidua. A role for selected
cytokines in preterm labor is based upon the following
observations: elevated amniotic fluid concentrations
of cytokines and prostaglandins are found in patients
with intra-amniotic infection and PTB; in-vitro, bacte-
rial products stimulate production of pro-inflammatory
cytokines by human decidua; these cytokines, in turn,
stimulate production of prostaglandins by amnion and
decidua; administration of interleukin-1 to pregnant
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mice or non-human primates induces PTB which can be
prevented by administration of IL-1 receptor antagonist
protein.

Normal angiogenesis modulated by angiogenic fac-
tors and circulating hormones (steroids and gonadotro-
phins) plays a critical role in endometrial development
and differentiation during the normal menstrual cycle.
Disruption of the balance between angiogenic factors
and their inhibitors at the time of implantation may re-
sult in first-trimester miscarriage or, alternatively, de-
fective placentation and thereby increased risk of preg-
nancy-related disorders (5).

Several histopathological studies carried on cases of
spontaneous preterm birth (sPTB) highlighted evidences
of abnormal placentation (6, 7). An altered placentation
combined to an insufficient vascular development could
compromise the placental vascularization and reduce
the blood flow in the intervillous space (7, 8). As a con-
sequence, the nutrient delivery to the fetus is reduced
and the placenta can not support the fetal growth across
the third trimester contributing to PTB recurrence (7,9).

In this research, in endometrial tissues of non-preg-
nant women who experienced preterm birth, we aimed
to study inflammatory pathways because preterm birth
may reflect early activation of the normal parturition
cascade, in which proinflammatory mediators are typi-
cally induced, and angiogenetic pathways because the
uterine endometrial implantation of pregnancy may af-
fect vascular nutrition of embryo/fetus and the parturi-
tion timing.

Materials and Methods

Patients and tissue collection

This was a prospective study that examined the birth
outcomes of women who underwent endometrial biopsy
at the Department of Clinical Sciences of Polytechnic
University of Marche in the period August 2012 and
December 2015. The research was limited for pathol-
ogy records of reproductive-aged women (18-45 years)
who had biopsies in the same period. A written in-
formed consent was obtained from all patients recruited
before initiation of the study. The study was approved
by the Institutional Review Board. Ten women with
previous singleton pregnancy who experienced a spon-
taneous labor or pPROM that ultimately resulted in a
PTB between 16 weeks 0 days’ and 33 weeks 6 days’
gestation were recruited as the PTB group. As control
group were recruited 10 women with a previous single-
ton pregnancy with the spontaneous onset of labor who
delivered at or beyond 37 weeks’ gestational age in the
same period and in the same institution. All women re-
cruited delivered within 2 years of biopsy and the two
groups were matched for age, parity and body mass in-
dex. Exclusion criteria at sample were: uterine malfor-
mations, hormonal or steroid therapy; exclusion criteria
in previous pregnancy were: maternal uterine anoma-
lies, multifetal gestation, fetal aneuploidy or lethal fetal
anomalies, polyhydramnios , and serious maternal med-
ical conditions (eg, renal disease, chronic liver disease,
severe pulmonary or heart disease, antiphospholipid
syndrome, genetic thrombophilia, diabetes mellitus,
hemoglobinopathy, chronic conditions requiring medi-
cation for control, and maternal chronic infections). The

hysteroscopies were scheduled in the follicular phase of
the menstrual cycle (days 3—15) and were performed on
an outpatient basis with the use of a 5-mm (outer diam-
eter) continuous-flow Bettocchi hysteroscope (Stopler
Medical Instruments,Utrecht, the Netherlands & Olym-
pus Belgium N.V., Aartselaar, Belgium).

Avaginoscopic approach was used and an endome-
trial biopsy was obtained from the uterine fundus with
the use of grasping forceps (Karl Storz Endoscopie;
UMC-U).The tissues were taken and immediately snap
frozen in liquid nitrogen and stored at -80°C until use.
This procedure has required less than 5 minutes.

RNA extraction

An aliquot of the frozen tissue (5-10mg) was ho-
mogenized in a lysis buffer, and the total RNA was then
extracted using a RNeasy Micro Kit (Qiagen, Hiden,
Germany). RNA samples were tested by ultraviolet
absorption at 260nm in order to determine the RNA
concentration. To assess the integrity of total RNA, we
analyzed an aliquot of the RNA sample on a denaturing
gel stained with ethidium bromide looking for the pre-
sence of 28S and 18S rRNAbands.Wecheckedthat the
28S rRNA band was approximately twice as intense as
the 18S rRNA band. The 2:1 ratio (28S:18S) is a good
indication that the RNA iscompletely intact.

Synthesis of cDNA for PCR Array

Total RNA was used as a template for cDNA syn-
thesis using the RT? First Strand kit (SuperArray Bio-
science Corporation, Frederick, MD). A 1.5ug of total
RNA was pre-warmed with Genomic DNA Elimination
Mixture in a final volume of 10l in a thermal cycler at
42°C for Smin. It was then chilled on ice immediately
for at least one minute and added to RT cocktail in a
final volume of 20ul. The RT cocktail contains specific
RT buffer, primer mix, and the reverse transcriptase en-
zyme. The reaction was incubated at 42°C for 15min,
heated at 95°C for Smin, and then added to 91ul RNase-
free H,O (Diluited First Strand cDNA Synthesis Reac-
tion). It was kept on ice until the following PCR assay
step.

PCR Array analysis

For each Array, 102ul of the Diluited First Strand
cDNA Synthesis Reaction were added to 1280ul of the
2X SABiosciences RT? qPCR Master Mix. Twenty-five
microliters of the experimental cocktail were added to
each well of the PCR Array. For our study we used RT?
Profiler PCR Array System purchased from SuperArray
Bioscience Corporation (Frederick, MD). We verified
the correlation of endometrial inflammation cytokine
(RT? Profiler PCR Array System- Human Inflamma-
tory Cytokines & Receptors; PAHS-011Z) and angioge-
netic factors (RT? Profiler PCR Array System- Human
Angiogenesis; PAHS-024Z) with sPTB. For the PCR
assay, the thermal cycler was programmed as follows:
95°C, 10min; 40 cycles of (95°C, 15sec; 60°C, 1min). A
melting curve program ran immediately after the above
cycling program. Procedure for melting curve analysis
was followed as recommended by the manufacturer. We
used a single PCR Array plate to investigate the expres-
sion profile of each single sample. ThePCR Array plate
has been designed and optimized to have one replicate
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Table 1. Sequences of primers used for expression analysis of selected genes.

Symbol GeneBank Description Sequence (Fw) 5'- 3' Sequence (Rv) 5'- 3'

Connective tissue
CTGF NM_001901
- growth factor
F3 NM_ 001993 Coagulation factor I11

Interleukin 10 receptor,

GGTTACCAATGACAACGCCT

AGTTCAGGAAAGAAAACAGCCA

GCCCTTCTTAATGTTCTCTTCCA

CGGGAGGGAATCACTGCTT

IL1I0RA NM_001558 Ioh CACAATGGCTTCATCCTCGG ACTTTCTTGTGTGTGAACGTGA
alpha
Tyrosine kinase,
TEK NM_000459 dothelial CAATGAAGCATGCCACCCTG GCAGAGACATCCTTGGAAGC
endothelia
Transforming growth
TGF-p2 NM_003238 factor. bota 2 CCTTCTTCCCCTCCGAAACT ATGGCATCAAGGTACCCACA
actor, beta
ACTB NM 001101.3 Actin, beta CTCTTCCAGCCTTCCTTCCT AGCACTGTGTTGGCGTACAG

for each investigated gene.Following evidences pres-
ent in literature (10), we chose -actin as housekeeping
gene for data normalization.

Relative mRNAexpression was calculated by 244
where AC, = C, (Gene of Interest) - C, (B-actin) and

AAC, = mean-AC, (Pathological samples) - mean-
AC, (Normal samples). The parameter Ct (threshold cy-
cle) was defined as the cycle number at which the first
detectable increase above the threshold in fluorescence
was observed. Genes with a ratio of 0.5 or less and 2 or
greater were defined as down-regulated and up-regulat-
ed, respectively.Using the RT? Profiler PCR Array data
analysis tool supplied by SuperArray Bioscience Cor-
poration, we examined in Real-Time PCR assay only
those genes whose difference was statically significant
(p<0.05) between pathological and control samples.

Synthesis of cDNA for Real-Time PCR

Total RNA was isolated from the tissue samples as
described above. Two micrograms of RNA were reverse
transcribed in a total volume of 25ul for 60min at 37°C
with M-MLV Reverse Transcriptase (Promega, Madi-
son, WI) using random nonamers in order to obtain
cDNA.

Real-Time quantitative PCR

Genes listed below (Table 1) have been selected for
further evaluation. cDNA was used for Real-Time quan-
titative PCR and generated as described previously. To
avoid false-positive results attributable to the amplifi-
cation of contaminating genomic DNA in the cDNA
preparation, the primers were selected to flank an intron,
and PCR efficiencies were tested and found to be close
to 1. Primer sequences used for expression analysis of
selected genes are reported below (Table 1).

The genes were run in duplicate using SYBR Green
chemistry. All samples were tested in triplicate using
B-actin as the reference gene (Table 1) for data nor-
malization to correct for variations in RNA quality and
quantity (10). Direct detection of PCR products was
monitored by measuring the fluorescence produced by
SYBR Green I dye binding to double-stranded DNA af-
ter every cycle. Relative mRNA expression value was
calculated as above described.

Statistical analysis

All statistical analyses were performed by using the
GraphPad Prism software version 4.00 for Windows
(GraphPad Software, San Diego, CA, USA). All values
were expressed as mean Relative mRNA expression+
Standard Deviation (SD). Differences in gene expres-
sion levels between the pathological groups and control
group were determined using the Mann-Whitney test.
Differences were considered to be significant at p<0.05.

Results

PCR Array

To explore whether tissue PCR Array data can be
used to identify new markers for PTB, we first deter-
mined the expression level of 168 key genes, 84 of them
mediating the inflammatory response and the remaining
84 genes modulating the biological processes of angio-
genesis in endometrial tissues obtained by biopsy from
non-pregnant women who experienced sPTB and non-
pregnant women who did not experience sPTB.

A commercially available PCR Array designed for
exploring changes in the expression of genes important
for inflammatory response and angiogenesis was used
on ten samples of control group and on ten women with
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Figure 1. PCR Array analysis of normal and pathological endometrial tissues. Expression profile of genes modulating the inflammatory
process. Down-pointing arrow indicates gene showing a significant down-regulation. This gene has been chosen for further measurements by
Real-Time PCR. Expression levels are measured as mean Relative mRNA expression = Standard Deviation. Mean Relative mRNA expression was
calculated as the average of all of Relative mRNA expression values within pathological and control samples, respectively. sSPTB: spontaneous
preterm birth; CTRL: control.
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Figure 2. PCR Array analysis of normal and pathological endometrial tissues. Expression profile of genes modulating the biological
processes of angiogenesis. Up- and down-pointing arrows indicate genes showing a significant up- or down-regulation, respectively. These genes
have been chosen for further measurements by Real-Time PCR. Expression levels are measured as mean Relative mRNA expression + Standard
Deviation. Mean Relative mRNA expression was calculated as the average of all of Relative mRNA expression values within pathological and
control samples, respectively. sPTB: spontaneous preterm birth; CTRL: control.
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previouss PTB.

PCR Array analysis showed 14 genes coding for
cytokine and 46 genes coding for angiogenetic factors
having a different expression between pathological and
control samples.

Specifically, 5 genes coding for cytokines (Fig. 1)
and 32 genes coding for angiogenetic factors are up-
regulated (Fig. 2).

Real-Time PCR

To validate PCR Array data and examine gene ex-
pression more quantitatively, Real-Time PCR analysis
was performed on ten control samples and on ten sam-
ples obtained from women with previoussPTB.

As above described, we selected for Real-Time PCR
measurements those genes showing, in PCR Array data,
a statically significant difference (p<0.05) between
pathological and control samples. We measured the ex-
pression level of CTGF, F3, TEK, TGF-f2 (known as

to be some of genes involved in biological process of
angiogenesis), and ILIORA (known as to be a gene me-
diating the inflammatory response) genes.

The Real-Time PCR confirmed the data obtained by
PCR Array and allowed us to quantify differential gene
expression detected through PCR Array analysis (Table
2).

Differential gene expression measurements (patho-
logical versus normal samples), performed by Real-
Time PCR assay, revealed increased levels of expres-
sion both for TEK (2.51-fold increase) and TGF-f2
(3.47-fold increase) but without reaching the statistical
significance. The expression of IL10RA was slightly
decreased in pathological group compared to control
one (0.98-fold reduction) but, as well as for TEK and
TGF-B2 measurements, without reaching the statistical
significance.

A significant up-regulation for CTGF, and F3 (2.53-
fold increase and 3.17-fold increase, respectively) was

Table 2. Gene expression levels of genes selected through PCR Array data analysis.

Relative mRINA expression

Relative mRINA expression

Gene in pathological samples in normal samples p value? Pathological/normal(-fold)®
(mean £ SD) (mean £ SD)
CTGF 2.58+£0.66 1.02+0.36 <0.05 2.53
F3 3.21+0.93 1.01+0.19 <0.05 3.17
IL10 RA 1.08 £0.57 1.10+0.64 n.s. 0.98
TEK 2.56 +1.85 1.02+0.32 n.s. 2.51
TGF-B2 3.54+3.52 1.02 +0.28 n.s. 3.47

n.s., not significant.

® Differential gene expression measurements were performed by Real-Time PCR, as above described.
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Figure 3. Expression levels of differentially regulated genes in
pathological versus control samples (*p < 0.05). Expression levels
are measured as mean Relative mRNA expression + Standard
Deviation. Mean Relative mRNA expression was calculated as
the average of all of Relative mRNA expression values within
pathological and control samples, respectively. sSPTB: spontaneous
preterm birth; CTRL: control.

detected (Fig. 3).
Discussion

PTB (<37 weeks of gestation) is a complex disorder,
whose etiology is influenced by a variety of factors. Age,
race, and current smoking status of a woman are known
as a risk factors increasing her likelihood to experience
a PTB. Moreover, several studies demonstrated women
who have had a previous preterm delivery are at higher
risk of subsequent preterm deliveries (11, 12).

Clinically, PTB cases are divided into three differ-
ent categories. Approximately 30%—-35% of all PTB are
due to a specific condition such as preeclampsia or fetal
growth restriction affecting the fetus (11). The 25%-—
30% of PTB cases depends on pPROMs and, generally,
it occurs in cases of infection, placental abruption, or if
the mother has any anatomical abnormalities (11). sSPTB
represents the remaining 35%-45% of PTB cases and
its etiology is unknown.

At date, against sPTB there are no reliable predic-
tors, specific preventative measures or treatments and
often interventions dispensed after initiation of labor are
only intermittently successful.

This inability to act comes, in part, from a reduced
understanding of the mechanisms responsibles for sPTB
and, as a consequence,from the lack of defined panel of
clinical aspects to be investigated early in gestation to
identify high-risk pregnancies.

Different studies have been realized selecting several
candidate genes involved into those specific biological
pathways believed responsible for the sSPTB phenotype.
Despite the efforts, candidate gene association studies
didn't get a reproducibility in maternal or fetal samples,
and they didn't give a substantial contribution to the eti-
ology of sPTB.

In this project, we decided to investigate the expres-
sion profile of endometrial samples from non-pregnant

women who experienced sPTB compared to non-preg-
nant women who did not experience sPTB.We're willing
to hypothesize that sSPTB cases could arise from a "state
of imbalance" in expression levels of maternal endome-
trial district, a kind of "burden" which compromises the
placental development and the pregnancy outcome.

We decided, in our research, to be focused not on
specific candidate gene but on two different biologi-
cal pathways: we investigated 84 genes involved into
inflammatory and angiogenetic process using the PCR
Array technology.PCR Array data, confirmed by Real-
Time quantitative PCR analysis, revealed an up-regula-
tion for angiogenetic factors such as CTGF (2.53-fold
increase), F3 (3.17-fold increase), TEK (2.51-fold in-
cfease) and, TGF-B2 (3.47-fold increase).Conversely,
the expression of cytokines, as IL10 RA, wasn't im-
paired in pathological group compared to control one.
The TGF-B2 protein belongs to the TGF-f superfamily
which includes different proteins involved in embryonic
development, homeostasis, wound healing, chemotaxis,
and cell cycle control (13, 14). Several studies in TGF-f
field highlighted, not only,the complexity of TGF-f sig-
naling pathways but also the important anti-inflamma-
tory and profibrotic properties of TGF-f elements (15,
16).

TGF-B has long been considered as, probably, the
most important key to regulate the deposition of extra-
cellular matrix (ECM) in fibrotic process. In vascular
smooth muscular cells, endothelial cells, and also fibro-
blasts, TGF-P increases the synthesis of ECM proteins
(i.e.: fibronectin, collagens and PAI-1), even if TGF-f
is present at low concentrations (17). Equally, TGF-f
inhibits the ECM degradation and leads to excessive
matrix accumulation reducing the collagenase produc-
tion and stimulating the expression of tissue inhibitor of
metalloproteinases (TIMP) (18). TGF-p binds to its re-
ceptors and activates the Smad pathway. Smad proteins
are citoplasmatic proteins which, once activated, trans-
locate into the nucleus where determine the transcrip-
tion of different genes involved in fibrosis, including
CTGF (19). CTGF, discovered more than a decade ago,
is a member of the CCN family of proteins that promote
angiogenesis, cell migration, and cell adhesion (20).
CTGF is thought as a novel profibrotic factor involv-
ing in some TGF-P responses, including apoptosis and
fibrosis. Data describe the interaction between TGF-f
and CTGF as a mechanism based on a chaperon func-
tion of CTGF which binds itself to TGF-f in order to
increase the affinity of TGF-f to its different receptors:
the result is a TGF-B activity more intense and more
prolonged. To support this cooperation, a recent study
demonstrated as, a subcutaneous co-injection of CTGF
and TGF-p in mice, determined a sustained and persis-
tent fibrotic status (21). In the same way, the blockade
of CTGF synthesis or activity reduces TGF-B-induced
collagen synthesis and contributes to fibrotic disorders.
Actually, CTGF knockout mice exhibited multiple skel-
etal dysmorphisms because of a reduced expression of
bone-specific matrix genes (22). TEK is a receptor es-
sential for angiogenesis belonging to the protein tyro-
sine kinase Tie-2 family. Angiogenesis consists of blood
vessels growing from existing ones. Angiogenesis is a
biological process fundamental for embryonic devel-
opment but also involved in pathogenesis of several fi-
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broproliferative diseases (23- 25). A critical role in the
process of angiogenesis is played by the biological axis
of Angiopoietin-1 and -2 (Ang-1 and -2) and their en-
dothelium-specific receptor tyrosine kinase TEK. Ang-2
acts as a natural antagonist of Ang-1 by binding to TEK
competitively and destabilising blood vessels while
Ang-1 induces a blood vessels stabilization by promot-
ing the interaction between endothelial cells and the
surrounding extracellular matrix (26). TGF-B cytokine
has long been proposed as a cytokine able to initiate
and maintain fibrosis but a recent study has suggested,
also, a TGF-P enrollment into the activation of coagula-
tion cascade. Actually, data show that TGF-B induces
the expression of F3 in human lung fibroblasts (27).
The F3 is a 263-residue membrane-bound glycopro-
tein composed of a 219-residue extracellular domain, a
single transmembrane sequence and a short cytoplasmic
domain (28). Under normal conditions, the F3 is syn-
thesized at the subendothelial level by smooth muscle
cells in the tunica media and, specially, by fibroblasts
in the adventitia surrounding the vessels (29). Follow-
ing vascular injury, F3 initiates the coagulation cascade
(30). Furthermore, in response to a variety of stimuli,
F3 gene expression is induced in different cell-types
such as monocytes and macrophages (31, 32), vascular
smooth muscle cells (33) and, endothelial cells (34, 35).
Fibrotic process and coagulation cascade are strictly re-
lated.Bearing in mind the data got from experiments,
we have suggested a possibile activation of coagulation
cascade mediated by TGF-§ which induces the F3 gene
expression. In the same way, it's known thatcoagulation
factors, as thrombin, modulate the production of profi-
brotic mediators, such as CTGF (36). Actually, it is still
controversial whether angiogenesis has a negative or a
positive regulatory role in the pathogenesis of fibrosis.
We're aware that our study does not clarify any aspects
or doesn't add more informations about the connection
among fibrosis process, angiogenesis, and coagulation
cascade but our study has been conceived with the first
purpose to investigate the possible presence of a "state of
imbalance" in endometrial expression levels of women
who experienced sPTB.Our data suggest that endome-
trium of non-pregnant women who experienced sPTB
is characterized by an inappropriate expression of some
coagulation factors, profibrotic mediators and angioge-
netic elements. As a consequence, a relatively hypoxic
environment should occur and lead the "hypothetic" tro-
phoblast to work hard to find oxygen by invading the
endometrium down to the deciduomyometrial junction
looking for arteries and oxygen supply. Furthermore,
to do that the "hypothetic" trophoblast promotes angio-
genesis to achieve enough oxygen from the surround-
ing tissue (37).So, the starting imbalance observed in
the endometrium should promote the pregnancy at the
beginning, but later, should modulate the onset of sev-
eral biological process leading to sSPTB. As known, the
expression of F3 in districts different than non-vascular
and perivascular cells represents only a small percent-
age (= 20%) of total amount (38). Probably, this is an
adaptive mechanism for limiting the procoagulant po-
tential of the vessel wall. In pathological pregnancies,
placenta enhances the release, into the maternal circu-
lation, of syncytiotrophoblast microvesicles containin-
ghigh levels of active F3 (39). In pregnant women who

experienced already previous sPTB, the quantity of F3
receptor circulating into maternal vessels might be suf-
ficient to trigger the coagulation cascade and induce the
sPTB onset.

In conclusion, our work is the first to demonstrate
the presence of an unphysiological expression profile in
endometrial tissue of sPTB compared to non-pregnant
women.These data could suggest a new point of view
whence to read this pregnancy disease that remains an
unanswered challenge and an important subject for fu-
ture research.

Ethical approval

All procedures performed in studies involving human
participants were in accordance with the ethical stan-
dards of the institutional research committee and with
the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.

Written consent
Written consent was obtained from all individual par-
ticipants included in the study.
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