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Abstract
Objective—Intra-amniotic infection/inflammation (IAI) is one of the most important
mechanisms of disease in preterm birth. Triggering receptor expressed on myeloid cells (TREM)-1
is a transmembrane glycoprotein expressed by neutrophils, macrophages and mature monocytes.
TREM-1 is upregulated in biological fluids and tissues infected by Gram (+) and Gram (-) bacteria
and fungi, amplifies the production of pro-inflammatory cytokines and chemokines, and its
soluble form (sTREM-1) is released in the presence of infection. The aim of this study was to
determine the effect of gestational age, parturition (term and preterm) and intra-amniotic infection/
inflammation in the amniotic fluid (AF) concentrations of sTREM-1.

Study design—This cross-sectional study included 434 patients in the following groups: 1) mid-
trimester of pregnancy (14-18 weeks, n=38); 2) normal pregnant women at term with (n=39) and
without (n=39) labor; 3) patients with spontaneous preterm labor (PTL) and intact membranes
classified into: a) PTL who delivered at term (n=99); b) PTL who delivered preterm (<37 weeks
gestation) without IAI (n=80); and c) PTL with IAI (n=59); and 4) women with preterm prelabor
rupture of membranes (PROM) with (n=40) and without (n=40) IAI. The AF concentration of
sTREM-1 was determined by enzyme-linked immunoassay. Non-parametric statistics were used
for analyses.

Results—1) sTREM-1 was detected in all AF samples; 2) the median AF sTREM-1
concentration at term was higher than in the mid-trimester (4277.6 pg/mL vs. 1140.4 pg/mL;
p<0.001); 3) among patients with PTL, the median AF sTREM-1 concentration was significantly
higher in patients with IAI than in those without IAI (6154.4 pg/mL vs. 3282.8 pg/mL; p<0.001)
and those with PTL who delivered at term (6154.4 pg/mL vs. 2794 pg/mL; p<0.001); 4) patients
with preterm PROM with IAI had a higher median AF sTREM-1 concentration than those without
IAI (7893.1 pg/mL vs. 3386.6 pg/mL; p<0.001); 5) no differences were observed in the median
AF sTREM-1 concentration between patients with spontaneous labor at term and those at term not
in labor (4712.4 pg/mL vs. 4277.6 pg/mL repectively; p=0.4); and 6) an AF sTREM-1
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concentration ≥6,416 pg/mL (derived from a ROC curve) had a sensitivity of 72% and a
specificity of 89% for the diagnosis of intra-amniotic infection.

Conclusions—sTREM-1 is a physiologic constituent of the AF, and its concentration: 1) is
significantly elevated in the presence of IAI; 2) increases with advancing gestation; and 3) does
not change in the presence of spontaneous labor at term. We propose that sTREM-1 play a role in
the innate immune response against intra-amniotic infection.

Keywords
preterm labor; preterm delivery; preterm prelabor rupture of membranes; PPROM; pregnancy;
amniocentesis; microbial invasion of the amniotic cavity; MIAC; cytokines; chorioamnionitis

Introduction
Intrauterine infection is one of the most important mechanisms of disease in preterm birth.
[1-11] Intra-amniotic infection and/or inflammation (IAI) is present in approximately one
third of the patients with spontaneous preterm labor (PTL)[10,12,13] and in almost half of
patients with preterm prelabor rupture of membranes (PROM),[14] and it is associated with
increased perinatal morbidity, mortality and long-term sequelae such as cerebral palsy and
chronic lung disease.[15-21]

Host defense against microbial invasion involves the participation of the innate and adaptive
immune response. The first line of defense of the innate immunity against infection are the
epithelial surfaces that act as mechanical barriers, and host commensal bacteria that compete
with pathogenic microorganisms and produce mucus to impaired microbial adhesion as well
as enzymes and antimicrobial peptides. If this line of defense is surpassed, pathogens are
recognized by pattern recognition receptors such as mannose-binding lectin, macrophage
mannose receptor, scavenger receptors and toll-like receptors that identify patterns of
molecular structures on the surface of microorganisms which are ingested and killed by
neutrophils and tissue macrophages.[22] The interaction between pathogens and
macrophages initiates an inflammatory response by activation of macrophages, release of
cytokines and chemokines, and attraction of neutrophils and monocytes to the site of
infection.[22]

Triggering receptor expressed on myeloid cells (TREM)-1 is a transmembrane glycoprotein
that belongs to the immunoglobulin superfamily receptors and that is mainly expressed and
up-regulated in monocytes and neutrophils after stimulation with lipopolysaccharide (LPS),
heat-inactivated Gram (+) bacteria, Gram (-) bacteria, or fungi.[23,24] TREM-1 expression
is significantly increased in neutrophils isolated from the peritoneal cavity of patients with
septic shock due to bacterial peritonitis, while expression of TREM-1 is normal in
neutrophils obtained in peritoneal lavage from patients with systemic inflammatory response
syndrome (SIRS) due to non-microbial peritoneal inflammation.[25] In addition, a solid
body of evidence in patients with sepsis,[26-34] pneumonia,[35-37] and other
infections[38-42] have demonstrated that TREM-1 expression and concentrations of its
soluble form (sTREM-1) in different biological fluids are significantly higher in patients
with bacterial infection than in those with a non-microbial inflammatory process.

Soluble TREM-1 concentrations have been reported in cervicovaginal fluid and serum from
asymptomatic patients at risk for preterm delivery[43] as well as in the amniotic fluid of
patients with spontaneous preterm delivery with and without microbial infection of the
amniotic cavity (MIAC). The objective of this study was to determine if sTREM-1
concentration changes with advancing gestation, spontaneous labor at term, and in the
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presence of intra-amniotic infection/inflammation in patients with PTL with intact
membranes and in those with PROM.

Materials and Methods
Study design and population

A cross-sectional study was designed by searching our clinical database and bank of
biological samples, and included 434 patients in the following groups: 1) women in the mid-
trimester of pregnancy (14-18 weeks) who underwent amniocentesis for genetic indications
and delivered a normal neonate at term (n=38); 2) normal pregnant women at term with
(n=39) and without (n=39) spontaneous labor; 3) patients with an episode of PTL and intact
membranes who were classified into: a) PTL who delivered at term (n=99); b) PTL who
delivered preterm (<37 weeks gestation) without IAI (n=80); and c) PTL with IAI (n=59);
and 4) women with PROM with (n=40) and without (n=40) IAI.

All women provided written informed consent prior to the collection of amniotic fluid. The
collection and utilization of amniotic fluid for research purposes was approved by the
Institutional Review Boards of the participant institutions and the Eunice Kennedy Shriver
National Institute of Child Health and Human Development, NIH, DHHS. Many of these
samples have been previously used to study the biology of inflammation, hemostasis, and
growth factor concentrations in normal pregnant women and those with pregnancy
complications.

Definitions
Patients were considered to have a normal pregnancy outcome if they did not have any
medical, obstetrical, or surgical complication, and delivered a term neonate (≥37 weeks) of
appropriate birth weight for gestational age[44,45] without complications. Spontaneous
preterm labor was defined by the presence of regular uterine contractions occurring at a
frequency of at least two every 10 minutes associated with cervical change before 37
completed weeks of gestation that required hospitalization. Preterm PROM was diagnosed
by sterile speculum examination confirming pooling of amniotic fluid in the vagina in
association with nitrazine and ferning tests when necessary, before 37 weeks of gestation
and in the absence of labor. Intra-amniotic infection was defined as a positive amniotic fluid
culture for micro-organisms. Intra-amniotic inflammation was diagnosed by an amniotic
fluid interleukin (IL)-6 concentration ≥2.6 ng/mL.[13] Histologic chorioamnionitis was
diagnosed based on the presence of inflammatory cells in the chorionic plate and/or
chorioamniotic membranes.[46] Acute funisitis was diagnosed by the presence of
neutrophils in the wall of the umbilical vessels and/or Wharton's jelly using the criteria
previously described.[47]

Sample collection
Amniotic fluid samples were obtained from transabdominal amniocentesis performed for
genetic indication, evaluation of microbial status of the amniotic cavity and/or assessment of
fetal lung maturity in patients approaching term. Women at term in labor consisted of
women who were admitted for suspected preterm labor because of uncertain dates and had
an amniocentesis for the assessment of fetal lung maturity. The criteria for considering that
these patients were at term in labor was derived retrospectively, if the following criteria
were met: 1) spontaneous labor; 2) delivery within 24 hours from amniocentesis; 3) analysis
of amniotic fluid consistent with maturity; 4) birthweight >2500 grams; 5) absence of
respiratory distress syndrome or other complications of prematurity; and 6) physical
examination of the newborn by pediatricians consistent with a term neonate. Samples of
amniotic fluid were transported to the laboratory in a sterile capped syringe and cultured for
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aerobic/anaerobic bacteria and genital mycoplasmas. White blood cell (WBC) count,
glucose concentration and Gram-stain were also performed shortly after collection as
previously described.[48-50] The results of these tests were used for clinical management.
Amniotic fluid IL-6 concentrations were used only for research purposes. Amniotic fluid not
required for clinical assessment was centrifuged for 10 minutes at 4°C and the supernatant
was aliquoted and stored at −70°C until analysis. Among patients with spontaneous preterm
labor with intact membranes who delivered within 72 hours of amniocentesis, placenta,
umbilical cord, and chorioamniotic membranes were collected and the presence or absence
of histologic chorioamnionitis and/or funisitis was assessed. The 72 hours interval was
chosen to preserve a meaningful temporal relationship between amniotic fluid sTREM-1
concentration and placental histopathologic findings.

Determination of soluble TREM-1 immunoassay in amniotic fluid
Specific and sensitive enzyme-linked immunoassays were used to determine TREM-1
concentrations in human amniotic fluid. Immunoassays for human TREM-1 were purchased
from R&D Systems (Minneapolis, MN) and were validated for using human amniotic fluid
prior to the conduction of this study. Validation included spike and recovery experiments,
which produced parallel curves indicating that amniotic fluid constituents did not interfere
with antigen-antibody binding in this assay system. Standards or amniotic fluid samples
were incubated in 96-well micro titer plates pre-coated with monoclonal antibodies against
human TREM-1. During this incubation any TREM-1 present in the standards or amniotic
fluid samples is bound by the immobilized antibodies. After washing away any remaining
unbound substances, an enzyme conjugated polyclonal antibody specific for TREM-1 is
added to the wells of the micro titer plates. Repeated washing and aspiration removed all
unbound substances; a substrate solution was added to the wells and color developed in
proportion to the amount of TREM-1 bound in the initial step. The color development was
stopped with the addition of an acid solution and the intensity of color was read using a
programmable spectrophotometer (SpectraMax M2, Molecular Devices, Sunnyvale, CA).
The concentrations of TREM-1 in amniotic fluid samples were determined by interpolation
from individual standard curves composed of human TREM-1. The calculated inter- and
intra-assay coefficients of variation for soluble TREM-1 immunoassays in our laboratory
were 4.9% and 4.2%, respectively, and the sensitivity was calculated to be 35.1 pg/mL.

Statistical analysis
The normality of the data was tested using the Shapiro-Wilk and Kolmogorov-Smirnov
tests. Because amniotic fluid sTREM-1 concentrations were not normally distributed, non-
parametric tests were used for analyses. Comparisons between proportions were performed
with the Chi-square test. Kruskal-Wallis with post-hoc analysis and Mann-Whitney U tests
were used for continuous variables. Adjustment for multiple comparisons was performed
using the Bonferroni method.[51] Analysis of covariance (ANCOVA) was used to
investigate the association between the preterm labor and PROM subgroups, amniotic fluid
sTREM-1 concentration and storage time. Spearman rank correlation was utilized to assess
correlations between amniotic fluid concentration of sTREM-1, WBC count and IL-6.
Among patients with preterm labor and intact membranes, receiver-operating characteristic
(ROC) curve analyses were performed to determine amniotic fluid sTREM-1 concentration
cutoffs for the identification of patients who had MIAC and intra-amniotic inflammation. A
Kaplan-Meier survival analysis was conducted to assess the amniocentesis-to-delivery
interval, using an amniotic fluid sTREM-1 concentration cutoff derived from the ROC curve
for the presence of intra-amniotic infection. Spontaneous labor was entered in the analysis as
the event of interest, and patients who delivered due to fetal or maternal indications were
treated as censored observations with a censoring time equal to the amniocentesis-to-
delivery interval. Cox proportional hazard modeling was performed to examine the
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differences in amniocentesis-to-delivery interval, according to sTREM-1 concentration in
amniotic fluid while controlling for other confounding factors (amniotic fluid culture result,
cervical dilatation and gestational age at amniocentesis). A p-value of <0.05 was considered
statistically significant. The statistical package used was SPSS v.15.0 (SPSS Inc., Chicago,
IL, USA).

Results
Demographic and clinical characteristics of the study population

Table I presents the demographic and clinical characteristics of patients in the midtrimester,
term not in labor and term in labor groups. Tables II and III display the demographic and
clinical characteristics of patients with spontaneous PTL and intact membranes and those
with PROM, respectively. Among patients with PTL with intact membranes, those with IAI
had a significantly lower median gestational age at amniocentesis than those without IAI
who delivered preterm and those who delivered at term (Table II). Similar results were
observed between patients with PROM with IAI than in those without IAI (Table III).

Amniotic fluid sTREM-1 concentrations in normal pregnancy and term parturition
sTREM-1 was detected in all amniotic fluid samples included in this study. Women with a
normal pregnancy at term not in labor had a significantly higher median sTREM-1
concentration in amniotic fluid than women in the mid-trimester [term not in labor: 4277.6
pg/mL, interquartile range (IQR) 2046.5-5900.6 vs. mid-trimester: 1140.4 pg/mL, IQR
631.7-1401.8; p<0.001] (Figure 1). In contrast, no significant differences were observed in
the median amniotic fluid sTREM-1 concentration between patients with spontaneous labor
at term and those at term not in labor (term in labor: 4712.4 pg/mL, IQR 3368.4-6008.8 vs.
term not in labor: 4277.6 pg/mL, IQR 2046.5-5900.6; p=0.4) (Figure 1).

sTREM-1 concentrations in amniotic fluid from patients with spontaneous preterm labor
and intact membranes

Patients with PTL with IAI had a significantly higher median amniotic fluid concentration of
sTREM-1 than those who delivered preterm without IAI (PTL with IAI: 6154.4 pg/mL, IQR
3973.9–8987.4 vs. PTL without IAI: 3282.8 pg/mL, IQR 2265–4535.6; p<0.001), and than
those who delivered at term (PTL delivered at term: 2794 pg/mL, IQR 1845.4-4321;
p<0.001) (Figure 2). No differences were found in the median amniotic fluid sTREM-1
concentrations between patients with PTL without IAI who delivered preterm and those who
delivered at term (p=0.2, Figure 2). These results did not change after adjusting for storage
time (ANCOVA, p<0.001).

Amniotic fluid sTREM-1 concentrations in preterm PROM
Among patients with PROM, those with IAI had a significantly higher median amniotic
fluid sTREM-1 concentration than patients with PROM without IAI (PROM with IAI:
7893.1 pg/mL, IQR 4085.5-13670.1 vs. PROM without IAI: 3386.6 pg/mL, IQR 2330.5–
4027.5; p<0.001) (Figure 3). These results did not change after adjusting for storage time
(ANCOVA, p<0.001). In the absence of IAI, no differences were observed in the median
amniotic fluid sTREM-1 concentration between patients with PTL who delivered at term
and those with preterm PROM (PTL without IAI: 2794.1 pg/mL, IQR 1845.4-4321 vs.
preterm PROM without IAI: 3386.6 pg/mL, IQR 2330.5–4027.5; p=0.3).
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Amniotic fluid sTREM-1 concentrations and its association with histologic
chorioamnionitis

Placental histopathologic diagnoses were available in 75% (47/63) of patients with
spontaneous preterm labor who delivered within 72 hours of amniocentesis, and in 49%
(23/47) of cases there was evidence of placental inflammation. Patients with histologic
chorioamnionitis and/or funisitis had a significantly higher median sTREM-1 concentration
in amniotic fluid than those without histologic inflammation (placental inflammation:
7936.9 pg/mL, IQR 4134.8-11740.5 vs. no inflammation: 4180.5 pg/mL, IQR
3125.7-4935.4, respectively; p=0.003) (Figure 4).

sTREM-1 concentrations in amniotic fluid in the presence of intra-amniotic infection/
inflammation

A significant correlation was observed between amniotic fluid concentrations of sTREM-1
and WBC count as well as glucose and IL-6 concentrations in patients with spontaneous
preterm labor and those with PROM (Spearman rho coefficient: glucose: -0.34, p<0.001;
IL-6: 0.48, p<0.001; and WBC count: 0.35; p<0.001). Figures 5a and 5b illustrate receiver
operating characteristic (ROC) curves for the identification of MIAC and intra-amniotic
inflammation, respectively, in patients with spontaneous preterm labor and intact
membranes. The diagnostic performance of sTREM-1 concentrations in amniotic fluid, for
the identification of MIAC and intra-amniotic inflammation, was calculated using cutoff
values derived from these ROC curves (Table IV). Using an amniotic fluid sTREM-1
concentration cutoff ≥6,416 pg/mL, a survival analysis was conducted to determine the
relationship between intra-amniotic infection and the duration of the amniocentesis-to-
delivery interval. Patients delivered due to fetal or maternal indications were censored. The
median amniocentesis-to-delivery interval was significantly shorter in patients with an
amniotic fluid sTREM-1 concentration ≥6,416 pg/mL compared to those with a
concentration <6,416 pg/mL [2 days (95% CI 0.8-3) vs. 37 days (95% CI 30-44),
respectively; p<0.001] (Figure 6). These results remained significant after adjusting for the
results of the amniotic fluid culture, storage time, as well as cervical dilatation and
gestational age at amniocentesis, (Cox proportional-hazards regression: 1.9, 95% CI 1.1-3.2;
p=0.013).

Discussion
Principal findings of the study

Soluble TREM-1 is a physiologic constituent of amniotic fluid. Of interest, sTREM-1
concentrations in amniotic fluid: 1) are significantly elevated in the presence of intra-
amniotic infection/inflammation in patients with spontaneous preterm labor with intact
membranes and in those with PROM; 2) significantly correlate with indirect amniotic fluid
markers for intra-amniotic infection/inflammation, such as WBC count and IL-6
concentrations; and 3) are significantly higher in patients with histologic chorioamnionitis
and/or funisitis than that of those without histologic markers of placental inflammation.
Finally, amniotic fluid sTREM-1 concentrations increase with advancing gestation and do
not change in the presence of labor at term.

What is sTREM-1?
TREM-1 is a transmembrane glycoprotein of 234 aminoacids and approximately 30 kDa
that belongs to the immunoglobulin superfamily receptors and that is mainly expressed in
monocytes and neutrophils, as well as in alveolar and hepatic macrophages, and endothelial
cells.[23,24,52] TREM-1 was recently discovered by Bouchon et al,[23] who characterized
this receptor as a single extracellular immunoglobulin-like domain of the V-type, a
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transmembrane region with a charged lysine residue, and a short cytoplasmatic tail without
signaling motifs. Because of the latter, the charged residue in the transmembrane region
facilitates the association with the transmembrane adaptor protein DAP12, which is a signal
transduction molecule. Activation of TREM-1 with DAP12 induces calcium mobilization,
tyrosine phosphorylation and activation of transcription factors such as ELK1, nuclear factor
of activated T cells (NFAT), activator protein 1 (AP1) and nuclear factor κB (NF -κB),
which are associated with transcription of genes encoding for pro-inflammatory cytokines
and chemokines as well as cell-surface molecules.[23,53]

In addition to TREM-1, Bouchon et al discovered a TREM-1-homologue called TREM-2,
which is also associated with DAP12 for intracellular signaling.[54] In contrast to TREM-1,
TREM-2 is expressed in immature monocyte-derived dendritic cells as well as in
osteoclasts,[55] brain[56] and microglia,[57] orchestrating the differentiation of myeloid
precursors towards mature dendritic cells, osteoclast, microglia and possibly
oligodendrocytes. This evidence suggests that TREM-2 plays a role in bone modeling and
brain myelination.[53] Both TREM-1 and -2 are coded by genes located on chromosome
6p21 and are closely linked to the major histocompatibility complex and to NKp44, a
triggering NK-cell receptor.[23,58,59]

Soluble TREM-1—The origin of the soluble form for sTREM-1 is subject of debate. It has
been proposed that sTREM-1 results from an alternative splice variant of TREM-1
(TREM-1sv) that lacks the transmembrane and cytoplasmatic domain and has a molecular
weight of 17.5 kDa.[60] However, Gibot et al[61] demonstrated that cultured human
monocytes stimulated with LPS released a soluble form of TREM-1 that has a molecular
weight of 27 kDa. Recently, Gomez-Piña et al[62] demonstrated in cultured monocytes that
stimulation with LPS induces surface overexpression of TREM-1 and that production of
sTREM-1 was associated with TREM-1 removal from the cell surface. Indeed, sTREM-1
was recovered from the supernatant of LPS-treated monocytes, while was not present in that
of untreated monocytes. Moreover, addition of a general matrix metalloproteinase (MMP)
inhibitor (GM6001) to cultured monocytes challenged with LPS resulted in prolonged cell
surface TREM-1 expression and marked decrease in sTREM-1 concentration in the
supernatant of LPS-stimulated monocytes. The authors did not find alternative splicing of
TREM-1 in LPS-stimulated monocytes but, in contrast, Western Blot analysis of
supernatants using an antibody that recognizes the extracellular domain of TREM-1 showed
a band of approximately 27 kDa after LPS challenge, which is in agreement with a study
reported before.[61] These findings support the view that sTREM-1 is the result of shedding
of the TREM-1 ectodomain through proteolytic cleavage by metalloproteinases.[62]

Soluble TREM-1 in amniotic fluid
The results reported herein showed that sTREM-1 is a physiologic constituent of the
amniotic fluid, since it was found in all samples included in this study. These results are in
agreement with those recently reported by Menon and Fortunato.[63] Furthermore, we
demonstrated that the amniotic fluid concentration of sTREM-1 increased with advancing
gestational age and that did not change in the presence of labor at term. These findings are
novel and suggest that this may be of value to the host in preparation for parturition at term.
Although labor at term is considered an inflammatory process,[64-67] it is possible that
sTREM-1 may play a specific role as a mechanism of defense against intra-amniotic
infection.

TREM-1 expression in response to infection
A solid body of evidence support a role for TREM-1 in the inflammatory response
associated to infection. In vitro studies[23,25] have demonstrated that TREM-1 is selectively
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up-regulated on neutrophils and monocytes after stimulation with LPS, heat-inactivated
Gram (+) bacteria, Gram (-) bacteria, or fungi. This effect is limited to extracellular bacteria
or bacterial cell-wall products, but not to intracellular bacteria.[25] Gibot et al[61,68-70]
reported a series of interesting observations in different mice models of sepsis and
pneumonia. Sepsis induced a significantly higher expression of surface TREM-1 in
monocytes and peritoneal macrophages as well as up-regulation of TREM-1 gene expression
compared to sham-operated animals. Soluble TREM-1 was detected in plasma and
peritoneal fluid of septic animals, but it was almost absent in controls.

In vivo TREM-1 overexpression determined by flow cytometry has been observed in
neutrophils present in skin lesions and lymphadenopathies caused by bacterial infections.
Interestingly, minimal TREM-1 expression was observed in conditions of non-microbial
inflammation characterized by infiltration of monocytes and neutrophils, such as psoriasis
and ulcerative colitis.[25] Also, TREM-1 expression was markedly increased in neutrophils
isolated from the peritoneal cavity of patients with septic shock caused by bacterial
peritonitis, while expression of TREM-1 was normal in neutrophils obtained in peritoneal
lavage from patients with SIRS due to non-microbial peritoneal inflammation.[25] These
findings led to suggest that TREM-1 may play a role in the acute inflammatory response
associated with microbial infections.

In addition to myeloid cells, fetal membranes have been proposed as a source for sTREM-1
in amniotic fluid. RT-PCR studies[63] on cultured fetal membranes from patients at term
with or without labor did not find expression of TREM-1; however, TREM-1 expression
was induced by LPS. Interestingly, TREM-1 was expressed in fetal membranes from
patients with preterm delivery, regardless of the presence or absence of intra-amniotic
infection.

sTREM-1 as a diagnostic tool in bacterial infections
Compelling evidence in patients with sepsis,[26-34] pneumonia,[35-37] pleural effusion,
[38-40] pulmonary aspiration syndrome[41] and septic arthritis[42] have demonstrated that
TREM-1 expression and/or sTREM-1 concentrations in different biological fluids are
significantly higher in patients with bacterial infection that that of those with a non-
microbial inflammatory process, implying that sTREM-1 may be a useful diagnostic tool.
Indeed, plasma concentrations of sTREM-1, C-reactive protein and procalcitonin were
significantly elevated in patients with sepsis compared to that of those with SIRS, and
sTREM-1 appears to be a better marker for infection than C-reactive protein and
procalcitonin.[26]

The present study demonstrated that patients with spontaneous preterm labor with intact
membranes had a significantly higher amniotic fluid concentration of sTREM-1 in the
presence of IAI compared to those without IAI who delivered preterm or at term. Menon
and Fortunato[63] reported similar results in amniotic fluid obtained transvaginally from
patients with spontaneous preterm delivery with MIAC (defined as a positive PCR for
microorganisms). We further determined the amniotic fluid concentration of sTREM-1 in
patients with PROM as well as in those with placental inflammation. The results showed
that the presence of IAI in patients with PROM was associated with a significantly higher
concentration of sTREM-1 compared to those without IAI, a finding that was also observed
among patients with histologic chorioamnionitis/funisitis versus those without placental
inflammation.

Among asymptomatic patients at risk for preterm delivery, Vogel et al[43] determined
cervicovaginal and serum concentrations of multiple inflammatory markers between 12 and
25 weeks of gestation. The authors found that cervicovaginal concentrations of nine
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inflammatory markers (including sTREM-1) were undetectable in more than 50% of the
samples. In contrast, high serum sTREM-1 concentrations (≥1000 pg/mL) were associated
with a significantly higher risk for spontaneous preterm delivery before 35 weeks [relative
risk: 4.6 (95% CI 2.1-10.1)]. Using cutoff values derived from ROC curves, we determined
that the amniotic fluid concentration of sTREM-1 had a sensitivity and specificity of 72%
and 89% for the diagnosis of intra-amniotic infection, and 73% and 75% for intra-amniotic
inflammation. Moreover, the amniocentesis-to-delivery interval was significantly shorter
among patients with spontaneous preterm labor and an elevated amniotic fluid sTREM-1
concentration (≥6,416 pg/mL) compared to those with a low concentration (2 days vs. 37
days). Further studies are needed to determine the diagnostic performance of sTREM-1 for
prediction of preterm delivery.

TREM-1 and sTREM-1 as modulators of the inflammatory response
TREM-1 is considered to play a role in acute inflammatory responses.[24] Here, we found a
significant correlation between amniotic fluid concentrations of sTREM-1 and indirect
markers of intra-amniotic inflammation such as WBC count and IL-6 concentrations.
mRNA TREM-1 expression and/or sTREM-1 concentrations have been observed to be
elevated in tissue and biological fluids from patients with inflammatory conditions such as
rheumatoid arthritis,[42] acute pancreatitis,[71,72] peptic ulcer,[73] Helicobacter pylori
gastritis,[74] and inflammatory bowel disease.[75] In vitro studies[25,76] have demonstrated
that in neutrophils and monocytes incubated with LPS and other toll-like receptors ligands,
TREM-1 triggers and amplify the release of pro-inflammatory cytokines and chemokines
such as interleukin (IL)-6, IL-8, monocyte chemotactic protein-1 and -3 (MCP-1 and
MCP-3), macrophage inflammatory protein-1 alpha (MIP-1α) and granulocyte-macrophage
colony-stimulating factor (GM-CSF), while inhibiting production of IL-10 in monocytes.
Triggering of TREM-1 also induces neutrophils to release myeloperoxidase[25] and
enhances both oxidative burst and phagocytosis.[77]

Several reports in septic mice have[25,61,69,70,78] demonstrated that synthetic peptides
(LP17) used to inhibit the recognition of TREM-1 by its ligand and small interference RNA
(siRNA) suppress TREM-1 mRNA and protein expression, modulate the production of pro-
inflammatory cytokines such as TNF-α and IL-β, decrease bacterial clearance by impairing
neutrophils oxidative burst, and improve the hemodynamic status and promotes survival. In
humans, among patients with sepsis, plasma sTREM-1 concentrations remain stable or
increase in non-surviving patients and decrease in survivors.[28] The traditional view is that
persistent and exaggerated systemic inflammation accounts for the increased morbidity and
mortality in patients with sepsis. It is possible that sTREM-1 may compete with TREM-1
ligand(s) down-regulating the TREM-1 pathway in order to modulate the inflammatory
response.[79] These observations suggest that TREM-1 in vivo modulation may be a
suitable therapeutic tool in sepsis.[68,69,78]

In conclusion, sTREM-1 concentrations in amniotic fluid are significantly elevated in the
presence of intra-amniotic infection/inflammation in patients with spontaneous preterm
labor with intact membranes and also in those with PROM. We propose that sTREM-1 play
a role in the innate immune response against intra-amniotic infection.
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Figure 1. Amniotic fluid concentrations of sTREM-1 in normal pregnancies at mid-trimester and
in those at term with and without labor
The median amniotic fluid sTREM-1concentration was significantly higher in pregnancies
at term not in labor than in those in the mid-trimester (4277.6 pg/mL, IQR 2046.5-5900.6 vs.
1140.4 pg/mL, IQR 631.7-1401.8; p<0.001). No significant differences were found in the
median amniotic fluid concentration of sTREM-1 between women with spontaneous labor at
term and those at term not in labor (4712.4 pg/mL, IQR 3368.4-6008.8 vs. 4277.6 pg/mL,
IQR 2046.5-5900.6; p=0.4).
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Figure 2. Amniotic fluid concentrations of sTREM-1 among women with spontaneous preterm
labor (PTL) and intact membranes
The median amniotic fluid concentration of sTREM-1 was significantly higher in patients
with intra-amniotic infection/inflammation (IAI) than in women without IAI (6154.4 pg/mL,
IQR 3973.9–8987.4 vs. 3282.8 pg/mL, IQR 2265–4535.6; p<0.001) as well as in those who
delivered at term (6154.4 pg/mL, IQR 3973.9–8987.4 vs. 2794 pg/mL, IQR 1845.4-4321;
p<0.001). There was no significant difference in the median amniotic fluid concentration of
sTREM-1 between those who delivered preterm and those who delivered at term.
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Figure 3. Amniotic fluid concentrations of sTREM-1 in women with preterm prelabor rupture of
the membranes (PROM)
(a) The median amniotic fluid sTREM-1 concentration was significantly higher in patients
with intra-amniotic infection/inflammation (IAI) than in those without IAI (7893.1 pg/mL,
IQR 4085.5-13670.1 vs. 3386.6 pg/mL, IQR 2330.5–4027.5; p<0.001).
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Figure 4. Amniotic fluid concentrations of sTREM-1 in patients with spontaneous preterm labor
with and without histologic chorioamnionitis who delivered within 72 hours from amniocentesis
Patients with histologic chorioamnionitis and/or funisitis had a significantly higher median
sTREM-1 concentration in amniotic fluid than those without histologic inflammation
(7936.9 pg/mL, IQR 4134.8-11740.5 vs. 4180.5 pg/mL, IQR 3125.7-4935.4, respectively;
p=0.003).
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Figure 5. Receiver operating characteristic (ROC) curves of amniotic fluid sTREM-1
concentration in patients with spontaneous preterm labor and intact membranes
(a) ROC curve for the identification of positive amniotic fluid culture for microorganisms
[area under the curve (AUC) for amniotic fluid sTREM-1: 82.3%; p<0.001]. (b) ROC curve
for the identification of intra-amniotic inflammation, defined as amniotic fluid IL-6
concentration ≥2.6 ng/mL (AUC for amniotic fluid sTREM-1: 80.3%; p<0.001).
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