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Abstract

Background: Infection and inflammation are important mechanisms leading to preterm birth. Soluble triggering receptor
expressed on myeloid cells-1 (sTREM-1) belongs to a family of cell surface receptors that seems to play an important role in
fine-tuning the immune response. It has been demonstrated that sTREM-1 is involved in bacterial infection as well as in non-
infectious inflammatory conditions. Few studies have investigated serum sTREM-1 expression during preterm labor.
Therefore, the purpose of this study was to assess sTREM-1 concentrations in maternal serum during term and preterm
labor.

Methods: This case control study included 176 singleton pregnancies in the following groups: patients in (1) preterm labor,
delivered before 34 weeks (PTB) (n = 52); (2) GA matched controls, not in labor, matched for gestational age (GA) with the
PTB group (n = 52); (3) at term in labor (n = 40) and (4) at term not in labor (n = 32). sTREM-1 concentrations were determined
by enzyme-linked immunoassay.

Results: sTREM-1 was detected in all serum samples. Median sTREM-1 concentrations were significantly higher in women
with PTB vs. GA matched controls (367 pg/ml, interquartile range (IQR) 304–483 vs. 273 pg/ml, IQR 208–334; P,0.001) and in
women at term in labor vs. at term not in labor (300 pg/ml, IQR 239–353 vs. 228 pg/ml, IQR 174–285; P,0.001). Women with
PTB had significantly higher levels of sTREM-1 compared to women at term in labor (P = 0.004). Multiple regression analysis,
with groups recoded as three key covariates (labor, preterm and rupture of the membranes), showed significantly higher
sTREM-1 concentrations for labor (+30%, P,0.001) and preterm (+15%, P = 0.005) after adjusting for educational level,
history of PTB and sample age.

Conclusions: sTREM-1 concentrations in maternal serum were elevated during spontaneous term and preterm labor and
sTREM-1 levels were significantly higher in preterm labor.
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Introduction

Preterm birth (PTB), defined as a delivery before 37 completed

weeks of gestation, remains a key issue in modern obstetrics. PTB

is the major cause of neonatal morbidity and mortality in

developed countries [1]. Infection and inflammation are important

mechanisms leading to PTB [2,3]. Intra-uterine infection caused

by bacteria is considered to be the primary cause of PTB [4–7]

and presumably evokes an immune response that involves the

release of cytokines and chemokines, prostaglandins and matrix-

degrading enzymes. These substances trigger uterine contractions,

membrane rupture and cervical ripening [4]. Evidence suggests

that most intra-uterine infections are chronic and subclinical in

nature and consequently hard to diagnose before labor or rupture

of membranes [1,4,5]. Therefore a diagnostic marker of subclin-

ical infection or inflammation would be most useful to identify

women at risk for PTB.

Recently, a family of cell surface receptors, the triggering

receptor expressed on myeloid cells (TREM) proteins, has been

discovered that seems to play an important role in fine-tuning the

innate immune response during infectious diseases. TREM-1 is a

transmembrane glycoprotein, mainly expressed in monocytes and

neutrophils [8–14]. Studies have shown that TREM-1 expression
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is upregulated in response to lipopolysaccharide (LPS) and other

microbial components [8–14]. TREM-1 synergizes with pathogen

recognition receptors, including Toll-like receptors (TLRs), which

in turn, increase cytokine production (e.g. IL-8, TNF-a and IL-

1a)[8–14]. Hence, TREM-1 functions as an amplifier of the

inflammatory response in the context of bacterial infection [8–14].

During infection, soluble TREM-1 (sTREM-1) is generated

through proteolytic cleavage of the TREM-1 ectodomain by

matrix metalloproteinases [10,14]. sTREM-1 is detectable in

various body fluids [10,12] and has been detected in plasma,

broncho-alveolar lavage fluid, pleural fluid, cerebrospinal fluid and

urine from intensive care patients with bacterial infections [12].

Recent studies have demonstrated that TREM-1 is also involved

in non-infectious inflammatory conditions such as rheumatoid

arthritis [15] and inflammatory bowel disease [16].

Few studies have investigated the role of sTREM-1 during PTB

[6,17–19]. Menon et al [18] demonstrated that both lipopolysac-

charide (LPS) and preterm labor induced fetal membrane TREM-

1 expression. In the presence of intra-uterine infection, amniotic

fluid sTREM-1 concentrations were significantly higher in patients

with preterm labour (PTL) [6,18] or preterm premature rupture of

the membranes (PPROM) [6]. However, amniotic fluid TREM-

levels did not predict PTB within 7 days in women with PPROM

[20]. Elevated serum concentrations of sTREM-1 in the second

trimester were associated with an increased risk of PTB in

asymptomatic high risk patients [19], but not in low-risk women

[17]. Furthermore, it has been shown that amniotic fluid

concentration of sTREM-1 increases with advancing gestational

age [6]. To our knowledge, only two studies [21,22] evaluated

serum sTREM-1 concentrations in patients with preterm labor.

Blood sampling has the advantage of being less invasive than

amniocentesis and is therefore a more appropriate method to

perform in pregnancy. However, these studies did not include

women with term labor. There is accumulating evidence that

inflammation has also been implicated in the mechanism of

spontaneous term parturition [2,7]. Youssef et al [23] demon-

strated that TREM-1 is expressed in myometrium and cervix at

term and found that sTREM-1 is upregulated in both tissues with

the onset of labor.

Therefore, the objective of the present study was to evaluate

whether sTREM-1 is upregulated in maternal serum during term

and preterm labor vs. non laboring controls and to assess a

possible relationship between sTREM-1 serum concentrations and

admission-to-delivery interval in women with PTB.

Materials and Methods

Ethics Statement
The study was approved by the Ethical Committee of Ghent

University hospital (EC/2009/010). All participants provided oral

and written informed consent.

Study Design and Population
We conducted a prospective cohort study at the Department of

Obstetrics and Gynecology of Ghent University Hospital in which

768 pregnant women between 24 and 42 weeks’ gestation,

presenting to the labor and delivery ward were enrolled, in order

to build a bank of biological samples and clinical data and to

explore putative associations between inflammatory markers of

term and preterm labor. [24]All subjects for this study were

selected from the prospective cohort except patients in group 2 (see

below). A convenience sample of 176 singleton pregnancies was

selected and divided into four groups according to gestational age

(GA) and labor status: (1) women with preterm labor (PTL), who

delivered before 34 weeks gestation (PTB) (n = 52). This group

consisted of 35 patients with preterm premature rupture of the

membranes (PPROM) and 17 with PTL and intact membranes.

All patients were in labor at the time of sampling; (2) women not in

labor, attending the prenatal clinic of Ghent University Hospital

and matched for GA with the PTB group. All these women had an

uncomplicated pregnancy that proceeded to term delivery (GA

matched controls) (n = 52); (3) healthy pregnant women at term in

labor (AT in labor) (n = 40). This group included patients in labor

with intact membranes (n = 20) and women with premature

rupture of the membranes (PROM) (n = 20). (4) healthy pregnant

women at term not in labor, undergoing a primary Caesarean

section (AT not in labor) (n = 32). Eligibility criteria included age

.18 years, gestational age $24 weeks, absence of fetal (congenital)

malformations, absence of maternal infectious disease (e.g. HIV,

hepatitis B) and Dutch speaking. Data on maternal demographics,

medical and obstetrical history and pregnancy outcome were

recorded.

Definitions
PTL was defined as having regular uterine contractions (six to

twelve contractions in one hour) and documented cervical changes

before 37 completed week’s gestation. Cervical changes include

cervical effacement or dilatation, cervical shortening (,25 mm)

and/or funneling and were measured by vaginal examination or

transvaginal ultrasonography. PPROM was defined as amnior-

rhexis at least 1 h before the onset of contractions. A confirmatory

test (crystallization test on slide or rapid rupture of membranes

(ROM) - test (Amnisure, Boston, US)) was performed if PPROM

was suspected on the basis of fluid leakage or oligohydramnion. In

case of a positive test, the diagnosis of PPROM was considered.

PTB was defined as PTL and/or PPROM, followed by a delivery

before 34 weeks. Gestational age was determined based on last

menstrual period corrected by early ultrasound before 20 weeks

gestation.

Sample collection and processing. Blood samples of

laboring women (either term or preterm) were collected by the

attending midwife upon admission to the labor and delivery ward.

Women at term not in labor were sampled prior to their

Caesarean section. GA matched controls were recruited from the

antenatal clinic. These pregnant women were screened at 20–22

weeks (structural ultrasound) to verify whether they fulfilled the

inclusion criteria. When eligible for participationthese women

were matched for week of gestation with a PTB case. Sampling

was performed during a subsequent prenatal consultation at the

appropriate gestational age. Samples were stored at 4uC until

processing. Blood samples were centrifuged at 1000 g for 10

minutes at room temperature to harvest serum. All serum samples

were stored at 280uC until analysis. Samples used for this study

were never thawed previously. sTREM-1 concentrations were

determined using an enzyme-linked immunoassay in accordance

with the manufacturer’s instructions (R&D systems, Minneapolis,

MN). All assay plates included samples from all groups. Both

standards and samples were measured in duplicate. The interassay

and intra-assay coefficients of variation were 7.8% and 13.9%,

respectively.

Statistical analysis. Univariate group differences were

tested with x2 or Fisher’s Exact test and Student’s t-test or

Mann-Whitney U-test when appropriate. The normality of the

continuous data was tested using the Kolmogorov-Smirnov test

and visual inspection of QQ-plots. Since the distribution of

sTREM-1 was positively skewed, their natural log transformed

values were used so as to have a normally distributed outcome

variable for the multiple regression analysis, which was performed

Serum sTREM-1 in Labor
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on the full dataset (n = 176). A backward selection procedure was

applied in which covariates were sequentially removed in order of

increasing significance until only terms with p-value below 0.10

remained. The subgroups were translated into three variables:

preterm (vs. at term), labor (vs. not in labor) and rupture of the

membranes (ROM)(vs. intact membranes). These variables are

considered as key covariates and remained in the model regardless

of their significance. Other covariates considered in the model

selection were maternal age, educational level, marital status,

smoking, body mass index (BMI), history of PTB, storage time and

time delay between blood sampling and serum harvesting (further

described as sample age). After backward selection of main terms,

first order interactions were considered between all remaining

covariates, yielding the final model. Spearman correlation was

performed to estimate correlations between serum concentration

of sTREM-1 and the admission-to-delivery interval in the PTB

group. All statistical analyses and tests were performed two-sided

at the 5% significance level using SPSS statistics 19 software (IBM,

Chicago, Illinois).

Results

Demographic and Clinical Characteristics of the Study
Population

Demographic and clinical characteristics of the study popula-

tion are presented in Table 1. There were no significant

differences between groups regarding pre-pregnancy BMI, marital

status, ethnicity, conception, parity and history of PTB. Women

with PTB had a significantly lower education level than GA matched

controls (P = 0.003). Women AT not in labor were significantly older

than women AT in labor (P = 0.03). There were more smokers

among women AT not in labor and among women with PTB as

compared to women AT in labor (P = 0.04 respectively P = 0.005).

Serum sTREM-1 Concentrations
sTREM-1 was detected in all serum samples collected in this

study. Figure 1 shows sTREM-1 concentrations among the

different groups. Significantly higher median concentrations of

sTREM-1 were seen in women with PTB compared to GA matched

controls (367 pg/ml, interquartile range (IQR) 304–483 vs. 273 pg/

ml, IQR 208–334; P,0.001). Median sTREM-1 concentrations

were significantly increased in women AT in labor compared with

AT not in labor (300 pg/ml, IQR 239–353 vs. 228 pg/ml, IQR

174–285; P,0.001). Women with PTB had significantly higher

sTREM-1 levels than women AT in labor (367 pg/ml, IQR 304–

483 vs. 300 pg/ml, IQR 239–353; P = 0.004) (Figure 1).

For multiple linear regression, the covariates educational level,

history of PTB and sample age, met the significance criteria of the

backward selection and were retained in the final model, in

addition to the key covariates preterm, labor and rupture of the

membranes. No interaction effects were found to be significant.

Results of the final model are shown in Table 2. Since the model

used the natural log of sTREM-1 concentration as the dependent

variable, model coefficients reflect differences on the ln(concentra-

tion) scale. To allow interpretation on the original concentration

scale, we also provide exponentiated coefficients that reflect

relative (%) instead of absolute changes. The model showed that

labor (vs. not in labor) and preterm (vs. not preterm), but not

ROM (vs. intact membranes) remained significantly associated

with sTREM-1 concentration after adjusting for educational level,

history of PTB and sample age. On average, the sTREM-1

concentration was 30% higher in labor (vs. not in labor) and 15%

higher preterm (vs. at term). The average sTREM-1 concentration

was 14% higher in women with secondary education or less

compared to women with higher education and 28% lower in

women with a history of PTB versus no history. With other

covariates held constant, sTREM-1 concentrations multiplied with

a factor 1.004 for every additional hour of sample age.

Serum sTREM-1 Concentrations in PPROM vs. PTL and
Relation with Admission-to-Delivery Interval

In the PTB group, no differences in sTREM-1 concentrations

were observed between women with PPROM versus women with

PTL and intact membranes (372 pg/ml, IQR 303–494 vs.

342 pg/ml, IQR 303–436; P = 0.46). This result did not change

when using multiple regression analysis (data not shown). The

median admission-to-delivery interval in the PTB group was 3,5

days (IQR 3,5–7), in women with PPROM 4 days (IQR 0-7) and

in women with PTL and intact membranes 3 days (IQR 0–14,5).

The concentration of sTREM-1 was not related to the admission-

to-delivery interval in women with PTB (r = 0.17, P = 0.23) neither

in the subgroups (PPROM: r = 0.30, P = 0.08; PTL and intact

membranes: r = -0.11, P = 0.67).

Discussion

We have used a case control study to assess sTREM-1

concentrations in serum during term and preterm labor. In line

with previous observations in amniotic fluid [6], serum sTREM-1

levels are significantly increased in women with preterm labor

compared to GA matched controls. sTREM-1 levels were also

elevated in women at term in labor vs. those not in labor. Recent

studies have demonstrated that sTREM-1, although initially

described in microbial inflammation [8], is involved in non-

infectious inflammatory conditions as well [15,16]. There is

accumulating evidence that inflammation is also important in

spontaneous labor at term [3,25–27]. Moreover, it has been shown

that term labor is associated with an increased risk of microbial

invasion of the amniotic cavity (MIAC). The more advanced the

cervical dilatation, the greater the risk of MIAC [28,29]. Our

observation is consistent with Youssef et al [23] who demonstrated

increased TREM-1 mRNA expression in myometrium and cervix

after labor at term. In contrast, Kusanovic et al [6] found no

differences in amniotic fluid concentrations of sTREM-1 between

laboring and non-laboring women at term. These data suggest that

the maternal inflammatory response during labor may be different

from the fetal response. A large cross-sectional study is needed to

evaluate sTREM-1 concentrations in both compartments during

labor.

Since microbial invasion is more prevalent in PPROM [5,30],

we expected higher sTREM-1 levels in these women. Neverthe-

less, we found no differences in sTREM-1 concentrations between

patients with PPROM and those with PTL and intact membranes.

This finding may be attributed to the relative small number of

patients in both groups. In the presence of intra-amniotic

infection, sTREM-1 levels in amniotic fluid were higher in women

with PPROM vs. PTL and intact membranes [6]. This

observation suggests that sTREM-1 is probably a good marker

for intra-amniotic infection in amniotic fluid but not in maternal

serum which has been recently demonstrated by Cobo et al [21].

They evaluated 27 proteins in maternal serum of women with

PPROM or PTL and intact membranes and observed a weak

maternal inflammatory response in women with MIAC. In

particular, serum TREM-1 levels did not differ between women

with and without MIAC. Moreover, differences in protein levels

were only evident at early gestational age (less than 32 weeks of

gestation). Similar observations were made in amniotic fluid of

women with PPROM. TREM-1 concentrations did not differ

Serum sTREM-1 in Labor
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between women with and without MIAC [20], but higher levels

were observed in PPROM cases ,34 weeks in the presence of

both MIAC and histological chorioamnionitis [31]. This indicates

that TREM-1 may serve as a good marker for severe inflammation

in a subset of pregnant women at risk for PTB.

In addition, we observed significantly higher sTREM-1 levels in

preterm labor compared to term labor. The fact that microbial

invasion is more common in preterm birth could explain this

result. Another explanation could be that sTREM-1 levels alter

during pregnancy and may differ from the baseline in these

women. However, our study was not designed to evaluate

longitudinal changes in sTREM-1 concentrations. A study in

which sTREM-1 levels are serially assayed throughout gestation

and in non-pregnant women would be able to address this issue.

It is also recommendable to evaluate whether sTREM-1 levels

differ between women with PTL and intact membranes who

delivered preterm and those who delivered at term. We carried out

a preliminary evaluation, but found no significant differences in

sTREM-1 levels between both groups (data not shown). This result

must be interpreted cautiously since the number of patients with

PTL who delivered at term was rather low (n = 10). However,

Tsiartas et al [22] did not observed higher levels of TREM-1 in

women with PTL who delivered within 7 days vs. those delivering

later.

Variability in pre-analytical factors has been shown to influence

cytokine levels. Cytokine concentrations are most critically affected

by sample age i.e. the time lapse between blood collection and

processing [32–35]. The window between collection and process-

ing and the variability between samples has to be minimized, but is

not always feasible in practice [32,33]. The impact of sample age

on levels of inflammatory markers is often poorly addressed in

studies. Our model suggests that sample age can affect sTREM-1

measurements in serum, supporting the need to standardize

specimen processing as much as possible and/or to consider

differences due to sample age.

Some limitations of this study deserve consideration. First, the

case control study design did not allow investigating the value of

serum sTREM-1 to predict the onset of PTB. Previous studies

Table 1. Demographic and clinical characteristics of the study population.

Variables PTB (n = 52)
GA matched
controls (n = 52)

AT in labor
(n = 40)

AT not in
labor (n = 32)

Group 1
vs.
2 P-value

Group
3
vs.
4 P-value

Group 1
vs.
3 P-value

Maternal age (mean 6 SD, y) 28.765.6 29.864.1 29.164.6 31.464.4 0.26 0.03 0.69

Pre-pregnancy BMI (Me,
IQR, kg/m2)

21.5 [19.7–24.8] 21.8 [20.1–23.1] 21.9 [19.9–24.0] 21.6 [19.9–25.0] 0.98 0.43 0.77

Educational level (n, %) 0.002 0.58 0.09

Secondary education or less 24 (46.2) 9 (17.3) 11 (27.5) 7 (21.9)

Higher education 28 (53.8) 43 (82.7) 29 (72.5) 25 (78.1)

Marital status (n, %) 0.70 1.00 0.38

Married or cohabiting 47 (92.2) 48 (94.1) 39 (97.5) 31 (96.9)

Living alone 4 (7.8) 3 (5.9) 1 (2.5) 1 (3.1)

Smoking at recruitment 9 (17.3) 8 (15.4) 0 (0.0) 4 (12.5) 0.79 0.04 0.005

Ethnicity (n, %) 1.00 0.12 0.16

White/Caucasian 51 (98.1) 50 (96.2) 36 (90.0) 32 (100.0)

Other 1 (1.9) 2 (3.8) 4 (10.0) 0 (0.0)

GA at recruitment (Me,
IQR, wk)

29.0 [26.0–31.0] 29.0 [26.0–31.0] 40.0 [39.0–40.0] 38.0 [38.0–39.0] P = 1.00 ,0.001 0.001

Conception (n, %) 0.78 0.09 0.96

Spontaneous 44 (84.6) 45 (86.5) 34 (85.0) 31 (96.9)

Assisted reproductive
technology

8 (15.4) 7 (13.5) 6 (15.0) 1 (3.1)

Nullipara (n, %) 32 (61.5) 26 (50.0) 20 (50.0) 12 (37.5) 0.24 0.29 0.27

History of PTB 4 (7.7) 2 (3.8) 2 (5.0) 1 (3.1) 0.68 1.00 0.69

GA at delivery (Me, IQR, wk) 30.0 [28.0–32.0] 40.0 [39.0–40.0] 40.0 [39.0–40.0] 38.0 [38.0–39.0] ,0.001 ,0.001 ,0.001

Delivery mode (n, %) 0.21 ,0.001 = 0.38

Vaginal birth 48 (92.3) 43 (84.3) 39 (97.5) 0 (0.0)

Caesarean section 3 (5.9) 8 (15.7) 1 (2.5) 32 (100.0)

Birth weight (mean, 6SD, g) 1517.36514.4 3484.96498.0 3461.96396.2 3236.96360.0 ,0.001 0.01 ,0.001

Gender (n, %) 0.04 0.75 0.04

R 16 (30.8) 26 (51.0) 21 (52.5) 18 (56.3)

= 36 (69.2) 25 (49.0) 19 (47.5) 14 (43.8)

AT, at term; BMI, body mass index; GA, gestational age; IQR, interquartile range; Me, Median; PTB, preterm birth; SD, standard deviation.
X2 or Fisher’s Exact test for categorical variables; Student’s t-test or Mann-Whitney U-test for continuous variables.
doi:10.1371/journal.pone.0056050.t001
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found that increased sTREM-1 levels in the second trimester were

associated with PTB in asymptomatic high risk patients, but not in

low risk women [17,19]. Further research is needed to establish the

value of sTREM-1 as a predictive marker of PTB. Second, no

Figure 1. Serum sTREM-1 concentrations among groups. Median sTREM-1 concentrations are significantly elevated in women in labor (either
term or preterm) vs. non-laboring controls. sTREM-1 levels are significantly higher in preterm vs. term labor. Horizontal bars denote the median value
for each study group.
doi:10.1371/journal.pone.0056050.g001

Table 2. Multiple regression model for ln(sTREM-1 concentration).

Parameter
Model coefficient
(95%CI) Exponentiated coefficient (95%CI) P-value

Intercept 5.416 [5.323, 5.508] 224.9 [205.1, 246.7] ,0.001

Preterm [vs. at term] 0.142 [0.043, 0.241] 1.152 [1.044, 1.272 0.005

Labor [vs. not in labor] 0.258 [0.126, 0.391] 1.295 [1.134, 1.479] ,0.001

ROM [vs. intact membranes] 20.021 [20.156, 0.113] 0.979 [0.856, 1.120] 0.76

Secondary education (or less) [vs. higher education] 0.128 [0.020, 0.236] 1.136 [1.020, 1.266] 0.02

History of PTB [vs. no history] 20.324 [20.542, 20.105] 0.724 [0.582, 0.900] 0.004

Sample age (in hours) 0.0039 [0.0003, 0.0076] 1.004 [1.000, 1.008] 0.04

Results of the model fitted on the full dataset (n = 176), obtained from the backward selection procedure outlined in the text. Covariates considered but not retained
were: maternal age, marital status, smoking, body mass index and storage time. Coefficients of the model (additive on the log scale) were exponentiated to
multiplicative factors, allowing interpretation on the concentration scale.
Sample age = time delay between blood sampling and processing.
CI, confidence interval; PTB, preterm birth; ROM, rupture of the membranes.
R2 = 0.28.
doi:10.1371/journal.pone.0056050.t002
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information could be obtained on the presence of intra amniotic

infection in patients with PPROM or PTL and sTREM-1 levels in

serum and amniotic fluid could not be compared, since

amniocentesis is not routinely performed in patients with preterm

labor. Finally, sTREM-1 concentrations were measured only once

upon admission. Evaluation of the time-course of plasma sTREM-

1 levels during sepsis showed that a progressive decline in sTREM-

1 concentration was associated with a favorable clinical evolution

[36]. It would be interesting to investigate the clinical informative

value of repeated determinations of serum sTREM-1 in hospital-

ized patients with preterm labor.

In conclusion, we found elevated sTREM-1 concentrations in

maternal serum during spontaneous parturition (either term or

preterm) and sTREM-1 levels were significantly higher in women

with preterm labor. Further studies are required to explore the role

of sTREM-1 in the inflammatory response during pregnancy and

labor.

Acknowledgments

We thank Mr. Alain Visscher, Department of Applied Mathematics and

Computer Science, Stat-Gent CRESCENDO, Faculty of Sciences, Ghent

University. We gratefully acknowledge the residents and midwives for

collecting the blood samples.

Author Contributions

Contributed to the interpretation of the data: HV BS BV RV. Revised the

article: HV BV MV RV MT. Provided statistical support: OD. Read and

approved the final manuscript: IT HV BS BV MV OD RV MT.

Conceived and designed the experiments: HV MV RV MT IT. Performed

the experiments: BS. Analyzed the data: IT. Wrote the paper: IT.

References

1. Goldenberg RL, Culhane JF, Iams JD, Romero R (2008) Preterm birth 1 -

Epidemiology and causes of preterm birth. Lancet 371: 75–84.

2. Agrawal V, Hirsch E (2012) Intrauterine infection and preterm labor. Semin

Fetal Neonatal Med 17: 12–19.

3. Romero R, Gotsch F, Pineles B, Kusanovic JP (2007) Inflammation in

pregnancy: its roles in reproductive physiology, obstetrical complications, and

fetal injury. Nutrition Reviews 65: S194–202.

4. Goldenberg RL, Hauth JC, Andrews WW (2000) Mechanisms of disease -

Intrauterine infection and preterm delivery. New England Journal of Medicine

342: 1500–1507.

5. Goncalves LF, Chaiworapongsa T, Romero R (2002) Intrauterine infection and

prematurity. Mental Retardation and Developmental Disabilities Research

Reviews 8: 3–13.

6. Kusanovic JP, Romero R, Chaiworapongsa T, Mittal P, Mazaki-Tovi S, et al.

(2010) Amniotic fluid sTREM-1 in normal pregnancy, spontaneous parturition

at term and preterm, and intra-amniotic infection/inflammation. Journal of

Maternal-Fetal & Neonatal Medicine 23: 34–47.

7. Romero R, Espinoza J, Goncalves LF, Kusanovic JP, Friel L, et al. (2007) The

role of inflammation and infection in preterm birth. Seminars in Reproductive

Medicine 25: 21–39.

8. Bouchon A, Facchetti F, Weigand MA, Colonna M (2001) TREM-1 amplifies

inflammation and is a crucial mediator of septic shock. Nature 410: 1103–1107.

9. Colonna M (2003) Trems in the immune system and beyond. Nature Reviews

Immunology 3: 445–453.

10. Ford JW, McVicar DW (2009) TREM and TREM-like receptors in

inflammation and disease. Current Opinion in Immunology 21: 38–46.

11. Gibot S (2006) Soluble triggering receptor expressed on myeloid cells and the

diagnosis of pneumonia and severe sepsis. Seminars in Respiratory and Critical

Care Medicine 27: 29–33.

12. Jiyong J, Tiancha H, Wei C, Huahao S (2009) Diagnostic value of the soluble

triggering receptor expressed on myeloid cells-1 in bacterial infection: a meta-

analysis. Intensive care medicine 35: 587–595.

13. Klesney-Tait J, Turnbull IR, Colonna M (2006) The TREM receptor family

and signal integration. Nature immunology 7: 1266–1273.

14. Sharif O, Knapp S (2008) From expression to signaling: Roles of TREM-1 and

TREM-2 in innate immunity and bacterial infection. Immunobiology 213: 701–

713.

15. Collins CE, La DT, Yang HT, Massin F, Gibot S, et al. (2009) Elevated synovial

expression of triggering receptor expressed on myeloid cells 1 in patients with

septic arthritis or rheumatoid arthritis. Annals of the Rheumatic Diseases 68:

1768–1774.

16. Park JJ, Cheon JH, Kim BY, Kim DH, Kim ES, et al. (2009) Correlation of

serum-soluble triggering receptor expressed on myeloid cells-1 with clinical

disease activity in inflammatory bowel disease. Digestive diseases and sciences

54: 1525–1531.

17. Kramer MS, Kahn SR, Platt RW, Genest J, Chen MF, et al. (2010) Mid-

trimester maternal plasma cytokines and CRP as predictors of spontaneous

preterm birth. Cytokine 49: 10–14.

18. Menon R, Fortunato SJ (2008) Induction of Triggering Receptors of Myeloid

Cell (TREM-1) Expression in Fetal Membranes and Higher Concentration of

Soluble TREM-1 in Amniotic Fluid With Spontaneous Preterm Birth.

Reproductive Sciences 15: 825–830.

19. Vogel I, Goepfert AR, Thorsen P, Skogstrand K, Hougaard D, et al. (2007)

Early second-trimester inflammatory markers and short cervical length and the

risk of recurrent preterm birth. Journal of Reproductive Immunology 75: 133–

140.

20. Cobo T, Kacerovsky M, Holst RM, Hougaard DM, Skogstrand K, et al. (2012)

Intra-amniotic inflammation predicts microbial invasion of the amniotic cavity

but not spontaneous preterm delivery in preterm prelabor membrane rupture.

Acta Obstet Gynecol Scand 91: 930–935.

21. Cobo T, Tsiartas P, Kacerovsky M, Holst RM, Hougaard DM, et al. (2012)

Maternal inflammatory response to microbial invasion of the amniotic cavity:

analyses of multiple proteins in the maternal serum. Acta Obstet Gynecol

Scand.

22. Tsiartas P, Holst RM, Wennerholm UB, Hagberg H, Hougaard DM, et al.

(2012) Prediction of spontaneous preterm delivery in women with threatened

preterm labour: a prospective cohort study of multiple proteins in maternal

serum. BJOG 119: 866–873.

23. Youssef RE, Ledingham MA, Bollapragada SS, O’Gorman N, Jordan F, et al.

(2009) The role of toll-like receptors (TLR-2 and -4) and triggering receptor

expressed on myeloid cells 1 (TREM-1) in human term and preterm labor.

Reproductive Sciences 16: 843–856.

24. Tency I, Verstraelen H, Kroes I, Holtappels G, Verhasselt B, et al. (2012)

Imbalances between Matrix Metalloproteinases (MMPs) and Tissue Inhibitor of

Metalloproteinases (TIMPs) in Maternal Serum during Preterm Labor. PLoS

One 7: e49042.

25. Gotsch F, Romero R, Erez O, Vaisbuch E, Kusanovic JP, et al. (2009) The

preterm parturition syndrome and its implications for understanding the biology,

risk assessment, diagnosis, treatment and prevention of preterm birth. The

journal of maternal-fetal & neonatal medicine : the official journal of the

European Association of Perinatal Medicine, the Federation of Asia and

Oceania Perinatal Societies, the International Society of Perinatal Obstetricians

22 Suppl 2: 5–23.

26. Norman JE, Bollapragada S, Yuan M, Nelson SM (2007) Inflammatory

pathways in the mechanism of parturition. BMC pregnancy and childbirth 7

Suppl 1: S7.

27. Yuan M, Jordan F, McInnes IB, Harnett MM, Norman JE (2009) Leukocytes

are primed in peripheral blood for activation during term and preterm labour.

Molecular human reproduction 15: 713–724.

28. Lee SM, Lee KA, Kim SM, Park CW, Yoon BH (2011) The risk of intra-

amniotic infection, inflammation and histologic chorioamnionitis in term

pregnant women with intact membranes and labor. Placenta 32: 516–

521.

29. Seong HS, Lee SE, Kang JH, Romero R, Yoon BH (2008) The frequency of

microbial invasion of the amniotic cavity and histologic chorioamnionitis in

women at term with intact membranes in the presence or absence of labor.

American Journal of Obstetrics and Gynecology 199: 375 e371–375.

30. DiGiulio DB, Romero R, Kusanovic JP, Gomez R, Kim CJ, et al. (2010)

Prevalence and diversity of microbes in the amniotic fluid, the fetal inflammatory

response, and pregnancy outcome in women with preterm pre-labor rupture of

membranes. Am J Reprod Immunol 64: 38–57.

31. Cobo T, Kacerovsky M, Palacio M, Hornychova H, Hougaard DM, et al. (2012)

Intra-amniotic inflammatory response in subgroups of women with preterm

prelabor rupture of the membranes. PLoS One 7: e43677.

32. Friebe A, Volk HD (2008) Stability of tumor necrosis factor alpha, interleukin 6,

and interleukin 8 in blood samples of patients with systemic immune activation.

Archives of pathology & laboratory medicine 132: 1802–1806.

33. Jackman RP, Utter GH, Heitman JW, Hirschkorn DF, Law JP, et al. (2011)

Effects of blood sample age at time of separation on measured cytokine

concentrations in human plasma. Clinical and vaccine immunology : CVI 18:

318–326.

34. Knudsen LS, Christensen IJ, Lottenburger T, Svendsen MN, Nielsen HJ, et al.

(2008) Pre-analytical and biological variability in circulating interleukin 6 in

healthy subjects and patients with rheumatoid arthritis. Biomarkers :

biochemical indicators of exposure, response, and susceptibility to chemicals

13: 59–78.

35. Tworoger SS, Hankinson SE (2006) Collection, processing, and storage of

biological samples in epidemiologic studies: sex hormones, carotenoids,

inflammatory markers, and proteomics as examples. Cancer epidemiology,

biomarkers & prevention : a publication of the American Association for Cancer

Serum sTREM-1 in Labor

PLOS ONE | www.plosone.org 6 February 2013 | Volume 8 | Issue 2 | e56050



Research, cosponsored by the American Society of Preventive Oncology 15:

1578–1581.
36. Gibot S, Cravoisy A, Kolopp-Sarda MN, Bene MC, Faure G, et al. (2005) Time-

course of sTREM (soluble triggering receptor expressed on myeloid cells)-1,

procalcitonin, and C-reactive protein plasma concentrations during sepsis.

Critical Care Medicine 33: 792–796.

Serum sTREM-1 in Labor

PLOS ONE | www.plosone.org 7 February 2013 | Volume 8 | Issue 2 | e56050


