
Research Article
Diagnostic Potential of Evaluation of SDF-1𝛼 and sRAGE Levels
in Threatened Premature Labor

RafaB Rzepka,1 Barbara DoBwgowska,2 Aleksandra Rajewska,1 Daria SaBata,2

Marta Budkowska,2 Sebastian Kwiatkowski,1 and Andrzej Torbé1

1Department of Obstetrics and Gynecology, Pomeranian Medical University, Ulica Powstańców Wielkopolskich 72,
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Ulica Powstańców Wielkopolskich 72, 70-111 Szczecin, Poland

Correspondence should be addressed to Rafał Rzepka; rafalrz123@gmail.com

Received 27 April 2016; Revised 28 June 2016; Accepted 3 July 2016

Academic Editor: Mittal Suneeta

Copyright © 2016 Rafał Rzepka et al. This is an open access article distributed under the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Preterm birth remains the most prevalent cause of neonatal morbidity.This study aimed to evaluate the diagnostic value of SDF-1𝛼,
resistin, secretory RAGE (sRAGE), and endogenous secretory RAGE (esRAGE) in preterm labor. A total of 211 pregnant women
participated in the study. GroupA contained 72women between 22 and 36weeks of gestation, with premature labor, who finally had
preterm birth. Group B contained 66 women in labor between 37 and 41 weeks of gestation. Women in group A had lower SDF-1𝛼
and sRAGE levels than those in group B. Moreover, in group A, SDF-1𝛼 and sRAGE levels were correlated with the latency period
from the occurrence of premature labor symptoms until delivery. Sensitivity and specificity of studied parameters for prediction of
preterm birth were 95% and 40% for SDF-1𝛼 and 51.3% and 93.5% for sRAGE, respectively. The prognostic value of plasma SDF-
1𝛼 and sRAGE levels was comparable with that of cervical length ultrasound measurement and serum C-reactive protein levels.
We conclude that SDF-1𝛼 and sRAGE appear to play a major role in the diagnosis of preterm birth and its evaluation could be
convenient and useful for predicting preterm birth.

1. Introduction

In developed countries, premature birth is the leading cause
of neonatal mortality and morbidity, with disability as a con-
sequence [1]. An extremely high neonatal risk is associated
with delivery between 22 and 26 weeks of gestation. A total
of 65% of neonates born in such early pregnancies die within
30 days as patients of intensive neonatal care wards [2].

Preterm delivery can be iatrogenic or spontaneous. Iatro-
genic preterm birth is the result of medical intervention,
usually due to fetal and/or maternal conditions (e.g., fetal
growth restriction, and preeclampsia). Spontaneous preterm
labor and delivery are a heterogeneous condition with many
triggers and risk factors, including maternal genital tract
hemorrhage, cervical dysfunction, idiopathic uterine con-
tractions, malnutrition, multifetal pregnancy, and sponta-
neous rupture of the fetal membranes [3, 4].

The most prevalent cause of spontaneous preterm labor
is local or generalized infection [5–7]. Infection leads to
activation of the immune system via toll-like receptors and
cytokine overproduction. This leads to an increase in the
activity of prostaglandins and metalloproteinases, which are
cardinal initiators of preterm uterine activity and/or preterm
premature rupture of themembranes [8–10]. Susceptibility to
intrauterine infection is inversely proportional to gestational
age [11]. In cases of delivery between 22 and 24 weeks of
gestation, the risk of chorioamnionitis is as high as 94.4%
and decreases to only 3.8% at term [12]. Interestingly, the
same vaginal bacteria can initiate preterm labor at 24 weeks
of gestation, while at the 36th week these bacteria are not able
to cause any disease [13]. The cause of this phenomenon still
remains unclear.

Stromal cell-derived factor 1𝛼 (SDF-1𝛼) is a chemokine
from the CXC group. SDF-1𝛼 is produced mostly in bone
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marrow stromal cells and epithelial cells of the pancreas,
spleen, ovary, small intestine, and other organs [14]. Expres-
sion of SDF-1𝛼 is also found in human trophoblasts [15].
SDF-1𝛼 probably facilitates trophoblast invasion and spiral
artery remodeling. SDF-1𝛼 enhances vascular endothelial
growth factor expression in pregnancy and also partici-
pates in neovascularization. CXC chemokine receptor type 4
(CXCR4) activation by SDF-1𝛼 is one among many aspects
of induction of maternal-fetal immune tolerance to allow
proper development of pregnancy [15, 16].

Secretory receptors for advanced glycation end products
(sRAGE) and endogenous secretory receptors for advanced
glycation end products (esRAGE) belong to the group of neg-
ative forms of RAGE [17]. Ligand-RAGE interaction increases
oxidative stress and stimulates production of nuclear kappa-
B factor (NF-𝜅B). NF-𝜅B activates the expression of genes
for cytokines, such as tumor necrosis factor- (TNF-) 𝛼,
interleukin- (IL-) 1 and IL-6, and genes for the adhesive
proteins VCAM-1 and ICAM-1, which participate in the
inflammatory response [18]. After its loss of affinity for
heparan sulfate, the sRAGE-ligand complex is released to cir-
culating blood. Finally, the sRAGE-ligand complex becomes
degraded in the spleen or liver. In blood vessels, sRAGE
and esRAGE play an important protective role against toxic
effects of ligand-RAGE complexes, reducing the inflamma-
tory response [19, 20].

Resistin (RE) is an adipokine from the family of cysteine-
rich proteins, referred to as resistin-like molecules. In
humans, resistin is mainly produced in inflammatory cells
of peripheral blood, such as monocytes and macrophages
[21]. Resistin gene expression can be modulated via some
inflammatory signal molecules, with nuclear kappa-B fac-
tor and cytokines among them [22]. IL-6, TNF-𝛼, and
lipopolysaccharide stimulate the expression of the resistin
gene [23]. RE plays a role in some inflammatory diseases. An
increased level of RE was found not only in synovial fluid in
patients suffering from rheumatoid arthritis, but also in blood
plasma of patients with nonspecific inflammatory diseases
[24, 25]. Some researchers have postulated the importance of
resistin in premature labor [26].

Nevertheless, the role of the above-mentioned biochemi-
cal factors in premature labor is still unclear. Changes in their
concentrations probably affect the inflammatory response in
the course of premature labor. Such fluctuations can also
moderate susceptibility of thematernal-fetal unit to infection.

2. Objectives

The objectives of this research were to compare plasma SDF-
1𝛼, RE, sRAGE, and esRAGE concentrations between women
who had premature birth and those at term. Additionally,
we aimed to assess the prognostic value of plasma SDF-
1𝛼, RE, sRAGE, and esRAGE concentrations for preterm
birth in women presenting with symptoms of premature
labor. Finally, this study aimed to compare the usefulness of
determining SDF-1𝛼, RE, sRAGE, and esRAGE levels with
cervical length by ultrasound and serum C-reactive protein
level measurement in clinical practice.

3. Materials and Methods

The study was conducted in the Department of Obstetrics
and Gynecology and in the Department of Laboratory
Diagnostics and Molecular Medicine of the Pomeranian
Medical University in Szczecin, Poland, from January 01,
2013, to December 30, 2015. A total of 211 pregnant women
were included in the study and then assigned to two study
groups and two control groups. Study group A contained
72 women with a gestational age between 22 and 36 weeks,
presenting with symptoms of premature labor, who finally
delivered prematurely. Study group B consisted of 66 women
in labor between 37 and 41 weeks of gestation. Control
group C contained 40 women at a gestational age from 22 to
37 weeks without signs or symptoms of threatened premature
labor. Control group D comprised 33 women at a gestational
age from 37 to 41 weeks with no symptoms of onset of
spontaneous labor.

Criteria for inclusion in groupAwere as follows: (i) spon-
taneous uterine activity, which was visible in cardiotocog-
raphy, lasting for at least 2 hours, with at least four uterine
contractions per hour, with concomitant cervical effacement
to less than 25mm in ultrasound measurement, between 22
and 36 weeks of gestation; (ii) preterm premature rupture
of the membranes between 22 and 36 weeks of gestation,
confirmed with a positive result of a test for the presence of
insulin-like growth factor binding protein-1 in cervicovaginal
discharge; and (iii) completion of delivery before 36 weeks
of gestation. The criterion for inclusion in group B was
spontaneous uterine activity as shown by cardiotocography
after 37 weeks of gestation, lasting for at least 2 hours, with
at least four uterine contractions per hour with concomitant
cervical effacement to less than 25mm in ultrasound mea-
surement. Criteria for inclusion in group C were as follows:
(i) gestational age between 22 and 36 weeks, (ii) absence of
spontaneous uterine activity as shown by cardiotocography,
and (iii) cervical length longer than 25mm in ultrasound
measurement. The criterion for inclusion in group D was the
absence of uterine activity as shown by cardiotocography in
pregnancy lasting more than 37 weeks.

Patients with multiple pregnancies, fetal malformations,
preeclampsia, and systemic diseases were excluded from the
study. The detailed characteristics of the study groups are
shown in Table 1.

Not later than 2 hours after admission to the depart-
ment, peripheral maternal blood was sampled from the
ulnar vein and placed into tubes containing EDTA-K2. After
centrifugation (10 minutes at 5000×g), plasma samples were
stored at −80∘C until analyses of SDF-1𝛼, RE, sRAGE, and
esRAGE concentrations could be performed. Immunoassay
methods were used to measure SDF-1𝛼, sRAGE, esRAGE,
and resistin concentrations.The humanCXCL12/SDF-1 alpha
ELISA method (R & D Systems) was used for quantitative
measurement of human SDF-1𝛼, with a calibration range
of 156–10,000 pg/mL, and a limit of detection of 47 pg/mL.
Human resistin ELISA (Bio Vendor Research and Diagnostic
Products) was used for quantitative measurement of human
resistin levels, with a calibration range of 1000–50,000 pg/mL
and a limit of detection of 12 pg/mL. Human sRAGE ELISA
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Table 1: General characteristic of study groups.

Parameter Group A
preterm labor

Group B
term labor

𝑝

value
Number of women 72 66 —
Age (years) 30.17 ± 6.22 27.86 ± 5.94 0.04
Gestational age (weeks) 31.72 ± 3.35 38.87 ± 1.09 0.00
Parity 2 ± 1 2 ± 1 NS

Birth weight (g) 1945.45 ±

723.32

3288.09 ±

413.15

0.00

Smoker (𝑁) 10 8
NS

Nonsmoker (𝑁) 62 58
Place of residence, city
(𝑁) 45 40

NS
Place of residence, village
(𝑁) 27 26

Excellent socioeconomic
status (𝑁) 34 30

NS
Mediocre socioeconomic
status (𝑁) 38 36

(Bio Vendor Research and Diagnostic Products) was used
for quantitative measurement of human sRAGE with a cal-
ibration range of 50–3200 pg/mL, and a limit of detection of
19.2 pg/mL.Human esRAGEELISA (Cusabio, CSB-E15773 h)
was used for quantitative measurement of human esRAGE.
The calibration range for esRAGE was 0.625–40 ng/mL, with
a limit of detection of 0.156 ng/mL. Coefficients of variation
for the assays are shown in Table 2.

All women included in the study groups also had their
white blood cell count and C-reactive protein (CRP) levels
measured. In groups A and C, the ultrasound cervical length
was assessed with a vaginal probe, which was placed in
the vestibule of the vagina. The arithmetic mean of three
subsequent measurements was used in the study. In group
A, intravenous inflow of fenoterol at a dosage ranging from
0.0035 to 0.005mg/minwas administered as a tocolytic agent,
until inhibition of uterine contractions.The pregnant women
were also administered betamethasone in two 12mg doses
with 24-hour intervals to accelerate fetal lung maturation.
Group A was also categorized into subgroups by the duration
of pregnancy from the diagnosis of premature labor up to
delivery, with a 48-hour cut-off point.

The study was approved by the Bioethical Committee
of the Pomeranian Medical University (KB-0012/121/12). All
women gave their written informed consent prior to their
inclusion in the study.

3.1. Statistical Analysis. Statistical evaluation was performed
using Statistica 12.5 PL software for Windows. The distri-
bution of variables was checked using the nonparametric
Shapiro-Wilk W test, and, according to its results, values
were further analyzed. A level of significance (p) lower
than 0.05 was considered significant. For presentation of
nonnormally distributed variables, the number of patients
(N), range in values (minimum to maximum), median (Me),
and first and third quartile values (Q1–Q3) were included

Table 2: Coefficients of variation for the ELISA assays.

Assay Coefficient of variation
Intra-assay (%) Interassay (%)

SDF-1𝛼 3.4 9.4
RE 5.2 7.0
sRAGE 4.00 7.15
esRAGE 5.20 8.50
SDF-1𝛼: stromal cell-derived factor 1𝛼; RE: resistin; sRAGE: secretory recep-
tors for advanced glycation end products; esRAGE: endogenous secretory
receptors for advanced glycation end products.

in descriptive statistics. To assess the differences between
analyzed parameters between two groups, theMann-Whitney
test for unpaired variables was used. For statistical analysis
of the relationship between X and Y, correlation coefficients
were estimated using Spearman’s test. Receiver operating
characteristic (ROC) curve analyses were used to determine
the cut-off point, as well as the predictive value of tests, and
their sensitivity, specificity, and positive and negative predic-
tive values. The accuracy was also determined. Comparison
of the area under the curve was used for comparison of
diagnostic tests.

4. Results

Most parameters in our study had a nonnormal distribution
(Shapiro-Wilk test, 𝑝 < 0.05). To exclude the potential effect
of gestational age on plasma SDF-1𝛼, resistin, sRAGE, and
esRAGE concentrations, we compared their levels between
the control groups. There was no significant difference in
plasma SDF-1𝛼, resistin, sRAGE, and esRAGE concentrations
between the control groups (Table 3).

Data on the descriptive statistics in the study groups is
shown inTable 4. PlasmaRE and esRAGE levels and theWBC
were not significantly different between the study groups
(Table 5). Plasma SDF-1𝛼 and sRAGE concentrations were
significantly lower in group A than in group B (Figure 1).
In group A, there were positive correlations of the latency
period from the onset of premature labor symptoms until
delivery with plasma sRAGE and SDF-1𝛼 concentrations and
cervical length measured in vaginal ultrasound (𝑟 = 0.301,
𝑝 = 0.01; 𝑟 = 0.301, 𝑝 = 0.01; 𝑟 = 0.247, 𝑝 =
0.04, resp.). A negative correlation between the duration of
the latency period and plasma CRP concentrations was also
found.Women in groupAwhodelivered in less than 48 hours
from the onset of premature labor had lower plasma SDF-1𝛼
and sRAGE levels than thosewith a longer latency period (Me
= 1765 pg/mL versus 2720 pg/mL; Me = 366.3 pg/mL versus
636.9 pg/mL, resp.). Comparison of values of parameters that
depended on the duration of the latency period is shown
in Table 6. ROC curve analysis showed that plasma SDF-1𝛼
concentrations higher than 1379.5 pg/mL and sRAGE higher
than 618.9 pg/mL indicated a low risk of delivery in less
than 48 hours from the onset of symptoms. The sensitivity
of SDF-1𝛼 was as high as 95%, but its specificity reached
only 40%, similar to sRAGE, with a sensitivity of 93.5% and
specificity of 51.3%.Ultrasound cervical lengthmeasurement,
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Table 3: Mann-Whitney comparison of study parameters between control groups.

Parameter Control group C, preterm pregnancy Control group D, term pregnancy
𝑝

𝑁 Min–max Q1 Q3 Median 𝑁 Min–max Q1 Q3 Median
SDF-1𝛼 (pg/mL) 40 1018–3437 1547 2654 2182 33 1354–5362 1855.5 3477.5 2678 NS
RE (pg/mL) 40 4075–17750 6189 12120 8768 33 3292–121500 7061 14733 1019 NS
sRAGE (pg/mL) 40 128.7–1216 551.7 870 765.1 33 85.64–1947 285.18 887.55 714.4 NS
esRAGE (pg/mL) 40 345.0–940.0 432.1 582.8 499.3 33 400.0–1040 488.4 599.6 539.3 NS
SDF-1𝛼: stromal cell-derived factor-1𝛼; RE: resistin; sRAGE: secretory receptors for advanced glycation end products; esRAGE: endogenous secretory receptors
for advanced glycation end products; Q1: quartile 1; Q3: quartile 3; min: minimum; max: maximum.

Table 4: Descriptive statistics of the study groups.

Parameter Group A, preterm labor Group B, term labor
𝑁 Min–max Q1 Q3 Median 𝑁 Min–max Q1 Q3 Median

WBC (109/L) 72 3.32–25.4 9.96 14.4 12.0 65 7.14–21.08 9.97 14.0 11.9
CRP (mg/L) 72 0.3–19.0 1.5 4.9 3.0 65 0.2–77.3 2.7 11.8 5.8
SDF-1𝛼 (pg/mL) 72 1000–5515 1553 2418 2031 65 1018–5362 1836 3128 2374
RE (pg/mL) 72 3958–52950 6787 11180 8214 65 3277–131800 7022 14640 9739
sRAGE (pg/mL) 72 48.9–4872 333.2 683.4 456.0 65 77.4–1787.7 458.4 882.9 736.9
esRAGE (pg/mL) 72 230.0–958.8 463.05 604.7 526.6 65 345.0–1096.8 472.1 599.2 532.1
WBC: white blood cells; CRP: C-reactive protein; SDF-1𝛼: stromal cell-derived factor-1𝛼; RE: resistin; sRAGE: secretory receptors for advanced glycation end
products; esRAGE: endogenous secretory receptors for advanced glycation end products; Q1: quartile 1; Q3: quartile 3; min: minimum; max: maximum.

Table 5: Comparison of study parameters between study groups.

Parameter
Rank-sum
group A,

preterm labor

Rank-sum
group B,
term labor

𝑈 𝑍 𝑝

WBC (109/L) 3454 3101.0 1561.5 −0.346 NS
CRP (mg/L) 3683 1168 640.00 −3.148 0.001
SDF-1𝛼 (pg/mL) 3675 3346 1190 2.682 0.007
RE (pg/mL) 3509 3872 1493 1.730 NS
sRAGE (pg/mL) 4068 4709 1583.5 2.671 0.007
esRAGE (pg/mL) 3755.5 3625.5 1739.5 0.451 NS
WBC: white blood cells; CRP: C-reactive protein; SDF-1𝛼: stromal cell-
derived factor-1𝛼; RE: resistin; sRAGE: secretory receptors for advanced gly-
cation end products; esRAGE: endogenous secretory receptors for advanced
glycation end products; 𝑈: Mann-Whitney U test; 𝑍: Mann-Whitney Z test;
𝑝: Mann-Whitney level of significance.

with a cut-off point 25mm, had a sensitivity of 45% and
specificity of 96.8%. Sensitivity of plasmaCRP concentrations
was 62.2% and specificity reached 72.4%. ROC analysis is
shown in Figure 2. Comparison of the area under the ROC
curve among cervical length, and plasma CRP, SDF-1𝛼, and
sRAGE levels did not show significant differences. Prognostic
values of SDF-1𝛼 and sRAGE tests were comparable with
those of ultrasound calculation of cervical length and CRP
levels (Figure 3).

5. Discussion

This study showed that plasma levels of SDF-1𝛼, sRAGE,
esRAGE, and resistin were independent of gestational age,
which enabled analysis of their changes in groups A and B
as markers of premature labor.

In our study, plasma SDF-1𝛼 concentrations were lower
in women who gave birth prematurely. Modulation of
immune system function is necessary for normal devel-
opment of pregnancy [27–29]. The maternal-fetal unit
needs to increase its production of Th2-dependent anti-
inflammatory cytokines, such as IL-4 and IL-10, and to reduce
production of Th1-dependent proinflammatory cytokines,
including interferon-gamma and TNF-𝛼 [27–29]. Piao et al.
showed that the axis SDF1/CXCR4 participates in Th1/Th2-
dependent cytokine production, especially enhancing syn-
thesis of those with anti-inflammatory function. Inhibition
of SDF-1𝛼 receptor changes the balance towards overpro-
duction of Th1-dependent proinflammatory cytokines [30].
Other researchers have also suggested that abnormalities of
immunological interactions between pregnant woman and
the trophoblast can result in miscarriage, preterm delivery,
or intrauterine growth restriction [31–35]. Some reports
have shown SDF1-𝛼 deficiency as a source of complications
in pregnancy, especially preeclampsia. Song et al. found
decreased CXCL12 gene expression in women with severe
preeclampsia in preterm pregnancy compared with healthy
pregnant women [36]. In vitro experiments in sheep showed
that stimulation of trophoblast cells with CXCL12 increased
the expression of mRNA for vascular endothelial growth
factor and fibroblast growth factor 2, which are important
for placentation [37]. Low expression of SDF-1𝛼/CXCR4 in
placentas of women with preeclampsia appears to confirm
the role of CXCL12/CXCR4 in this type of complication in
pregnancy [38]. In contrast, Laudanski et al. analyzed plasma
SDF-1𝛼 levels in 109 women with threatened premature labor
and delivery and did not find any significant difference
compared with women who delivered at term [34]. Similarly,
another study showed no difference in plasma SDF-1𝛼 con-
centrations between women who delivered prematurely and
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Figure 1: Comparison of SDF-1𝛼, CRP, and sRAGE between the groups.TheMann-WhitneyU test was used for comparison between groups.

those who delivered at term [35]. However, increased SDF-
1𝛼 plasma levels have been shown to be present in premature
neonates [35]. Tseng et al. showed the protective function
of increased SDF-1𝛼 concentrations in amniotic fluid in the
second trimester of pregnancy. They showed a significantly
lower prevalence of preterm birth in women who had higher
amniotic fluid SDF-1𝛼 levels [16].

Our results appear to be consistent with molecular
theories of the SDF-1/CXCR4 axis. Changes in homeostasis
towards overproduction of Th1-dependent cytokines as an
effect of SDF-1𝛼 deficiency can activate the proinflammatory
cascade, resulting in preterm delivery. The finding of a

correlation between plasma SDF-1𝛼 levels and the duration
of the latency period from the onset of premature labor to
completed delivery suggests a protective role of this factor.

The role of negative forms of RAGE receptors is currently
the focus of research. Studies have mostly confirmed a
protective function of sRAGE against inflammatory diseases
[39–45]. In our study, there were lower plasma sRAGE levels
in group A, containing patients who gave birth prematurely.
The ligand-RAGE receptor interaction enhances oxidative
stress via NADPH oxidase activation and some transcription
activating factors. These factors are mainly NF-𝜅B and
mitogen-activated protein kinase [18, 46]. After its release,
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Table 6: Comparison of study parameters between subgroups in the group of preterm labor.

Parameter Group A1 < 48 h Group A2 > 48 h
𝑝

𝑁 Min–max Q1 Q3 Median 𝑁 Min–max Q1 Q3 Median
CL (mm) 31 9–32 11 21 14 41 8–35 12 31 19.5 0.04
WBC (109/L) 31 3.32–25.4 10.19 14.42 13.09 41 6.8–21.9 9.7 14.1 11.1 NS
CRP (mg/L) 31 0.4–77.3 5.3 14.4 7.6 41 0.2–41.7 2.3 8.3 4.45 0.01
SDF-1𝛼 (pg/mL) 31 1000–5515 1200 2192 1765 41 1101–4282 1766 2720 2168 0.01
RE (pg/mL) 31 4223–30060 6732 11830 8572 41 3958–52950 6843 10530 8035 NS
sRAGE (pg/mL) 31 48.99–4872 324.0 567.0 366.3 41 176.5–1125 333.6 760.1 636.9 0.01
esRAGE (pg/mL) 31 231.9–958.8 475.7 606.5 535.7 41 230.0–915.2 453.9 591.9 522.9 NS
CL: cervix length; WBC: white blood cells; CRP: C-reactive protein; SDF-1𝛼: stromal cell-derived factor-1𝛼; RE: resistin; sRAGE: secretory receptors for
advanced glycation end products; esRAGE: endogenous secretory receptors for advanced glycation end products; Q1: quartile 1; Q3: quartile 3; min: minimum;
max: maximum; 𝑝: Mann-Whitney level of significance.

active NF-𝜅B moves into the cell nucleus to activate expres-
sion of genes for proinflammatory cytokines, such as TNF-𝛼,
Il-1, and Il-6, and for the adhesive proteins VCAM-1 and
ICAM-1, of which their products contribute to the inflamma-
tory response [46, 47]. Inhibition of this process by negative
isoforms of receptors reduces the intensity of inflammation,
while deficiency of negative RAGE forms results in excessive
activation of the inflammatory response.

The protective role of increased sRAGE levels against
preterm delivery was also suggested by Bastek et al. in
their analysis of 529 women with premature labor [48].
They found that lower sRAGE concentrations were related
to earlier delivery. They concluded that sRAGE levels could
be a useful marker of preterm birth [48]. Similarly, another
study showed decreased RAGE receptor concentrations in
women with overt chorioamnionitis [49]. Germanová et al.
also suggested a protective function of sRAGE after finding
decreased plasma sRAGE levels in patients suffering from
premature labor and preeclampsia compared with those with
an uncomplicated pregnancy [50, 51]. They concluded that
further studies are required to demonstrate the usefulness
and importance of sRAGE in diagnosis of preterm labor.
Consistent with our results, Hájek et al. observed lower
sRAGE concentrations in women with premature labor
and preterm premature rupture of the membranes than in
healthy pregnant women. They postulated that even just
the occurrence of preterm labor symptoms is associated
with reduced levels of sRAGE and that sRAGE can be a
new marker for prediction of preterm delivery [52]. In our
study, we found lower sRAGE concentrations in women who
delivered prematurely. We observed a positive correlation
between plasma sRAGE levels and pregnancy duration. This
finding strongly suggests that reduced sRAGE levels enhance
the inflammatory response in women with premature labor.
Research from other branches of medicine has suggested that
low sRAGE concentrations augment inflammation, indicat-
ing that sRAGE is an independent risk factor of approaching
intensification of the disease [39, 53–55].We previously found
that decreased sRAGE levels were an independent predictive
parameter of preterm delivery in women with threatened
premature labor with intact membranes [56, 57].

Originally, resistin was only believed to play a part in
somemetabolic processes. Currently, there is a lot of evidence
that resistin is associated with the inflammatory response
[58–60]. Some researchers suggest that, in uncomplicated
pregnancies, resistin levels steadily increase. Higher resistin
concentrations are usually found at term [61].However, in our
study, we did not find higher resistin levels in patients at term.
Some researchers have observed increased plasma RE levels
in premature labor with accompanying chorioamnionitis
[26]. However, recently, Kominiarek et al. analyzed plasma
adiponectin, resistin, and leptin concentrations and did not
find any significant differences in these parameters between
women with premature labor and those who actually give
birth prematurely [62] as in our study groups. We also did
not find a correlation between resistin concentrations and
the latency period from the onset of symptoms of threatened
premature labor until the actual beginning of labor. Our
study indicated the inadequacy of resistin concentrations as
a diagnostic parameter in premature labor.

The prevalence of preterm birth in Europe and in
the United States has remained constant for many years
[63]. However, there is still no ideal marker for prediction
of preterm delivery. Ultrasound measurement of cervical
length, plasma CRP levels, and fibronectin concentrations in
cervicovaginal discharge are currently the most commonly
used markers in such circumstances [64–68]. In our study,
we found associations between plasma CRP, sRAGE, and
SDF-1𝛼 levels and cervical length and pregnancy duration.
Therefore, we decided to calculate the predictive value of
each marker for completion of delivery in 48 hours from
the onset of threatened premature labor symptoms. For
practical reasons, a 48-hour period was set, as necessary for
effective use of prenatal corticosteroid therapy. ROC curve
analysis showed that the values of sensitivity and specificity
of SDF-1𝛼 and sRAGE plasma concentrations were similar
with those of plasma CRP concentrations and cervical length
ultrasound measurements. Analysis and comparison of the
areas under the ROC curves did not show superiority of
any of the common premature labor markers over the new
markers that we investigated. Because of major limitations
in our study group size, alternative use of plasma SDF-1𝛼



BioMed Research International 7

Receiver operating characteristic
SDF-1 (pg/mL)

Cut-off point = 1379.5; AUC = 0.676

1379.5

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

Se
ns

iti
vi

ty
1 − specificity

Receiver operating characteristic
CRP (mg/L)

Cut-off point = 5.4; AUC = 0.664

5.4

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

Se
ns

iti
vi

ty

1 − specificity

Receiver operating characteristic
sRAGE (pg/mL)

Cut-off point = 618.9; AUC = 0.675

618.9

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

Se
ns

iti
vi

ty

1 − specificity

Receiver operating characteristic
Cervix length (mm)

Cut-off point = 25; AUC = 0.643

25

0.0 0.2 0.4 0.6 0.8 1.0
0.0

0.2

0.4

0.6

0.8

1.0

Se
ns

iti
vi

ty

1 − specificity

Figure 2: ROC curves analysis of CRP, SDF-1𝛼, sRAGE, and cervix length for time from symptoms until delivery.

and sRAGE level assessment instead of plasma CRP levels
or cervical length measurement is not yet unquestionable.
Nevertheless, use of other premature labor markers, such as
damage-associated molecular patterns and the RAGE recep-
tors, appears reasonable [69]. Analysis of the chemokines in
the context of pathogenesis of premature labor, with spe-
cial attention to those modulating Th1- and Th2-dependent
immune responses, could be a promising research option.

6. Conclusions

Decreased plasma SDF-1𝛼 and sRAGE concentrations in
women who deliver prematurely suggest the importance of
deficiency of these factors for preterm labor. Further investi-
gations on this issue are required. Additionally, significantly
decreased plasma SDF-1𝛼 and sRAGE levels in women who
deliver in less than 48 hours from the onset of threatened
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Figure 3: Group A. Areas under the ROC curves comparison for
CRP, cervix length, sRAGE, and SDF-1𝛼.

premature labor suggest that assessment of these markers is
useful for diagnosing this complication.

Analysis and comparison of the areas under the ROC
curves for cervical length and plasma CRP, SDF-1𝛼, and
sRAGE levels in groupA showed that none of the investigated
parameters is an ideal marker of preterm delivery. However,
the clinical value of assessment of SDF-1𝛼 and sRAGE
concentrations is comparable with that of cervical length and
plasma CRP levels. Further research is required in the field
of chemokines and negative RAGE receptor isoforms in the
diagnosis of premature labor.

Competing Interests

The authors declare that there are no competing interests
regarding the publication of this paper.

Acknowledgments

The authors thank Miroslaw Mochnaczewski who corrected
the English grammar and style of their paper.

References

[1] March of Dimes Foundation. March of Dimes White Paper on
Preterm Birth:TheGlobal and Regional Toll 2009, https://www
.sheffield.ac.uk/polopoly fs/1.85389!/file/March-of-Dimes-Pre-
term-Birth-White-Paper.pdf.

[2] K. Costeloe, E. Hennessy, A. T. Gibson, N. Marlow, and A. R.
Wilkinson, “The EPICure study: outcomes to discharge from

hospital for infants born at the threshold of viability,” Pediatrics,
vol. 106, no. 4, pp. 659–671, 2000.

[3] H. M. Georgiou, M. K. W. Di Quinzio, M. Permezel, and S.
P. Brennecke, “Predicting preterm labour: current status and
future prospects,”Disease Markers, vol. 2015, Article ID 435014,
9 pages, 2015.

[4] J. N. Robinson, J. A. Regan, and E. R. Norwitz, “The epidemi-
ology of preterm labor,” Seminars in Perinatology, vol. 25, no. 4,
pp. 204–214, 2001.

[5] R. Gomez, F. Ghezzi, R. Romero, H. Munoz, J. E. Tolosa,
and I. Rojas, “Premature labor and intra-amniotic infection:
clinical aspects and role of the cytokines in diagnosis and
pathophysiology,” Clinics in Perinatology, vol. 22, no. 2, pp. 281–
342, 1995.

[6] C. Ryszard, R. Rafał, K. Sebastian et al., “Vaginal and cervical
bacterial colonization in patients with threatening preterm
labor,” Ginekologia Polska, vol. 81, no. 11, pp. 840–843, 2010.
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