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Abstract

As a member of the chemokine family, CXCL3 was previously known to participate in
many pathophysiological events. However, whether CXCL3 stimulates trophoblast
invasion as a key process of preeclampsia pathogenesis remains largely unknown.
Therefore, the aim of this study was to investigate this hypothesis and determine the
effect of CXCL3 on the first trimester trophoblast. Seventy gravidas were included in
this study. ELISA was used to detect CXCL3 plasma levels on preeclampsia and
normal pregnant groups. CXCL3 protein and mRNA levels were detected via Western
blot and real-time quantitative PCR analysis after immunolocalized in human
placenta. Moreover, the CXCL3 function in HTR-8/Svneo was analyzed via WST-1
assay, flow cytometry and invasion test. The plasma CXCL3 level in preeclampsia
was significantly higher than that in normal pregnancy. CXCL3 expression was
observed in the cytoplasm of placental trophoblasts and vascular endothelium in all
groups without significant difference between maternal and fetal sides. In addition,
placenta CXCL3 expression in severe preeclampsia was significantly lower than
those in normal and mild PE groups. Moreover, exogenous CXCL3 can promote the
proliferation and invasion of HTR-8/Svneo; however, its effect on apoptosis remains
unclear. In summary, a significant abnormality of plasma CXCL3 level and placental
CXCL3 expression was discovered in severe preeclampsia; CXCL3 had a function in
trophoblast invasion, which indicated its participation in shallow implantation.
Therefore CXCL3 might be involved in severe preeclampsia pathogenesis.
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Introduction

Preeclampsia is an important and specific complication of pregnancy. This
condition is characterized by the onset of hypertension after 20 weeks of gestation
with accompanying proteinuria, which affects approximately 3.4% of all
pregnancies [1]. Preeclampsia is a major cause of maternal mortality and a risk
factor for fetal growth restriction and fetal death [2]. Increasing evidence have
suggested that preeclampsia result from placental dysfunction during the first
trimester, which is caused by the shallow invasion of extravillous trophoblast cells
and impaired vascular development in the placental bed [3,4].

Chemokines function as regulators of leukocyte migrate to damaged tissue site
when inflammation or infection occurs. Chemokines are divided into four
subfamilies (namely, CXC, CC, C, and CX3C) based on different conserved
cysteine residues parts. As a part of CXC chemokines, growth-related oncogene
(GRO) chemokine is encoded by the human GRO gene. GRO is divided into three
extremely homologous subtypes, namely, GRO-a (CXCL1), GRO-B (CXCL2),
and GRO-y (CXCL3) [5]. CXCL3 (GRO-7) belongs to the CXC family
bearing(ELR+) motif, glutamic acid(E), leucine(L), and arginie(R). And the ELR+
motif precedes the first two cysteines, which are separated by one amino acid
(CXC) [6,7]. CXCL3 functions after binding the receptor, CXCR2. CXCR2
promotes chemotaxis and angiogenesis via the extracellular signal-regulated
protein kinase 1/2 (ERK 1/2) pathway after combining with ELR+ CXC
chemokine. CXCR2 is expressed in human vascular endothelial cells, basophilic
granulocytes, and T lymphocytes [8,9]. One recent study had demonstrated that
CXCL3 is involved in precursors of cerebellar granule neuron migration [10].

Chemokines affect angiogenesis and have a function in cell migration and
invasion. Studies have confirmed that several subtypes of chemokines (namely,
CX3CL1, CCL14, and CCL4) can enhance the migration and invasion ability of
trophoblast cell, whereas the presence of trophoblast cells can increase the amount
of chemokines (namely, CXCL1, CXCL2, CXCL10, CCLS8, and receptor CXCR4)
[11,12,13,14]. However, Zhang’s study demonstrated that chemokine CXCL6
restricts human trophoblast cell migration and invasion [15]. CXCL3 also showed
increased gene expression in response to GnRH agonist treatments in trophoblast
cells, which may happen during the early stage of pregnancy [16]. Trophoblastic
invasion to the endometrium and spiral artery remodeling are important
processes during normal pregnancy. Moreover, failure of these processes to
proceed can cause abnormal pregnancy complications, such as preeclampsia.
Therefore, we presumed that CXCL3 was involved in preeclampsia pathogenesis.
We compared CXCL3 plasma level and placental expression between the
preeclampsia group and the normal pregnant group to determine the relationship
between CXCL3 and preeclampsia. In particular, we investigated the contribution
of CXCL3 to the biological behavior of trophoblast cells.
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Materials and Methods
Plasma and tissue specimens

Seventy gravidas who were referred to the obstetrics unit of West China Second
University Hospital from April 2011 to December 2011 were included in this
study. Preeclampsia is characterized by hypertension (systolic blood pressure
=140 mmHg and diastolic blood pressure =90 mmHg after 20 week gestation)
and proteinuria (=300 mg in a 24 hr urine collection or one dipstick
measurement =1+). This criterion was based on the recommendations of the
American College of Obstetricians and Gynecologists [17]. Severe preeclampsia
was diagnosed based on diastolic blood pressure =110 mmHg or significant
proteinuria (dipstick measurement of =2+) or the presence of severity symptoms,
such as headache, visual disturbances, upper abdominal pain, oliguria, convul-
sion, elevated serum creatinine, thrombocytopenia, marked liver enzyme
elevation, and pulmonary edema. A total of 45 confirmed cases of preeclampsia
were included in the study, 20 of which were mild preeclampsia(mild PE group)
and the other 25 were severe preeclampsia(severe PE group). A total of 25 healthy
control subjects were also included in the study for comparison. All pregnant
women were dated according to routine ultrasound measurements in the first
trimester, and preterm birth was defined as <37 and 0/7 completed weeks of
gestation. Written informed consent was obtained from all subjects, and the study
was approved by the Institutional Ethics Committee of West China Second
University Hospital. About 5 mL of blood was extracted from all patients with
anticoagulant before labor and therapeutic intravenous administration of
magnesium sulfate. Plasma was subsequently separated. All samples were stored at
—80°C until further use.

Placental tissues were collected as described previously [18]. Placental tissue in
the placenta central zone (i.e., umbilical cord attached to the contralateral
maternal side) was collected immediately after operation from women undergoing
elective Caesarean section without calcification and bleeding. All sealed samples
were collected and stored at —80°C until required.

Cell cultures

The extravillous trophoblast (EVT) cell line HTR-8/SVneo was provided by Dr
Yali Hu of Nanjing Drum Tower Hospital, The Affiliated Hospital of Nanjing
University Medical School, China. The said cell line was grown in RPMI 1640
(Hyclone, USA) supplemented with 10% heat-inactivated fetal calf serum (FCS),
penicillin (100 U/mL), and streptomycin (100 pg/mL) at 37°C and 5% CO,.

Enzyme-linked immunosorbent assay

CXCL3 plasma levels were determined using a commercial CXCL3 kit (Uscn Life
Science Inc. China) by following the manufacturer’s recommendations. All
samples were run in duplicate, and the mean value was reported. The lower
detection limit of CXCL3 in this assay was 7.8 pg/mL.
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Immunohistochemistry

Placental samples were fixed in formalin and embedded in paraffin. Sections

(4 pm) were deparaffinized, rehydrated, treated with 4% hydrogen peroxide for
10 min in the dark at room temperature, and autoclaved at 95°C for 10 min in
0.05 mol/L Tris-EDTA solution (PH 9.0) before incubated with rabbit anti-
human CXCL3 polyclonal antibody (1:100 dilution, Bioss, China) at 37°C for 2 h.
The sections were incubated with secondary antibody (goat anti-rabbit 1:1,000;
Beijing ZhongShan Biotechnology) for 45 min at 37°C after washing thrice in
PBS. The sections were counterstained with hematoxylin and mounted with a
cover glass. The negative control samples were incubated with PBS as an
alternative for anti-human CXCL3 antibody. Colon cancer sections were used as
positive control samples instead of placental tissue with routine staining.

Western blotting

The 1:1 mixture of 30 pg placenta samples and 2 x loading buffer (2.5 mL 0.5 M
Tris, pH 6.8, 2 mL glycerol, 2 mL 20% sodium dodecyl sulfate, and 3 mL double
distilled water with bromphenol blue with a deep blue color) was boiled for 5 min
before loading. The samples were separated on 15% sodium dodecyl sulfate—
polyacrylamide resolving gels with a 5% stacking gel by using Mini-PROTEAN
(Bio-Rad Laboratories, Inc., U.S.A.) at a constant voltage of 200 V. A prestained
protein ladder (10 kDa to 250 kDa; Thermo Fisher Scientific, Lithuania) was
loaded adjacent to the samples.

The protein was transferred for 25 min at a constant voltage of 90 V to
Immobilon-P polyvinylidene difluoride (PVDF) membranes (0.45 pm, Merk
Millipore, Germany) after pretreatment with methyl alcohol for 20 s. The
absorbance of the membrane background was decreased by blocking this structure
with 5% defatted milk for 30 min. Rabbit polyclonal anti-GRO gamma antibody
(1:100 dilution, Abcam, U.S.A.) and rabbit polyclonal anti-beta-actin (loading
control, 1:100 dilution, Bioss, China) were sealed up with the membranes at room
temperature for 2 h and at 4°C overnight, respectively. The membranes were
rinsed once and were subsequently washed twice for 1 min in TBST buffer
(25 mM Tris, pH 7.5, 150 mM NaCl, 0.5% Tween). The membranes were then
incubated with peroxidase-conjugated affiniPure goat anti-rabbit IgG (H+L,
1:1,000, Beijing ZhongShan Biotechnology) with gentle shaking at room
temperature for 1 h. Protein brands were detected using the CheniDoc XRS
system (Bio-Rad Laboratories, Inc. U.S.A.) after washing. Each optical density was
quantified using the Quantity One software.

Real-time fluorescent quantitative PCR

Total RNA was extracted using a TRNzol-A" reagent (Tiangen Biotech CO.,
Beijing, China), and its integrity was verified via agarose gel electrophoresis.
Reverse transcription reactions were performed using the ReverTra Ace MMLV
reverse transcriptase RnaseH- (Toyobo Co., Japan). Real-time PCR analyses were
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performed using Mastercycler epgradient S (Eppendorf, Germany) to determine
the number of cDNA molecules in the reverse-transcribed samples. PCR was
performed using 8.7 puL of 2 x Maxima SYBR Green qPCR Master Mix
(Fermentas Inc., Canada), 0.15 pL of each 5" and 3’ primer, 1 pL of the cDNA
samples, and 10 pL of H,O to a final volume of 20 pL. After the samples were
denatured at 95°C for 10 min, amplification and fluorescence determination were
performed in three steps, i.e., denaturation at 95°C for 15 s, annealing at 60°C for
1 min, and extension at 72°C for 30 s. Moreover, SYBR Green fluorescence was
detected at the end of extension, and this value reflects the amount of double-
stranded DNA. The amplification cycle number was 40. A melting curve was
obtained at the end of each run to discriminate specific from nonspecific cDNA
products. The data were normalized with GAPDH levels in the samples. The
primer sequences used for real-time PCR were listed respectively as follows:
forward: 5'-CGC CCA AAC CGA AGT CAT-3', reverse: 5'-GTG CTC CCC TTG
TTC AGT ATC T-3' for the CXCL3; the primers for GAPDH (internal control)
were: forward: 5'-GAA GGT GAA GGT CGG AGT C-3', reverse: 5'-GAA GAT
GGT GAT GGG ATT TC-3' (synthesized by Beijing DNAchem Biotechnology
Co., Ltd., China).

Cell viability and apoptosis assay

HTR-8/SVneo cells, which were seeded into 96-well microtiter plates at 1 x 10>
cells/well concentration, were treated with Recombinant Human GRO-y
(rhCXCL3) at different concentrations and time gradients after 12 h of starvation.
The proliferating activities of these cells were measured via water-soluble
tetrazolium salt (WST-1) assay (Beyotime, China). About 10 pL of WST-1 was
added per well. Moreover, the cells were incubated for 1 h before their optical
density was analyzed using an Infinite 200 PRO microplate reader (Tecan Group
Ltd., Switzerland) at 450 nm to determine cell viability. Each test was repeated in
triplicate.

Apoptosis was assessed via staining by using annexin-V-conjugated fluorescein
isothiocynate (FITC) and propidium iodide (PI) in an apoptosis detection kit
(KeyGEN BioTECH, China). The cells were treated with different concentrations
of recombinant proteins after being seeded on a slide for 24 h. Afterwards, the
cells were washed with PBS twice and dyed in 500 pL of the binding buffer with
5 pL of Annexin V-FITC and 5 pL of PI for 5 min at room temperature. Finally,
cell apoptosis quantification was performed using an inverted fluorescence
microscope (Zeiss, Germany).

Invasion assay

Cells that were treated with different concentrations of rhCXCL3 for 24 h after
12 h of starvation were suspended and seeded in the upper compartment of a
Matrigel Matrix (diluented 1:6; BD Biosciences, USA)-coated 24-well Transwell
units (8 pm, Costar) without FCS. By contrast, 500 pL of media that contain 10%
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FCS was placed into the bottom chamber to function as a chemoattractant. After
48 h of incubation in a cell culture incubator, non-invaded cells were removed
from the upper well by using cotton swabs. By contrast, the invaded cells, which
invaded through the matrigel and 8 um pores and subsequently adhered to the
lower surface of the membrane, were fixed with 4% paraformaldehyde, stained
with eosin, and photographed ( x 200) in five independent fields for each insert.
Triplicate assays were performed for each group of cells. Cells that traversed the
matrix and membrane were counted, and the total number of treated cells for
each membrane was compared with untreated control samples.

Statistical analyses

Data was expressed as mean + standard deviation. All comparisons employed
Student’s t-test (paired, two-tailed) to compare the two groups. In addition, one-
way ANOVA was used when more than two groups were compared. Spearman
rank order correlation coefficients (continuous variables) and Mann—Whitney U-
test (categorical variables) were performed to reveal the relationship between the
results and clinical parameters. For cell viability assay results, repetitive
measurement and ANOVA were adopted. The least significant difference (LSD)
method was applied in analyzing multiple comparisons between groups, and P-
value <0.05 was considered statistically significant.

Results
Baseline Characteristics

The characteristics of the participants are presented in Table 1. No significant
difference was noted in maternal age and body mass index at early pregnancy
among the three groups. Gestational age at sampling, gestational age at delivery,
birth weight, and fetal length of severe PE group were significantly lower than the
normal and mild PE group (P<C0.05). By contrast, the four characteristics of
preterm subgroup were significantly lower than that of full term subgroup in mild
PE group (P<C0.05). All pregnant women in the normal pregnant group
underwent full-term delivery, and 16 out of 20 cases in mild preeclampsia group
underwent full-term delivery. Moreover, all participants in the severe pre-
eclampsia group were premature.

Plasma CXCL3 concentration

Plasma CXCL3 level (71.31 +33.65 pg/mL) in the severe preeclampsia group was
significantly higher than that in the normal (28.71+11.91 pg/mL) and mild PE
group (30.65+13.00 pg/mL) (P <0.05). However, the difference between the
normal and mild PE group (P>0.05) was statistically insignificant. Termed
pregnancy subgroup (31.50+ 12.86 pg/mL) was not significantly different from
the preterm subgroup (27.26 4+ 14.98 pg/mL) in mild preeclamptic patients

(P>0.05) (Fig. 1A).
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Table 1. Clinical characteristics of study participants.

Normal pregnant group Mild PE group Severe PE group

| Fullterm(n=25) Full term(n=16) Preterm(n=4) Preterm(n=25)

Maternal age (years) 31.00+5.60 30.88+6.47 26.754+5.12 30.00+5.30

Early pregnancy body 22.28+3.33 23.80+2.37 23.21+4.00 22.57+3.30

mass index (kg/m?)

Gestational age at 38.30+1.02 38.67+1.20 34.38 +1.14% 30.93+3.19AA

plasma sampling

(weeks)

Gestational age at 38.80+1.17 39.05+1.43 35.39+0.86% 31.25+3.22/A

delivery (weeks)

Birth weight (g) 3362.00+440.50 3005.94 +787.40 2386.25+528.79+¢ 1903.00+776.60AA

Birth length (cm) 48.90+1.49 47.441+4.02 44.75+ 3.69% 40.84 +6.18AA

24h urine protein _ 2.36+2.24 4.85+2.72 4.44+2.89

Mean arterial pressure 81.96+7.04 112.40+14.80 119.33 +16.82 117.55+ 16.06

Data are presented as mean + standard error of the mean.

¥¢:Full term pregnancy compared with preterm pregnancy in mild PE group, P<0.05;
A:Severe PE group compared with normal pregnant group, P<0.05;

A:Severe PE group compared with mild PE group, P<0.05.

doi:10.1371/journal.pone.0114408.t001

We also investigated if the plasma CXCL3 levels of the study participants were
related to their clinical features and laboratory parameters. The results showed
that the plasma CXCL3 level of severe preeclampsia patients was positively
correlated with 24 h urinary protein (r*=0.660) (Fig. 1B). However, no
relationship between plasma CXCL3 level and antenatal blood pressure (as well as
other indicators) was found. Plasma CXCL3 level is not correlated with all clinical
features in mild patient group and normal pregnant group.

Placental CXCL3 expression and CXCL3-mRNA expression

Placenta showed marked CXCL3 levels in trophoblast cells and vascular
endothelial cells (both maternal and fetal sides) in all three groups. Human colon
adenocarcinoma, which was used as the positive control sample, also expressed
CXCL3 in the cytoplasm, whereas the negative control sample showed no
immunochemical reaction (Fig. 2).

Semi-quantitative analysis was performed via Western blot after CXCL3
location was confirmed in the placenta. Protein levels were normalized to B-actin,
and comparison among groups revealed that placental CXCL3 expression in the
severe PE group (2.18 +0.28) was significantly lower than that in the normal
(3.2140.34) and mild PE groups (2.96+0.15) (P<<0.05); by contrast, no
significant difference was noted between the normal and mild PE groups
(P>0.05) (Fig. 3A). No relationship was observed between placental CXCL3
expression and clinical indicators (such as antepartum systolic and diastolic
pressure, 24 h urine protein level, and liver and kidney function).
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Figure 1. Plasma CXCL3 concentration. A:Plasma CXCL3 levels of normal pregnant women, mild preeclamptic pregnant women and severe preeclamptic
pregnant women. Middle line: median; Whisker: standard deviation. B: The correlation between plasma CXCL3 levels of the severe PE group participants
with 24-hour urinary protein.

doi:10.1371/journal.pone.0114408.9001

We conducted real-time fluorescent quantitative PCR to display the difference
among groups with placental homogenate. mRNA levels were normalized to the
house-keeping gene GAPDH by 224 [19] method. By comparison, we

Figure 2. CXCL3 expression in placentae of three groups (Immunohistochemistry, SP, x 400). (S:
syncytiotrophoblast; V: vascular endothelial cells) A: CXCL3 expressed on maternal surface of normal
placentae; B: CXCL3 expressed on maternal surface of mild preeclamptic placentae; C: CXCL3 expressed on
maternal surface of severe preeclamptic placentae; D: CXCL3 expressed on fetal surface of normal
placentae; E: CXCL3 expressed on fetal surface of mild preeclamptic placentae; F: CXCL3 expressed on fetal
surface of severe preeclamptic placentae; G: negative control; H: human colon adenocarcinoma tissue as
positive control.

doi:10.1371/journal.pone.0114408.9002
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Figure 3. Placenta expression of CXCL3 and CXCL3-mRNA in normal pregnant women, mild preeclamptic pregnant women and severe
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mild pregnant women.

doi:10.1371/journal.pone.0114408.9003

concluded that CXCL3-mRNA expression level in the severe PE group
(0.01440.012) was significantly lower than that in the mild PE group
(0.21140.17) and normal pregnant group (0.29+0.19, P<<0.01), however there
was no significant difference of CXCL3-mRNA level between normal and mild PE
group (P >0.05, Fig. 3B).

Viability and apoptosis of trophoblastic cell

We performed a modified MTT assay (WST-1 assay) to investigate the effect of
rhCXCL3 on the viability of early-pregnancy trophoblast cell line (HTR-8/SVneo
cell). Treatment with rhCXCL3 at concentrations ranging from 0 ng/mL to

300 ng/mL enhanced HTR-8/SVneo cell viability in a dose- and time-dependent
manner. Moreover, the maximal effect was induced by 100 ng/mL rhCXCL3 for
24 h. Higher rhCXCL3 concentrations did not result in a further increase in
viability (Fig. 4). Fluorescence staining was then conducted to reveal the annexin
V combination on trophoblast cells. rhCXCL3 decreased HTR-8/SVneo cell
apoptosis in a concentration-dependent manner; however, this down regulation
was insignificant (Figure S1).

Invasion ability of trophoblastic cell

After the cells were treated with rhCXCL3 for 48 h, HTR-8/SVneo trophoblastic
cell invasion gradually increased with increasing thCXCL3 concentration. In

addition, the highest invasion index was noted in 100 ng/mL rhCXCL3. The cells
shaped as spindles and were stained red by eosin after 24 h of culture because of
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doi:10.1371/journal.pone.0114408.9004

the carbonate membrane and adherent growth (Fig. 5A). Furthermore, the
invasion indexes (invasion index = average cell number of one insert/average cell
number of control insert) of each group revealed that thCXCL3 promoted
trophoblast cell invasion in a concentration-dependent manner (Fig. 5B).

Discussion

A number of chemokines and their receptors have been identified at the
maternal—fetal interface recently. They have been suggested to have different
expression patterns based on their function at the human maternal—fetal interface
[20], and dysregulationof this expression pattern will lead to preeclamptic onset
[21,22,23]. Numerous researches have demonstrated that various chemokines
were abnormal in preeclamptic patients [21,22,23,24]. For instance, the plasma
levels of CXCL8(IL-8), CCL2(MCP-1), CXCL10(IP10), and CXCL12(SDF-1) were
elevated in severe preeclamptic women compared with those in normal pregnant
women [21,22,24]. Besides, mRNA expression and quantification of CXCL12 in

- - )
ab
a a
- - .
0.9-
concentration of recombinant human CXCL3(ng/ml)

(2]

invasion index

1.0

0 1 10 50 100 200

Figure 5. A: Invasion trophoblast cells stained by eosin under microscope ( x 400). A: 0 ng/ml rhCXCL3;
B: 1 ng/ml rhCXCL3; C: 10 ng/ml rhCXCL3; D: 50 ng/ml rhCXCL3; E: 100 ng/ml rhCXCL3; F: 200 ng/ml
rhCXCL3. G: Effect of rhCXCL3 on the invasiveness of trophoblast cells. Bar: mean; Whisker: standard
deviation. a: p<0.05, versus 0 ng/ml; b: p<0.05, versus 1 ng/ml.

doi:10.1371/journal.pone.0114408.g005
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preeclampsia placenta were higher compared with those in normal placenta,
especially in syncytiotrophoblasts of preeclampsia placenta [24,25]. Furthermore,
umbilical artery chemokine CCL16 and CCL24 levels were significantly higher in
preeclampsia cords [23]. The main mechanisms of preeclampsia actually included
altered angiogenic balance, immunological intolerance, inflammation/oxidative
stress, and placental ischemia/hypoxia as a consequence or cause of shallow
cytotrophoblast invasion and incomplete remodeling of uterine spiral arteries
[26]. In addition, chemokines can regulate the immunity microenvironment in
fetal-maternal interface, which is beneficial to embryonic implantation and
development; by constrast, failure of this process to proceed can lead to
preeclampsia [27]. Studies on chemokine mechanism that resulted in pre-
eclampsia are conducted to investigate its effect on neovascularization,
trophoblast cell invasion, and fetal-maternal interface immunity microenviron-
ment [15,28,29].

ELR+ CXC chemokines can promote migration and viability of endothelial cells
and are potent neovascularization promoters. The proangiogenic property of
ELR+ CXC chemokines has been demonstrated in many pathological processes. In
a myocardial acute ischemia model, increased CXCL1 and CXCL8 have central
function in regulating vasculogenesis [30]; chemokines (CXCL1, CXCL2, CXCL3,
CXCL5, and CXCL7) secreted by monocytes in vitro culture were able to induce
microvessel formation [31]. On the one hand, CXCL3 had a significant
developing gene in colon carcinoma and a significantly down-regulated
expression level in both lymph node metastasis and distant metastasis [32], and
high expression of CXCL3 in breast cancer cells was relevant with tumor
metastasis [33]. On the other hand, recombinant human CXCL3 can induce
airway smooth muscle cell migration [34]. In the present study, the CXCL3
expression was significantly lower in the placenta of preeclamptic women
compared with that of normal women. In addition, relativity between CXCL3
expression and important clinical indexes in severe preeclampsia suggested that
CXCL3 expression level was related to preeclampsia severity. As an ELR+ CXC
chemokine, CXCL3 was chemotactic for neutrophils and pro-angiogenic
subtances [29]; therefore, a low CXCL3 expression in preeclamptic placenta may
contribute to maternal endothelial dysfunction and incomplete remodeling of
uterine spiral arteries during placentation, which need further experiments
confirmed. Although mechanism exploration was not conducted, Laila demon-
strated that CXCL3-induced migration was dependent on p38 and ERK1/2 MAPK
pathways via CXCR1 and CXCR2 [34].

The abnormal expression of chemokine was believed to regulate trophoblast
invasion by affecting the biological behavior of trophoblast cells. For instance,
CXCL8 (IL8) can promote trophoblast cell migrate and invade into the
endometrium in the first trimester by enhancing MMP-2 and MMP-9 expression
[35]. Trophoblast cell-derived chemokine CXCL12 enhanced trophoblast cell
invasiveness through both autocrine-enhancing expression of MMP and
paracrine-increasing CD82 expression in endometrial stromal cells [36], and
exogenous CXCL16 significantly improved trophoblast invasiveness and viability
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in vitro experiments [37]. We examined the invasive capacity of HTR-8/SVneo
cells to reveal if exogenous CXCL3 had an analogous effect. The results indicated
that recombined human CXCL3 remarkably strengthened trophoblast cell
invasion in line with previous studies. Similarly, our results showed that
recombination of human CXCL3 enhanced trophoblast viability, which might be
synergistic with invasiveness. CXCR2,a key receptor involved neovascularization,
was the exclusive receptor of CXCL3. CXCR2 was found in endothelial cells and
induced the migration, invasion, and viability of the endothelial cells, which
subsequently resulted in angiogenesis. CXCL3 has a function in the process,
although this chemokine was not involved in this study. The cytotrophoblast
expression of CXCR2 was demonstrated at the transcriptional level [38]. This
process led to possible CXCL3 binding, which confirmed the function of CXCL3
in CXCR2 cytotrophoblast expression.

Our results showed that plasma CXCL3 levels increased, whereas placental
CXCL3 expression decreased in the preeclampsia group. This incongruity was
considered to be a compensatory mechanism. We considered that low expression
of CXCL3 at placenta site resulted in shallow implantation, as a main reason for
the onset of preeclampsia. However, the source of increased CXCL3 in
preeclampsia plasma was not clear, which mayact as compensatory role during
pathogenesis in other parts. Various compensatory mechanisms were proposed,
such as neovascularization or angiogenesis, to conquer uteroplacental hypoxia in
preeclampsia. However, these mechanisms have been poorly examined to date.
Manifestations of symptoms, such as hypertension, proteinuria, and edema, may
be explained if the compensatory mechanisms of preeclampsia were understood.
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Author Contributions

Conceived and designed the experiments: RZ. Performed the experiments: SG SN.
Analyzed the data: SG JJ YG LG. Contributed reagents/materials/analysis tools: SN
LZ. Wrote the paper: SG SN.

References

1. Ananth CV, Keyes KM, Wapner RJ (2013) Pre-eclampsia rates in the United States, 1980-2010: age-
period-cohort analysis. BMJ 347: f6564.

2. Odegard RA, Vatten LJ, Nilsen ST, Salvesen KA, Austgulen R (2000) Preeclampsia and fetal growth.
Obstet Gynecol 96: 950-955.

3. Raymond D, Peterson E (2011) A critical review of early-onset and late-onset preeclampsia. Obstet
Gynecol Surv 66: 497-506.

PLOS ONE | DOI:10.1371/journal.pone.0114408 December 8, 2014 12/ 14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0114408.s001

@'PLOS | ONE

Relationship between CXCL3 and Preeclampsia

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

Boulanger H, Flamant M (2007) New insights in the pathophysiology of preeclampsia and potential
therapeutic implications. Nephrol Ther 3: 437—-448.

Haskill S, Peace A, Morris J, Sporn SA, Anisowicz A, et al. (1990) Identification of three related
human GRO genes encoding cytokine functions. Proc Natl Acad Sci U S A 87: 7732-7736.

Bacon K, Baggiolini M, Broxmeyer H, Horuk R, Lindley I, et al. (2002) Chemokine/chemokine
receptor nomenclature. J Interferon Cytokine Res 22: 1067—-1068.

Strieter RM, Burdick MD, Gomperts BN, Belperio JA, Keane MP (2005) CXC chemokines in
angiogenesis. Cytokine Growth Factor Rev 16: 593-609.

Addison CL, Daniel TO, Burdick MD, Liu H, Ehlert JE, et al. (2000) The CXC chemokine receptor 2,
CXCR?2, is the putative receptor for ELR+ CXC chemokine-induced angiogenic activity. J Immunol 165:
5269-5277.

Heidemann J, Ogawa H, Dwinell MB, Rafiee P, Maaser C, et al. (2003) Angiogenic effects of
interleukin 8 (CXCL8) in human intestinal microvascular endothelial cells are mediated by CXCR2. J Biol
Chem 278: 8508-8515.

Farioli-Vecchioli S, Cina I, Ceccarelli M, Micheli L, Leonardi L, et al. (2012) Tis21 knock-out
enhances the frequency of medulloblastoma in Patched1 heterozygous mice by inhibiting the Cxcl3-
dependent migration of cerebellar neurons. J Neurosci 32: 15547-15564.

Hannan NJ, Jones RL, White CA, Salamonsen LA (2006) The chemokines, CX3CL1, CCL14, and
CCL4, promote human trophoblast migration at the feto-maternal interface. Biol Reprod 74: 896-904.

Chau SE, Murthi P, Wong MH, Whitley GS, Brennecke SP, et al. (2013) Control of extravillous
trophoblast function by the eotaxins CCL11, CCL24 and CCL26. Hum Reprod 28: 1497-1507.

Hess AP, Hamilton AE, Talbi S, Dosiou C, Nyegaard M, et al. (2007) Decidual stromal cell response to
paracrine signals from the trophoblast: amplification of immune and angiogenic modulators. Biol Reprod
76: 102-117.

Wallace AE, Cartwright JE, Begum R, Laing K, Thilaganathan B, et al. (2013) Trophoblast-induced
changes in C-x-C motif chemokine 10 expression contribute to vascular smooth muscle cell
dedifferentiation during spiral artery remodeling. Arterioscler Thromb Vasc Biol 33: €93-e101.

Zhang H, Hou L, Li CM, Zhang WY (2013) The chemokine CXCL6 restricts human trophoblast cell
migration and invasion by suppressing MMP-2 activity in the first trimester. Hum Reprod.

Cavanagh PC, Dunk C, Pampillo M, Szereszewski JM, Taylor JE, et al. (2009) Gonadotropin-
releasing hormone-regulated chemokine expression in human placentation. Am J Physiol Cell Physiol
297: C17-27.

National High Blood Pressure Education Program Working Group (1990) National High Blood
Pressure Education Program Working Group Report on High Blood Pressure in Pregnancy. Am J Obstet
Gynecol 163: 1691-1712.

Shen P, Gong Y, Wang T, Chen Y, Jia J, et al. (2012) Expression of osteoprotegerin in placenta and its
association with preeclampsia. PLoS ONE 7: e44340.

Livak KJ, Schmittgen TD (2001) Analysis of relative gene expression data using real-time quantitative
PCR and the 2(-Delta Delta C(T)) Method. Methods (San Diego, Calif ) 25: 402—408.

Red-Horse K, Zhou Y, Genbacev O, Prakobphol A, Foulk R, et al. (2004) Trophoblast differentiation
during embryo implantation and formation of the maternal-fetal interface. J Clin Invest 114: 744-754.

Kauma S, Takacs P, Scordalakes C, Walsh S, Green K, et al. (2002) Increased endothelial monocyte
chemoattractant protein-1 and interleukin-8 in preeclampsia. Obstet Gynecol 100: 706-714.

Molvarec A, Szarka A, Walentin S, Beko G, Karadi |, et al. (2011) Serum leptin levels in relation to
circulating cytokines, chemokines, adhesion molecules and angiogenic factors in normal pregnancy and
preeclampsia. Reprod Biol Endocrinol 9: 124.

Makikallio K, Kaukola T, Tuimala J, Kingsmore SF, Hallman M, et al. (2012) Umbilical artery
chemokine CCL16 is associated with preterm preeclampsia and fetal growth restriction. Cytokine 60:
377-384.

Schanz A, Winn VD, Fisher SJ, Blumenstein M, Heiss C, et al. (2011) Pre-eclampsia is associated
with elevated CXCL12 levels in placental syncytiotrophoblasts and maternal blood. Eur J Obstet
Gynecol Reprod Biol 157: 32-37.

PLOS ONE | DOI:10.1371/journal.pone.0114408 December 8, 2014 13/14



@'PLOS | ONE

Relationship between CXCL3 and Preeclampsia

25,

26.

27.

28.

29,

30.

31.

32

33.

34.

35.

36.

37.

38.

Hwang HS, Kwon HS, Sohn IS, Park YW, Kim YH (2012) Increased CXCL12 expression in the
placentae of women with pre-eclampsia. Eur J Obstet Gynecol Reprod Biol 160: 137-141.

Wang A, Rana S, Karumanchi SA (2009) Preeclampsia: the role of angiogenic factors in its
pathogenesis. Physiology (Bethesda) 24: 147-158.

Abrahams VM, Visintin |, Aldo PB, Guller S, Romero R, et al. (2005) A role for TLRs in the regulation
of immune cell migration by first trimester trophoblast cells. J Immunol 175: 8096-8104.

Lockwood CJ, Huang SJ, Chen CP, Huang Y, Xu J, et al. (2013) Decidual cell regulation of natural
killer cell-recruiting chemokines: implications for the pathogenesis and prediction of preeclampsia.
Am J Pathol 183: 841-856.

Raman D, Sobolik-Delmaire T, Richmond A (2011) Chemokines in health and disease. Exp Cell Res
317: 575-589.

Kocher AA, Schuster MD, Bonaros N, Lietz K, Xiang G, et al. (2006) Myocardial homing and
neovascularization by human bone marrow angioblasts is regulated by IL-8/Gro CXC chemokines. J Mol
Cell Cardiol 40: 455-464.

Toulza F, Eliaou JF, Pinet V (2005) Breast tumor cell soluble factors induce monocytes to produce
angiogenic but not angiostatic CXC chemokines. Int J Cancer 115: 429-436.

Doll D, Keller L, Maak M, Boulesteix AL, Siewert JR, et al. (2010) Differential expression of the
chemokines GRO-2, GRO-3, and interleukin-8 in colon cancer and their impact on metastatic disease
and survival. Int J Colorectal Dis 25: 573-581.

See ALP, Chong PK, Lu S-Y, Lim YP (2014) CXCL3 is a potential target for breast cancer metastasis.
Current cancer drug targets 14: 294-309.

Al-Alwan LA, Chang Y, Mogas A, Halayko AJ, Baglole CJ, et al. (2013) Differential Roles of CXCL2
and CXCL3 and Their Receptors in Regulating Normal and Asthmatic Airway Smooth Muscle Cell
Migration. J Immunol 191: 2731-2741.

Jovanovic M, Stefanoska |, Radojcic L, Vicovac L (2010) Interleukin-8 (CXCL8) stimulates
trophoblast cell migration and invasion by increasing levels of matrix metalloproteinase (MMP)2 and
MMP9 and integrins alpha5 and beta1. Reproduction 139: 789-798.

Li MQ, Tang CL, Du MR, Fan DX, Zhao HB, et al. (2011) CXCL12 controls over-invasion of trophoblasts
via upregulating CD82 expression in DSCs at maternal-fetal interface of human early pregnancy in a
paracrine manner. Int J Clin Exp Pathol 4: 276-286.

Huang Y, Zhu XY, Du MR, Wu X, Wang MY, et al. (2006) Chemokine CXCL16, a scavenger receptor,
induces proliferation and invasion of first-trimester human trophoblast cells in an autocrine manner. Hum
Reprod 21: 1083-1091.

Drake PM, Red-Horse K, Fisher SJ (2004) Reciprocal chemokine receptor and ligand expression in the
human placenta: implications for cytotrophoblast differentiation. Dev Dyn 229: 877—-885.

PLOS ONE | DOI:10.1371/journal.pone.0114408 December 8, 2014 14 /14



	Section_1
	Section_2
	Section_3
	Section_4
	Section_5
	Section_6
	Section_7
	Section_8
	Section_9
	Section_10
	Section_11
	Section_12
	Section_13
	Section_14
	Section_15
	TABLE_
	Figure 1
	Figure 2
	Section_16
	Section_17
	Figure 3
	Section_18
	Figure 4
	Figure 5
	Section_19
	Section_20
	Section_21
	Section_22
	Reference 1
	Reference 2
	Reference 3
	Reference 4
	Reference 5
	Reference 6
	Reference 7
	Reference 8
	Reference 9
	Reference 10
	Reference 11
	Reference 12
	Reference 13
	Reference 14
	Reference 15
	Reference 16
	Reference 17
	Reference 18
	Reference 19
	Reference 20
	Reference 21
	Reference 22
	Reference 23
	Reference 24
	Reference 25
	Reference 26
	Reference 27
	Reference 28
	Reference 29
	Reference 30
	Reference 31
	Reference 32
	Reference 33
	Reference 34
	Reference 35
	Reference 36
	Reference 37
	Reference 38

