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Abstract

PROBLEM—CXCLS is a potent pro-inflammatory neutrophil chemoattractant and activator
whose activity during pregnancy is not well-established. The purpose of this study was to
determine if CXCLS6 is present in amniotic fluid (AF) and if CXCL6 concentrations in AF change
with labor (preterm and term) or intra-amniotic infection/inflammation (1Al).

METHOD OF STUDY—A cross-sectional study was conducted with the following groups: 1)
mid-trimester (n=65); 2) term no labor (n=20); 3) term labor (n=44); 4) patients with PTL with
subsequent term delivery (n=57); 5) preterm labor (PTL) without IAl who delivered preterm
(n=47); and 6) PTL with IAI (n=62). AF CXCL6 concentrations were determined by ELISA.

RESULTS—CXCL6 was present in all term samples, but undetectable in 64/65 mid-trimester
specimens. Patients with PTL and 1Al had a significantly higher median CXCL6 AF concentration
than those with PTL without 1Al [228.9 pg/ml (0.0-8344.8) vs. 55.7 pg/ml (0-454.4); p<0.05] and
those with PTL and term delivery [41.5 pg/ml (0-279.0); p<0.05]. Median AF CXCL6
concentration did not change with spontaneous term labor [term no labor: 81.1 pg/ml (8.5-201.7)
vs. term labor: 75.2 pg/ml (6.7-378.7): p=0.74].

CONCLUSIONS—1) CXCLS is detectable in AF and its concentration increases with gestational
age; 2) 1Al results in increased CXCL6 AF concentrations, suggesting that CXCL6 plays a role in
the deployment of an inflammatory response; 3) In contrast to related chemokines, specifically
IL-8, AF CXCLS6 does not appear to be involved in spontaneous term parturition. These
observations are novel, and suggest a role for CXCL6 in the innate immune response to microbial
invasion of the amniotic cavity.
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Introduction

In normal pregnancy, the amniotic cavity is traditionally regarded as a sterile compartment.
Alteration of this state due to microbial invasion of the amniotic cavity and/or inflammation
has been causally linked to preterm parturition,1:2 and infection mediated preterm labor
remains the most eloquently described mechanism of this pathologic process. Amniotic fluid
is considered to play a role in the maintenance of a sterile environment as abundant anti-
microbial peptides-including human defensins-have been identified as constituents of
amniotic fluid.375 Additional first-line mediators against intra-amniotic inflammation and
infection include the cervical mucus plug6—10 and deployment of constituents of innate
immunity, such as neutrophils, macrophages and natural killer (NK) cells, by the decidua,
chorion, amnion,11:12 and trophoblast.13 However, in patients with intra-amniotic
inflammation/infection, significantly increased amniotic fluid concentrations of potent pro-
inflammatory cytokines (interleukin (IL)-1, IL-6, tumor necrosis factor (TNF)-alpha) and
chemokines (IL-8, growth-regulated oncogene (GRO)-a, macrophage inhibitory protein
(MIP)-1 alpha) have been identified in comparison to normal pregnancies.14-26

Chemokines are a large family of chemotactic cytokines comprised of small heparin-binding
proteins which play an integral role in innate and adaptive host response, immune
homeostasis, as well as angiogenesis.27:28 Based upon the position of conserved cysteine
residues, chemokines are classified into 4 subfamilies (C,CC,CXC,CX3C).29 The CXC
family is further classified according to the presence or absence of the ELR motif
(glutamate-leucine-arginine). ELR positive (ELR*) CXC chemokines exert potent neutrophil
chemotactic and stimulatory effects and promote angiogenesis, as opposed to ELR negative
(ELR™) chemokines which recruit monocytes and macrophages while exhibiting potent
angiostatic effects.28

CXCLS6 (granulocyte chemotactic protein-2) is a member of the ELR* CXC family which
includes IL-8, the growth-regulated oncogenes (GRO-a,-B-y), and epithelial neutrophil-
activating peptide (ENA)-78.30 While CXCLS6 and IL-8 share the highest functional
homology31 amongst CXC chemokines, they exhibit disparate regulatory effects on
recruited neutrophil responses. In an in vitro model, Williams et al32 report that while IL-8
and CXCL6 both dampen TNF-a induced oxidant production, only CXCLS6 inhibits the
oxidative response stimulated by complement factor C5a or bacterial cell wall peptide N-
formyl-methionyl-leucyl-phenylalanine. First identified in a human osteosarcoma cell line,
33 CXCLS6 has been implicated in the pathogenesis and disease progression of inflammatory
bowel disease,34 gastrointestinal malignancies,35 lung cancer,36 and endometriosis.37 In
the chorioamniotic membranes of normal term pregnancies, an acute inflammatory gene
expression pattern has been described with spontaneous term labor.38 Of interest, CXCL6
expression was significantly increased in the chorioamniotic membranes from normal
pregnancies in labor, as compared to those of women not in labor.38

While the related CXC chemokines IL-8 and GRO-a are established physiologic
constituents of amniotic fluid,19722 the identification and role of CXCLS6 in the innate
immune response of the amniotic cavity has not been described. The objectives of this study
were to determine whether: 1) CXCL6 is detectable in human amniotic fluid throughout
gestation; 2) the amniotic fluid concentration of CXCL6 changes with spontaneous term
labor; and 3) the presence of intra-amniotic inflammation/infection is associated with
changes in the amniotic fluid concentration of CXCLS6.
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Methods and Materials

Study Population

Definitions

A cross-sectional study was conducted by way of a search of our clinical database and bank
of biological specimens. This study included women in the following groups: 1) mid-
trimester of pregnancy (14-18 weeks of gestation) that underwent genetic amniocentesis
followed by uncomplicated term delivery (n=65); 2) normal pregnant women with a term
gestation (=37 weeks) in spontaneous labor (n=44) or without labor (n=20); and 3) women
with spontaneous preterm labor (PTL) and intact membranes (n=135). The PTL group was
further classified into the following 3 categories: 1) women with PTL who delivered at term
(n=57); 2) preterm delivery without intra-amniotic infection/inflammation (1Al; n=47); and
3) preterm delivery with Al (n=62). Patients with fetal anomalies, multiple gestation, or
preterm prelabor rupture of membranes were excluded.

Normal pregnancy was defined as no obstetrical, medical, or surgical complications of
pregnancy, and uncomplicated delivery of a term neonate with a birthweight greater than
2500 grams. Labor was diagnosed in the presence of spontaneous regular uterine
contractions occurring at a frequency of 2 every 10 minutes accompanied by cervical change
requiring hospital admission. Preterm delivery was defined as delivery at <37 weeks
gestation. Intra-amniotic infection was defined as a positive amniotic fluid culture for
microorganisms. Intra-amniotic inflammation was diagnosed when the amniotic fluid
Interleukin-6 (IL-6) concentration was > 2.6 pg/ml.39

Sample Collection

Transabdominal amniocentesis was performed under ultrasonographic guidance for
chromosomal analysis in mid-trimester patients who delivered normal neonates at term, as
well as to determine fetal lung maturity in patients approaching term. Women being
assessed for PTL underwent amniocentesis to determine the microbial status of the amniotic
cavity. All patients had intact membranes at the time of fluid collection. Following retrieval,
amniotic fluid specimens were transported to the laboratory in a sterile capped syringe and
underwent gram stain and culture for aerobic/anaerobic bacteria and genital Mycoplasmas.
White blood cell (WBC) count and glucose concentration were also performed. The results
of these tests were used for subsequent clinical management. Amniotic fluid not required for
clinical assessment was centrifuged for 10 minutes at 4°, and the supernatant was aliquoted
and stored at —70°.

All women provided written informed consent prior to the collection of amniotic fluid
samples. The collection and utilization of samples for research purposes was approved by
the Institutional Review Board of the Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD/NIH/DHHS, Bethesda, Maryland), as well as the
Human Investigation Committees of Wayne State University (Detroit, Michigan), the Soero
del Rio Hospital (Puente Alto, Chile), and the Pennsylvania Hospital (Philadelphia,
Pennsylvania). Many of these samples have been used to study the biology of inflammation,
hemostasis, growth factor concentrations, and angiogenesis regulation in both normal
pregnant women, and those with complicated pregnancies.

CXCL6 immunoassays in amniotic fluid

Human amniotic fluid CXCLG6 concentrations were determined using specific and sensitive
enzyme-linked immunoassays obtained from R&D Systems, Inc. (Minneapolis, MN, USA).
Immunoassays were validated for use in the evaluation of human amniotic fluid in our
laboratory prior to the conduction of this study. Validation included spike and recovery
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experiments, which produced parallel curves indicating that amniotic fluid constituents did
not interfere with antigen-antibody binding in this assay system. Briefly, standards and
unknown amniotic fluid samples were incubated in duplicate wells of the micro titer plates
pre-coated with a monoclonal antibody specific for CXCL6. During this incubation, any
CXCLS6 present in the standards or amniotic fluid samples was bound by the immobilized
antibodies. After repeated washing and aspiration to remove all unbound substances, an
enzyme-linked polyclonal antibody specific for CXCL6 was added to the wells. After
incubation and washing to remove excess and unbound materials, a substrate solution
containing equal amounts of a stabilized chromogen (TMB, tetramethylbenzidine) and
stabilized hydrogen peroxide was added to the wells of the micro titer plate. This initiated
color development in proportion to the amount of antigen bound in the initial step of the
assay. Color development was stopped with the addition of an acid solution and the color
intensity was read using a programmable micro titer plate spectrophotometer (SpectraMax
M2 micro plate workstation, Molecular Devices, Sunnyvale, CA). The concentrations of
CXCLS6 in amniotic fluid samples were determined by interpolation from individual
standard curves composed of purified human CXCLS6. The calculated inter- and intra-assay
coefficients of variation for CXCL6 immunoassays in our laboratory were 4.3% and 5.4%,
respectively. The lower limit of detection of the CXCL6 immunoassay was calculated to be
6.6 pg/ml.

Statistical Analysis

Results

The Kolmogorov-Smirnov test was used to determine normality of data distribution.
Comparisons of proportions between groups were performed using Chi-square or Fisher’s
exact test for categorical variables. Mann-Whitney U and Kruskal-Wallis tests were
employed for continuous variables and Spearman rho was utilized to investigate
correlations. A p-value of <0.05 was considered statistically significant. The statistical
package used was SPSS v.12.0 (SPSS Inc., Chicago, IL, USA).

Two hundred and ninety-five women were included in this study. Table | and Table 11
display the demographic and clinical characteristics of the study groups.

Detection of CXCL6 in amniotic fluid

CXCL6 was detectable in 77% (227/295) of all amniotic fluid specimens. However, while
CXCL6 was detected in 100% of amniotic fluid samples obtained from women at term, and
in 98% (162/166) of specimens from the preterm groups, 98% (64/65) of mid-trimester
specimens had a CXCLG6 concentration below the limit of detection.

Amniotic fluid CXCL6, gestational age, and term labor

The median concentration of CXCL6 in amniotic fluid was significantly higher at term when
compared to the mid-trimester [mid-trimester: median 0.0 pg/ml (0-7.7) vs. term not in
labor: median 81.1 pg/ml (8.5-201.7; p<0.001)] and had a significant positive correlation
with gestational age (r=0.8; p<0.001). However, spontaneous labor at term did not
significantly change the median concentration of CXCL6 in amniotic fluid [term not in
labor: median 81.1 pg/ml (range: 8.5-201.7) vs. term in labor: median 75.2 (range: 6.7—
378.7); p=0.74, Figure 1].

Amniotic fluid concentration of CXCL6 in women with preterm labor

Among women with preterm labor, those who delivered preterm with intra-amniotic
infection/inflammation had a significantly higher median amniotic fluid concentration of
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CXCL6 than women with preterm labor and intact membranes without intra-amniotic
infection/inflammation who delivered a preterm neonate [PTL with IAl: median 228.9 pg/ml
(range: 0-8344.8) vs. PTL without IAl: median 55.7 pg/ml (range: 0-454.4; p<0.05)], and
those with an episode of preterm labor who subsequently delivered at term [PTL with term
delivery: median 41.5 pg/ml (range: 0-279); p<0.05)].

In addition, the median amniatic fluid concentration of CXCL6 was significantly higher in
women with spontaneous preterm labor and delivery without intra-amniotic infection/
inflammation when compared to patients experiencing an episode of PTL followed by a
term delivery (p<0.05; Figure II).

Discussion

Principle findings of this study

1) CXCL6 was detectable in human amniotic fluid; 2) the amniotic fluid concentration of
CXCL6 was significantly different between patients in the mid-trimester and at term.
Indeed, CXCL6 concentrations were below the limit of detection in 98% of specimens
obtained in the mid-trimester; 3) the concentration of CXCL6 in amniotic fluid from women
at term did not significantly change in the presence of labor; and 4) median CXCL6
concentrations in amniotic fluid were significantly higher in patients delivering preterm with
intra-amniotic infection/inflammation than in women delivering preterm without intra-
amniotic infection/inflammation, or in those with an episode of preterm labor who deliver at
term. In addition, spontaneous preterm delivery without intra-amniotic infection/
inflammation was associated with a higher median CXCL6 amniotic fluid concentration
than patients with an episode of PTL who delivered at term.

What is CXCL6?

ELR* CXC chemokines such as CXCL6 play key roles in the recruitment and activation of
neutrophils. The structure of CXCL6 is >75% homologous to ENA-78,40 but is unique in
that it binds with high-affinity to both CXCR1 and CXCR2.41~ 43 Of the ELR* CXC
chemokines, only CXCLS6 and IL-8 induce immune responses via both the CXCR1 and
CXCR2 receptors.42:43 Both receptors are expressed on components of innate immunity
including neutrophils, monocytes, mast cells, and NK cells. Recently, CXCR1 expression
has been described on effector CD8™ T cells, suggesting a role for its ligands in adaptive
immunity.44 Neither CXCR1 nor CXCR2 have been localized on B cells or eosinophils.45~
48

Of interest, although CXCL6 was first discovered in a malignant cell-line, tumor cells are
poor producers of this chemokine. High levels of CXCL6 mRNA have been identified in the
heart, lung, liver, and pancreas, while only weak expression has been found in the brain,
kidney, and placenta.31 The CXCL6 gene has been mapped to chromosome 4g12-gq13 and is
included in a tight cluster with related ELR*CXC genes. Indeed, Modi et al49 provide
evidence supporting the role of tandem gene duplication in the evolution of CXC
chemokines. CXCLS6 is produced in the highest concentrations by mesenchymal cells,
including fibroblasts and both micro and macrovascular endothelial cells.34:50 IL-1 is the
most effective inducer of CXCL6 production, while its expression is down-regulated by
interferon-y.50:51 Of interest, differential regulation of CXCL6 and 1L-8 secretion by
mononuclear lymphocytes and granulocytes has been observed. Wuyts et al50 describe
detectable production of CXCL6 only from differentiated or recruited hematopoietic cells
whereas naive peripheral leukocytes failed to secrete detectable CXCL6 despite LPS
stimulation.

Am J Reprod Immunol. Author manuscript; available in PMC 2009 September 1.
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CXCLS6 in pathologic conditions

Chemokines have been shown to play a role in autoimmune disease, graft rejection,
infection, allergy, neoplasia, and vascular disease.52 In states of chronic inflammation such
as inflammatory bowel disease (characterized by unremitting leukocyte infiltration in
affected tissues), CXCL6 expression is selectively upregulated in endothelial cells at sites of
intestinal inflammation and ulceration.34 Furthermore, Rudack et al53 describe the pattern
of chemokine expression in patients with chronic rhinosinusitis, a neutrophil-mediated
condition. CXCL6 and GRO-a were the predominant chemokines produced by affected
mucosa and epithelial cells. Indeed, 43% and 36% of neutrophil chemotaxis was inhibited
with blockage of CXCL6 and GRO-a, respectively.

CXC chemokines have been implicated as the “link” between inflammation and
angiogenesis, with deviations in this coordinated interplay resulting in an environment
favoring tumorigenesis and metastasis.54 CXCL6 expression and activity has been well-
documented in human malignancies such as lung cancer and gastrointestinal tumors. In vivo
cell line experiments of small cell lung cancer have established a role for CXCLS6 as an
autocrine growth factor leading to both tumor progression and metastasis.36 Furthermore,
the pro-angiogenic activity of this chemokine was enhanced by treatment with IL-1p and in
conditions of hypoxia. Gijshers et al35 describe both the production of CXCLS6 at sites of
gastrointestinal tumor neovascularization and the synergistic interplay of CXCL6 and CCL2
(monocyte chemotactic protein-1) induction, which results in a ten-fold increase in
neutrophil infiltration at the tumor site. Furthermore, CXCL6 expression correlated with
leukocyte infiltrate secretion of matrix metalloproteinase-9 (MMP-9), a potent matrix
degradation mediator, thereby contributing to tumor expansion and metastasis.

Pathologic states derived from local inflammation and dysregulation of innate immunity
have also been associated with increased concentrations of CXCL6. Suzumori et al37
compared the CXCL6 concentration in peritoneal fluid between symptomatic women with
endometriosis and women undergoing surgical intervention for a cystadenoma. Women with
endometriosis (in the proliferative phase) had a significantly higher median concentration of
CXCLS6 in peritoneal fluid than the control group, with a positive correlation between
median CXCLS6 concentration and the stage of disease. This data further suggests that the
pathogenesis and progression of inflammation-linked pathology is associated with increased
secretion of this pro-inflammatory and pro-angiogenic chemokine.

Chemokines and fetal development

Recent evidence has suggested a role for chemokines in human fetal development. Lu et
al55 applied RT-PCR and immunohistochemistry techniques to evaluate the expression of
the CXC receptors CXCR1,CXCR2,CXCR3,CXCR4, and stromal cell-derived factor 1o in
non-hematopoietic tissues of normal human fetuses of early gestation. The investigators
found that specific CXC receptor expression varied with gestational age. However, mRNA
for receptors of CXCL6, CXCR1 and CXCR2, were constitutively expressed in all
examined fetal tissues (brain, heart, intestine, kidney, bone marrow, liver) at all gestational
ages examined (12-19 weeks). However, protein expression of CXCR1 was not as abundant
as that of CXCR2. While CXCR2 protein was noted on glial cells, there was no staining for
CXCRL in the fetal brain. Given the differential gestational age and site expression of
chemokine receptors during early gestation, it is possible that chemokines contribute to
normal fetal development.

CXCL6 in normal pregnancy

In this study, we report the first identification of CXCL6 in human amniotic fluid and
describe the change in median amniotic fluid CXCL6 concentration with gestational age.

Am J Reprod Immunol. Author manuscript; available in PMC 2009 September 1.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Mittal et al.

Page 7

While not previously noted in the amniotic cavity, CXCL6 production has been
demonstrated in cultured endometrial stromal cells in response to inflammatory mediators.
56 Although the exact roles of chemokines in the female reproductive tract are incompletely
described, they are proposed to include functions in physiologic events such as
menstruation,57 implantation,58 and the maintenance of early pregnancy.59761 The
concentration of leukocytes in human endometrium is known to vary during the menstrual
cycle, as well as during pregnancy. Starkey et al62 originally described that 50% of the
lymphocyte population in first trimester decidua was composed of large granular
lymphocytes (LGL). However, the concentration of these lymphocytes decreases as
pregnancy progresses, with few LGLs detected in term decidual tissues. While the exact
mechanisms of cell trafficking during pregnancy are unknown, the recruitment of these
peripheral lymphocytes to the female reproductive tract is proposed to be mediated by
chemokines. Liggins63 first described the role of inflammatory cells in cervical ripening in
1981. Since then, a multitude of studies have demonstrated that cervical dilatation is
accompanied by an influx of neutrophils. Chemokines, in particular 1L-8, have been
identified as mediators of this recruitment.64-69 However, unlike the closely related IL-8,
whose concentration in amniotic fluid increases with the onset of both term and preterm
labor,19:22:70~73 median CXCL6 concentration in amniotic fluid did not differ with term
labor, as shown herein. The differential secretion and sources of functionally-related
chemokines in the amniotic cavity and their role in the common pathway of parturition
warrants further investigation.

CXCL®6 in preterm labor

Herein, we describe the novel finding of elevated concentrations of the chemokine CXCL6
in the amniotic fluid of women who deliver preterm with intra-amniotic infection/
inflammation, in comparison to women with spontaneous preterm labor and intact
membranes who deliver either preterm or at term without intra-amniotic infection/
inflammation. Furthermore, we provide data demonstrating that spontaneous preterm
delivery without intra-amniotic infection/inflammation is also associated with a higher
amniotic fluid concentration of CXCL6 than preterm labor with subsequent term delivery.
Comparison of subgroup demographic data did reveal a significant difference in gestational
age at amniocentesis between the diagnostic groups; patients diagnosed with PTL and intra-
amniotic infection/inflammation underwent amniocentesis at an earlier gestational age than
the other diagnostic groups. However, given the increasing concentration of CXCL6 with
advancing gestational age, we would expect the PTL with intra-amniotic infection/
inflammation group to have a lower median concentration of CXCL6 in amniotic fluid than
the PTL with term delivery group, which had a higher median gestational age at
amniocentesis. Yet this was not the case, as patients with PTL and Al had the highest
median amniotic fluid CXCL6 concentration among all groups included. Therefore, we did
not proceed with matching the subgroups for gestational age.

These above findings support previous work linking intra-uterine inflammation and preterm
delivery. The relationship between the preterm parturition syndrome and inflammation is
well-established. Indeed, intra-uterine inflammation/infection is the most thoroughly
described, and strongly supported mechanism of preterm delivery.1:39:74:74=87 Twenty-
five to 40% of preterm birth is attributed to microbial invasion of the uterine cavity,88:89
and a compelling body of evidence supports the central role of cytokines in preterm
parturition.16:81:90~101 Furthermore, intra-uterine inflammation, diagnosed by increased
amniotic fluid cytokine concentration, can assist in the identification of women destined to
deliver preterm.15:17:18:102:103 Of interest, the elevation of inflammatory mediators in
amniotic fluid is not mirrored in maternal serum,102 a finding that supports the existence of
a location-specific immune response in the uterine cavity during pregnancy. Interleukin-1
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was the first cytokine ascribed to play a role in inflammation-mediated preterm labor.99 It is
also recognized as the most potent stimulator of CXCL6 chemoattractant activity.31:40:51
Mine et al56 described an IL-1a and IL-1 instigated increase of CXCL6 production in
endometrial stromal cells by 137-fold and 111-fold, respectively, when compared with non-
stimulated controls. These observations are consistent with our findings as amniotic fluid
affected by inflammation contained significantly higher concentrations of CXCL6 compared
to controls.

Herein, we describe the novel identification of CXCL6 as a physiological constituent of
amniotic fluid. The median CXCL6 concentration in amniotic fluid did not change with the
presence of labor at term, but is significantly increased in the amniotic fluid from patients
with preterm labor and intact membranes complicated by intra-amniotic inflammation as
well as those with spontaneous preterm delivery without intra-amniotic infection/
inflammation. Further investigation regarding the interaction between components and
pathways of the innate immune system in the amniotic cavity may provide insight into the
role of chemokines in the mechanisms of both normal and abnormal human parturition.
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Figure .

Amniotic fluid (AF) concentrations of CXCL6 in normal pregnant women at term not in

labor, and in those at term in labor. There was no difference in AF CXCL6 median

concentration between women at term not in labor and those in labor [median 81.1 pg/ml

(range 8.5-201.7) vs. median 75.2 pg/ml (range 6.73-378.7), respectively; p=0.74].
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Amniotic fluid (AF) concentrations of CXCL6 in women with preterm labor and intact
membranes (PTL). The median AF concentrations of CXCL6 were higher in patients
without intra-amniotic inflammation (IAl) and intact membranes who had PTL with a
spontaneous preterm delivery compared to those who subsequently delivered at term (PTL
with term delivery: median 41.5 pg/ml, range 0-279 vs. PTL no IAl: median 55.7 pg/ml,
range 0-454.4; p<0.05). However, CXCL6 median AF concentrations were significantly
higher in women with PTL and 1Al than both women with PTL without evidence of 1Al
(PTL with 1Al: median 228.9 pg/ml, range 0-8344.8; p<0.05) and those with an episode of

preterm labor who deliver at term (p<0.05).
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