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Syndecan-1 knock-down in decidualized human
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changes in cytokine and angiogenic factor
expression patterns
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Abstract

Background: Successful embryonic implantation depends on a synchronized embryo-maternal dialogue.
Chemokines, such as chemokine ligand 1 (CXCL1), play essential roles in the maternal reproductive tract leading
to morphological changes during decidualization, mediating maternal acceptance towards the semi-allograft
embryo and induction of angiogenesis. Chemokine binding to their classical G-protein coupled receptors is
essentially supported by the syndecan (Sdc) family of heparan sulfate proteoglycans. The aim of this study was
to identify the involvement of Sdc-1 at the embryo-maternal interface regarding changes of the chemokine and
angiogenic profile of the decidua during the process of decidualization and implantation in human
endometrium.

Methods: A stable Sdc-1 knock-down was generated in the immortalized human endometrial stromal cell line St-
T1 and was named KdS1. The ability of KdS1 to decidualize was proven by Insulin-like growth factor binding 1
(IGFBP1) and prolactin (PRL) confirmation on mRNA level before further experiments were carried out. Dot blot
protein analyses of decidualized knock-down cells vs non-transfected controls were performed. In order to imitate
embryonic implantation, decidualized KdS1 were then incubated with IL-Tbeta, an embryo secretion product, vs
controls. Statistical analyses were performed applying the Student's t-test with p < 0.05, p < 0.02 and p < 0.01 and
one way post-hoc ANOVA test with p < 0.05 as cut-offs for statistical significance.

Results: The induction of the Sdc-1 knock-down revealed significant changes in cytokine and angiogenic factor
expression profiles of dKdS1 vs decidualized controls. Incubation with embryonic IL-1beta altered the expression
patterns of KdS1 chemokines and angiogenic factors towards inflammatory-associated molecules and factors
involved in matrix regulation.

Conclusions: Sdc-1 knock-down in human endometrial stroma cells led to fulminant changes regarding cytokine
and angiogenic factor expression profiles upon decidualization and imitation of embryonic contact. Sdc-1 appears
to play an important role as a co-receptor and storage factor for many cytokines and angiogenic factors during
decidualization and implantation period, supporting proper implantation and angiogenesis by regulation of
chemokine and angiogenic factor secretion in favour of the implanting embryo.
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Background

The successful establishment of a pregnancy in human
depends on a synchronized dialogue of maternal and
embryonic factors enabling attachment of the embryo to
the uterine wall. Invasion into the decidualized maternal
endometrial stroma is followed by induction of angio-
genesis and acceptance of the semi-allograft embryo by
the maternal immune system.

Cytokines are well-characterized factors in the implan-
tation period [1]. Interleukin-1beta (IL-1f) was identified
as a secretion product of human syncytiotrophoblast and
trophoblast in early human pregnancy [2]. Furthermore,
higher levels of IL-1p protein and chemokine ligand 1
(CXCL1) were shown to be expressed in the decidua of
early pregnancy [3]. CXCL1 plays an important role in
mediating the acceptance of the maternal immune sys-
tem towards the semi-allograft embryo by attracting spe-
cialized leukocyte populations, such as uterine natural
killer cells (uNK), granulocytes and macrophages sup-
porting essential modifications regarding implantation
and protection of pregnancy [3,4]. Chemokines belong to
a subfamily of cytokines assigned by the position of con-
served cysteins in their amino acid sequence. They func-
tion as chemoattractants for immunocompetent cells like
leukocytes, which migrate towards the highest concentra-
tion of the chemoattractant, and act via G-protein
coupled, 7 transmembrane-domains containing receptors
on their target cells [5]. Especially CXCL1 was shown to
be involved in early maternal reactions of the decidua-
lized stroma to embryonic secretion products. This was
depicted by a significant upregulation of cxc/I gene
expression after coincubation with trophoblast condi-
tioned medium in-vitro as well as in a co-culture model
of primary endometrial cells and trophoblast explants
[6,7]. Besides the signalling through the classical G-pro-
tein coupled receptors, the heparan sulfate proteoglycan
syndecans (Sdc) also take part as co-receptors in mediat-
ing chemokine function by enhancing the binding of che-
mokines to their innate receptors [8]. Sdcs are localized
on the cell-surface and in the extracellular matrix. They
consist of an ectodomain containing consensus
sequences for heparan sulfate or chondroitin sulfate
attachment, a single conserved transmembrane domain
and a short cytoplasmic domain. Furthermore, they are
described as multifunctional molecules in human, loca-
lized nearly ubiquitously and involved in wound healing,
tumour growth, immune cell function and angiogenesis
[9,10]. Lately, the mRNA expression of Sdc-1 to -4 in
human endometrium of normal cycling healthy women
was observed with a prominent up regulation of Sdc-1
and -4 in whole tissue secretory phase endometrium
samples [11]. Sdc-1 was also found in uteroplacental
units in human, localized apical in chorionic villi actively
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invading maternal decidua, supposedly being involved in
embryo-maternal interaction [12].

We hypothesize that Sdc-1 plays an important role in
the process of human decidualization and implantation
by regulation of chemokine and angiogenic factor secre-
tion of decidualized endometrial stroma cells supporting
a proper embryonic attachment and subsequent implan-
tation. In order to investigate this hypothesis, we gener-
ated a stable and inducible human endometrial stroma
Sdc-1 knock-down cell line (called KdS1) which was
further characterized on protein level by dot blot analy-
sis regarding its cytokine and angiogenic factor expres-
sion profile. Furthermore, we investigated decidualized
KdS1 (dKdS1) vs decidualized endometrial stroma cells
(dSt-T1) after coincubation with the trophoblast secre-
tion product IL-1f to identify Sdc-1’s role and expres-
sion profile changes in the process of decidualization
and implantation.

Methods

Cell line and cell culture

The human endometrial stroma cell line St-T1 used in
this study was a generous gift from Professor Brosens
(Imperial College, UK, Great Britain). These cells were
initially isolated from normal proliferative endometrial
tissue during diagnostic laparoscopy, immortalized,
named St-T1 and characterized for functionality and
comparability to primary endometrial stromal cells
before [13,14]. They were maintained in a mixture of %
(v/v) DMEM and 1/4 (v/v) MCDB 105, supplemented
with 10% (v/v) charcoal-stripped fetal bovine serum
(FBS), 1x penicillin/streptomycin, 40 pug/ml gentamycin,
5 pg/ml insulin (Sigma-Aldrich, Steelze, Germany), 2
mM L-glutamine, 1 mM non-essential amino acids and
1x sodium pyruvate (all except insulin Biowest, Nuaillé,
France).

Transfection of pcDNA6/TR(c) via electroporation

The TREx(tm)-system with the BLOCK-iT(tm) Inducible
H1 RNAi Entry Vector Kit (Invitrogen, Karlsruhe, Ger-
many) was chosen for stable, tetracycline (Tet) inducible
Sdc-1 knock-down in immortalized St-T1. Therefore the
plasmid pcDNA6/TR(c), coding for the Tet-repressor
(TetR), was transfected first in order to generate a TetR
stable expressing host cell line. One cell clone expressing
high levels of TetR was chosen as host for the inducible
knock-down of Sdc-1 regulating the expression of the
short hairpin (sh) RNA of Sdc-1 in trans (Figure 1). The
circular plasmid pcDNA6/TR(c) was transfected succes-
fully in St-T1 using Nucleofection(r) in a Nucleofector(r)
I (Lonza Cologne AG, Cologne, Germany). 10° cells were
transfected per well with 3 pg plasmid DNA in buffer V
(Lonza Cologne AG) using the following programs: T-13,
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Figure 1 Nuclear transfection of TetR in St-T1. Representative immunocytochemic staining for nuclear TetR-expression in pcDNA6/TR(c)
transfected St-T1 showing the clone with the most intense staining and negative control with non-specific IgG as small insert.

-23, -24, U-17, -23 and -24. The selection with 5 pg/ml
blasticidin started 48 h after transfection was performed.

Immunocytochemistry for TetR

Transfected cells were tested for succesful nuclear trans-
fection of TetR by immunostaining with mouse anti-TetR
(500 pg/ml) (MoBiTec, Gottingen, Germany). Controls
were stained with non-specific mouse immunoglobulin
(IgG) (200 pg/ml) (Santa Cruz Biotechnologies, Santa
Cruz, CA, USA). Cells were cultured with adequate anti-
biotics on Nunc(tm) Lab-Tek(r) glass chamber slides
(Thermo Scientific Fisher, Langenselbold, Germany), fixed
and permeabilized with cold acetone according to manu-
facturer’s instructions for Vectastain(r) ABC-staining
using an immunoperoxidase procedure (Vector Labora-
tories, Burlingame, CA, USA). Briefly, intracellular activity
of peroxidases was quenched with 0.3% (v/v) H202 for 20
min and cells consecutively incubated with blocking
serum for 1 h followed by incubation with 1°* antibody
(1:200 in blocking serum) for 1 h. After incubation with
the matching biotinylated 2" antibody, cells were incu-
bated with ABC reagent and staining visualized by incuba-
tion with peroxidase substrate solution (DAB, Vector).
Cells were washed, dehydrated, coverslipped and

photographed with a Leica DC 300F microscope (Leica,
Solms, Germany). The clone with the most intense stain-
ing for TetR was chosen for further transfection (Figure 1).

Design of short hairpin RNAs

In a second step, short hairpin (sh) RNAs for the Sdc-1
knock-down were designed imitating tested transient
silencer (si) RNAs for Sdc-1 (database sequence
NM_002997) [15] using Invitrogen’s RNAi Designer [16]
following the manufacturer’s instructions. The first four
bases of the ShRNA sequence are required for directed
cloning in the vector pENTR(tm)/H1/TO (see Table 1).

Cloning of shRNAs of interest in pENTR(tm)/H1/TO and
sequencing

For ligation in the pENTR vector, double-strand (ds) oligo
and vector were mixed in a molar ratio of 50:1 and ligation
performed according to manufacturer’s manual. Positive
clones were analyzed by culturing 10 colonies each, fol-
lowed by plasmid DNA isolation (GeneJET(tm) Plasmid
Miniprep Kit; Fermentas, St. Leon-Rot, Germany) and
sequencing with H1 forward and M13 reverse primers
(Invitrogen) at the biomedical research center of the
Heinrich-Heine University (Diisseldorf, Germany).
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No. sequence shRNA (5'3’) (loop sequence)

database sequence NM_002997

1 top cac cag gac ttc acc ttt gaa acc cga agg ttt caa agg tga agt cc

874agg act tca cct ttg aaa cc893

bottom aaa agg act tca cct ttg aaa cct tcg ggt ttc aaa ggt gaa gtc ct

2 top cac cag gag gaa ttc tat gcc tga cga atc agg cat aga att cct cc

1162agg agg aat tct atg cct gal181

bottom aaa agg agg aat tct atg cct gat tcg tca ggc ata gaa ttc ctc ct

3 top cac cgg taa gtt aag taa gtt gac gaa tca act tac tta act tac ¢

1749ggt aag tta agt aag ttg a1767

bottom aaa agg taa gtt aag taa gtt gat tcg tca act tac tta act tac c

Sequences of shRNAs versus Sdc-1 with siRNA sequences are bolded.

Transfection of pENTR™/H1/TO cloned fragments in
pcDNA6/TRO transfected St-T1, selection

Clones identified with correct inserted shRNAs for Sdc-
1 - one from each pair (Table 1) - were transfected into
the TetR expressing host cell line via Nucleofection(r)
with program T-23 as described above. Selection with
200 pg/ml Zeocin(r) and 5 pug/ml Blasticidin started
48 h after Nucleofection(r).

Primers for Polymerase Chain Reaction (PCR)

Sequences for B-actin, insulin-like growth factor binding
protein-1 (IGFBP-1) and prolactin (PRL) mRNAs were
obtained from the GenBank Database of the National
Center for Biotechnology Information (NCBI) of the
National Institutes of Health (NIH, [17]). Primers were
synthesized by Eurofins MWG (Ebersberg, Germany).
To ensure that the product detected resulted from
amplification of cDNA rather than contaminating geno-
mic DNA, primers were designed to cross intron/exon
boundaries. Furthermore, PCR products were sequenced
at the biomedical research center of the Heinrich-Heine
University (BMFZ) (Dusseldorf, Germany) and con-
firmed. The sequences and the sizes of the amplified
fragments are listed in Table 2.

RNA isolation, reverse transcription, PCR and real-time
PCR

Total RNA was isolated from cells applying the single-step
method described by Chomczynski & Sacchi [18] and pro-
cessed as described before [19]. Prior to reverse transcrip-
tion (RT), DNA-free RNA was generated by a
desoxyribonuclease I (DNase I) (Fermentas, St. Leon-Rot,

Table 2 PCR and RT-PCR primers

sequences 5’ 3’

size of the amplified
fragment [bp]

B-actin for - cagggtgtgatggtgggaatgg 409
rev - caggatggcgtgagggagagcea
IGFBP-1 for - agtttagccaaggcacagga 204
rev - tatctggcagttggggtctc
PRL for - gcttctgtatcatctggtcacg 247
rev - tgcgtaggcagtggagcag
GAPDH for - tgcaccaactgcttagc 131

rev - acagtcttctgggtggcagtg

Primers for amplification with PCR and RT-PCR.

Germany) digestion [20] as described before [21]. RT reac-
tion was performed using 2 pg RNA according to manu-
facturer’s instruction for High Capacity cDNA archive kit
(Applied Biosystems Inc, Foster City, CA, USA).

In subsequent PCRs, B-actin was used as a housekeep-
ing gene and reactions consisted of 1x DreamTaq(tm)
Green PCR Master Mix (Fermentas), 120 ng cDNA, 0.3
uM forward and reverse primer and dH20 ad 25 pl.
After completion of 35 cycles of 94°C for 1 min, 94°C
for 30 sec, 56°C (B-actin and IGFBP-1) and 53°C (PRL)
for 45 sec and 72°C for 60 sec, the reaction was termi-
nated at 72°C for 7 min and cooled down to 6°C in a
peqSTAR 96 universal gradient thermocycler (PEQLAB
Biotechnology, Erlangen, Germany). PCR-products were
stored at -20°C until 2% agarose-gel electrophoresis was
carried out in the presence of ethidiumbromide (0.2 pg/
ml). After completion of electrophoresis, the agarose-gel
was analyzed by the GelDoc 1000 system (Bio-Rad
Laboratories, Hercules, CA, USA).

The semi-quantitative PCR (real-time PCR) for PRL
and IGFBP-1 normalized to 3-actin and Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) was performed
using the Qiagen QuantiTect SYBR Green PCR kit in a
LightCycler (Roche, Indianapolis, IN, USA) as described
previously [22]. Amplification specificity was verified
using melting curve analysis and 2% agarose gel electro-
phoresis of the PCR products. Primer sequences are
listed in Table 2.

The semi-quantitative PCR for Sdc-1 was performed by
collaborators using TagMan technology (Applied Biosys-
tems Inc). cDNA corresponding to 50 ng total RNA was
used as a template in the PCR reaction consisting of ABI
MasterMix (Applied Biosystems), and pre-designed Taq-
Man gene expression systems (Applied Biosystems)
according to the manufacturers’ instructions. For detection
of Sdc-1, primer Hs00174579_m1 was used and normal-
ized to the expression of mammalian 18S ribosomal RNA
(rRNA) (Hs99999901_s1, all primers by Applied Biosys-
tems). RT-PCR was performed using the ABI PRISM 7300
Sequence Detection System (Applied Biosystems) by using
the default thermal cycling conditions (10 min at 95°C,
and then 40 cycles of 15 sec at 95°C plus 1 min at 60°C).
Data were analyzed using the comparative Ct (244"
method [23] (3 biological and 2 technical repeats).



Baston-Bust et al. Reproductive Biology and Endocrinology 2010, 8:133
http://www.rbej.com/content/8/1/133

Page 5 of 13

1,5 1
1,0 4
0,5
0,0 4
& o

&

Figure 2 Sdc-1 mRNA expression after induction with Tet. Fold change of Sdc-1 mRNA after 48 h of induction with different Tet
concentrations [0-1000 ng/ml] in KdS1 cells compared with 18S ribosomal RNA (***p < 0.01).
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Tet induction of Sdc-1 knock-down in double transfected
St-T1

The clone resulting from pair 1 was tested for Tet-
induction according to manufacturers’ instructions from
0 to 1000 ng/ml Tet [0, 1, 50, 100, 500, 1000 ng/ml] for
24 and 48 hours and analyzed by RT-PCR for Sdc-1
mRNA expression. The mRNA expression decreased
about 70% after 48 h with 1000 ng/ml Tet (Figure 2)
(3 biological and 2 technical repeats). Subsequently, for
further investigations an incubation time of 48 h with
1000 ng/ml Tet was used. The resulting clone was
named knock-down Sdc-1 (KdS1).

Subcellular protein fractionation and dot blot analysis for
Sdc-1 expression

In order to examine knock-down of Sdc-1 on cellular
level, KdS1 with and without incubation with Tet were
analyzed for Sdc-1 expression via dot blot analysis after
subcellular protein fractionation (3 biological repeats).
Cells were processed following manufacturer’s instruction
for Subcellular Protein Fractionation Kit (Pierce Biotech-
nology, Rockford, IL, USA). 30 ug protein of each mem-
brane fraction of KdS1 with and without Tet incubation
was applied on methanol pre-treated polyvinylidene
difluoride membranes (Immobilon(tm)-P PVDF Mem-
branes, Millipore Corporation, Schwalbach, Germany).
Human mononuclear cells isolated from peripheral blood
served as control. Membranes were blocked with 5% fat-
free milk powder (Sigma Aldrich), 0.1% Tween(r)20
(Sigma Aldrich) in phosphate-buffered saline (PBS) for 30
min, washed and incubated with mouse anti-human Sdc-1
antibody (1 pg/ml; abcam, Cambridge, UK) for 2 h. Finally,
membranes were incubated with horseradish peroxidase
conjugated ECL(tm) anti-mouse IgG (1 pg/ml; GE Health-
care, Buckinghamshire, UK), signals detected using

RapidStep(tm) ECL Reagent (Calbiochem, Darmstadt,
Germany) and analyzed with an Alpha Imager camera
(Biozym Scientific GmbH, Hessisch Oldendorf, Germany)
and the Alpha Ease FT 6.0.0. program (Alpha Innotech
Corporation, San Leandro, CA, USA) (3 biological and 1
technical repeat).

Decidualization of St-T1 and Tet-induced KdS1

St-T1 endometrial stroma cells (St-T1) are known to
decidualize when treated with cyclic-AMP (0.5 mM) and
progesterone (1 uM) for 72 h [13,14]. Double transfected
and Tet-induced KdS1 cells were decidualized under the
same conditions to investigate possible differences in
their ability to decidualize due to the Sdc-1 knock-down.
Decidualization was verified by carrying out a RT-PCR
for the known decidualization markers IGFBP-1 and PRL.

Investigation of chemokine and angiogenic factor profiles
via dot blot analysis with cell culture supernatant of
decidualized St-T1 and KdS1 with or without IL-1B
incubation

dSt-T1 and dKdS1 (passages 3-6) were tested for
IGFBP1 and PRL mRNA expression as described above.
Cells were then incubated with or without IL-1#3 (0.1
ng/ml) for 48 h according to previous investigations
[24]. Cell supernatants were stored and applied to Pro-
teome Profiler(tm) human chemokine and angiogenesis
array kits (R&D Systems, Minneapolis, MN, USA) in
order to identify the molecular changes caused by the
Sdc-1 knock-down in human endometrial stromal cells
(n = 4 each). Assays were performed according to man-
ufacturers’ instructions with 1 ml cell-culture superna-
tant containing 3x10° cells per ml. Dot blots were
photographed and analyzed with an Alpha Imager cam-
era (Biozym Scientific GmbH) and the Alpha Ease FT
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6.0.0. program (Alpha Innotech Corporation) (4 biologi-
cal and 1 technical repeat).

Statistical analysis

To investigate the statistical significance of the protein
expressions, the Student’s t-test with p < 0.05, p < 0.02
and p < 0.01 and one way post-hoc ANOVA test with p <
0.05 as cut-offs for statistical significance were carried out.

Results

Immunocytochemistry

The nuclear transfection of Tet(R) - coding plasmid
pcDNAG6/TR(r) was proven and evaluated via intensity
rating of immunocytochemistry staining by two inde-
pendent investigators (Figure 1). All six clones resulting
from blasticidin selection were tested and the clone
showing the strongest staining intensity for Tet(R) was
selected for further transfection with Sdcl shRNA.

Tet-induction of Sdc-1 knock-down

The induction of Sdc1-RNAi in KdS1 with different Tet
concentrations (0-1000 ng/ml) was tested for 24 and 48
h and Sdc1-mRNA was measured quantitatively by real-
time PCR. A 70% reduction of Sdcl-mRNA was
detected after incubation with 1000 ng/ml Tet for 48 h
compared to untreated KdS1 (Figure 2). This concentra-
tion was used in the following experiments.

Expression of Sdc-1 on cell membrane of KdS1
Tet-incubated KdS1 cells were tested for the protein
expression of Sdc-1 on cellular surface (KdS1 without Tet
incubation served as controls). Human mononuclear cells
served as positive controls. The expression of Sdc-1 in
membrane compartment declined as shown in Figure 3.

Decidualization

KdS1 cells were incubated with Tet for 48 h prior to 72
h of decidualization protocol and tested for the expres-
sion of common decidualization markers IFGBP1 and
PRL. dSt-T1 served as controls. The mRNA expression
of PRL and IGFBP-1 showed no statistical differences in
dKdS1 versus dSt-T1 (Figure 4).

Dot Blots after decidualization

Dot blot arrays for cytokines (Figure 5A, Table 3) and
angiogenic factors (Figure 5B, Table 4) were performed
after 72 h decidualization of dKdS1 vs. dSt-T1 which
served as controls.

The chemokines CXCL1, CXCLS, IL-6 and macro-
phage migration inhibitory factor (MIF) were secreted at
significantly higher levels in dKdS1. Comparable amounts
of IL-13 were secreted from dKdS1 and dSt-T1.

The expression of several cytokines was restricted only
to dKdS1. Secretion of CCL2, CCL5, CXCL10, CXCL11
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Figure 3 Dot blot analysis of Sdc-1 expression in membrane
fraction of KdS1. Protein expression of Sdc-1 before (-) and after
(+) induction with Tet in membrane fraction of KdS1. Mononuclear
cells isolated from peripheral blood served as control (c).

and soluble intercellular adhesion molecule (SICAM-1)
occurred in dKdS1 supernatant only. Furthermore, we
detected the peptide hormone granulocyte colony-sti-
mulating factor (G-CSF) and the glycoprotein granulo-
cyte macrophage colony-stimulating factor (GM-CSF),
both involved in immune cell differentiation and infec-
tion mechanisms, only in dKdS1 (Figure 5A).

When investigating angiogenic factors after deciduali-
zation, dKdS1 supernatant contained significantly more
hepatocyte growth factor (HGF, scatter factor), a para-
crine factor which stimulates mitogenesis, angiogenesis
and tumorigenesis, and pentraxin 3 (PTX3), a soluble
molecule which belongs to the innate immune system.
On the other hand, secretion of tissue inhibitor of
metalloproteinases 1 (TIMP-1) and thrombospondin 1
(TSP1), both components of the extracellular matrix,
was significantly increased in dSt-T1.

The secretion levels of the angiogenic factors angio-
poietin-1 (Ang-1), angiogenin, IGFBP-2 and -3, matrix
metalloproteinase 9 (MMP 9) and urokinase-type plas-
minogen activator (uPA) were similar in dKdS1 versus
controls. CXCL16 could be identified to be exclusively
expressed in dKdS1 (Figure 5B). Results are shown in
Table 3 and 4.

Dot Blots after decidualization and IL-1B incubation
Furthermore, dot blot arrays for cytokines (Figure 6A,
Table 3) and angiogenic factors (Figure 6B, Table 4)
were performed after 72 h decidualization followed by
48 h of coincubation with IL-13 imitating early embryo-
nic contact in dKdS1 vs. the control dSt-T1.

Secretion of the cytokine MIF was significantly
increased in dKdS1, whereas CXCL-8 secretion was
higher in dSt-T1 cell culture supernatant. The secretion
levels of CXCL1 and IL-6 were similar in dKdS1 and
dSt-T1 after IL-1f3 stimulation. Several cytokines asso-
ciated with inflammatory mechanisms were only
secreted in dKdS1 supernatant, namely G-CSF, GM-
CSF, sICAM-1 and the chemokines CCL2, CCLS5,
CXCL10 and CXCL11. IL-13 was secreted in dSt-T1
exclusively (Figure 6A).
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Figure 4 PRL and IGFBP-1 mRNA expression in dKdS1 and dSt-T1. Mean cycle threshold value (Ct) of PRL and IGFBP-1 mRNA expression
compared with actin and GAPDH as internal standards after decidualization of KdS1 (dKdS1) (light grey bars) (dSt-T1 (dark grey bars) served as
controls).

Obvious changes also occurred regarding the expres-
sion profile of angiogenic factors after embryo imitating
IL-1f8 contact. HGF and IGFBP-2 were secreted signifi-
cantly higher in dKdS1 compared to dSt-T1. IGEBP-3,
TIMP-1 and TSP1 dominated in dSt-T1 supernatant vs.
dKdS1. There were no statistically significant differences
for MMP9, PTX3 and uPA in dKdS1 vs. dSt-T1. Ang-1
was exclusively secreted from dSt-T1 and angiogenin
and CXCL16 were restricted to dKdS1 (Figure 6B).
Results are shown in Table 3 and 4.

Discussion

The highly synchronized embryonic-maternal dialogue
enables a proper implantation in human. In this study
we have demonstrated an increase in chemokine and
angiogenic factor secretion upon Sdc-1 knock-down in
decidualized human endometrial stroma cells. The
results are consistent with the role of Sdc-1 as a co-
receptor and storage factor for these molecules allowing
new insights in interactions and regulations between
chemokines and angiogenic factors contributing to an
improved understanding of intermolecular network at
the embryo-maternal interface. Removal of Sdc-1 from
endometrial stroma cell surfaces by the process of ecto-
domain shedding or down regulation of its expression
leads to a down regulation of binding sites for chemo-
kines and angiogenic factors. Recent studies suggested
that Sdcs and especially Sdc-1 and-4 are involved in
modifying the actions of chemokines and angiogenic
factors by elongation of the ligand-receptor interactions,
storage, establishment of a chemokine concentration
gradient, shedding and regulation of growth-factor

signalling cascades, respectively [9,25]. The recent obser-
vation that newborn Sdc-1 deficient mice are systemi-
cally smaller than their wild-type littermates suggests an
important role for Sdc-1 during embryonic development
[26]. Since animal models can only provide hints
towards the human implantation period, human in-vitro
cell-culture models may be more suitable to mimic the
in-vivo situation of the human species. The immorta-
lized, non-cancerogenous human endometrial stroma
cell line St-T1 was demonstrated to function as an
excellent model for human endometrium before [13,14].
Therefore, this model was used in this study.

The precise molecular actions of Sdc-1 underlying the
morphological and structural changes during the men-
strual cycle in preparation for embryo implantation or
menstrual shedding in absence of fertilization are
unknown until today. This study provides the first evi-
dence of an important contribution of Sdc-1 in regulat-
ing chemokine and growth factor action during the
decidualization and implantation processes.

Selected findings are discussed further in the following
paragraphs.

Chemokines in decidualization and early embryo-
maternal dialogue

The glutamic acid - leucine - arginine (ELR) motif-posi-
tive chemokines CXCL1 and CXCL8 were secreted at
higher levels in the Sdc-1 knock-down cells following
decidualization, as compared to controls. Regarding
secretion after contact with the embryo surrogate, IL-
183, CXCL1 expression was comparable in both groups,
whereas CXCL8 increased significantly in dSt-T1
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supernatant compared to dKdS1. ELR-positive
CXC-chemokines display angiogenic abilities, whereas
chemokines lacking the ELR-motif are often character-
ized as angiostatic factors [27]. CXCL1 and CXCL8 bind
to CXC-receptor 1 (CXCR1) and CXCR2, respectively
[28,29]. Sdc-1 was shown to interact with CXCLI1,
CXCLS8 and their receptors via its anionic heparan sul-
fate chain [30,31]. As Sdc-1 might be a storage molecule
for chemokines, and has been shown to establish func-
tional gradients for CXCL1 and CXCLS, the increase in
CXCL1 and CXCLS8 secretion in dKdS1 compared to
normal dSt-T1 upon decidualization is most likely due
to the absence of Sdc-1 in dKdS1 cells [30,31]. Further-
more, the rise of CXCL8 after embryo contact in normal
decidualized cells links this molecule to early

angiogenesis. Interestingly, CXCL8 remains low in
dKdS1 after incubation with IL-18 and nearly equal
amounts of CXCL1 are secreted in dKdS1 and dSt-T1.
This might be a hint for further chemokine intermole-
cular networks or a possible function of Sdc-1 in regu-
lating the CXCL1 and CXCLS8 signalling. Recent studies
focused on Sdc-1’s role in promoting tumour invasion
in endometrial cancer cell lines in-vitro via nuclear fac-
tor-kappaB (NF-xB) signalling [32]. This signalling cas-
cade was also shown to be involved in CXCL1 signalling
in esophageal cancer and in CXCL8 secretion in primary
human hepatocytes [33,34]. The reduced CXCL8 secre-
tion in dKdS1 cells after IL-1f3 contact might be based
on a lack of NF-xB signalling or limited CXCL1 and
CXCLS8 synthesis in dKdS1.
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Table 3 Cytokine profiling
dst-T1 dKdsS1

cytokines
CcCL2
CCL5
CXCL1 +
CXCL8 +
CXCL10

CXCL11

G-CSF

GM-CSF

IL-6 +
IL-13

MIF +
sICAM-1

dSt-T1+IL-1B  dKdST+IL-1B

+

+

+ + + + + + + + 4+ +
+ + + + + + + o+

+ +

+

+

Overview of cytokines in cell culture supernatant of decidualized endometrial
stroma cells (dSt-T1), decidualized Sdc-1 knock-down endometrial stroma cells
(dKdS1), decidualized endometrial stroma cells coincubated with IL-1B (dSt-T1
+ IL-1B) and decidualized Sdc-1 knock-down endometrial stroma cells
coincubated with IL-1B (dKdS1 + IL-1B8). + indicates the presence, - the
absence of the respective cytokine in the cell culture supernatant.

C-C motif chemokine ligand 2 (CCL2, formerly mono-
cyte chemotactic protein-1, MCP-1) was described to be
secreted into the uterine lumen as well as in the endo-
metrial stroma by human primary endometrial epithelial
cells and in first trimester decidua tissue functioning as
a key player of monocyte chemotaxis [35,36]. Further-
more, CCL2 and its receptor CCR2 were detected in
human first trimester decidual tissues with CCL2 being
constantly secreted by decidual stromal cells via extra-
cellular signal-regulated kinase (ERK) and mitogen-acti-
vated protein kinase (MAPK) signalling [37]. Since we
detected CCL2 only in dKdS1 supernatant upon decid-
ualization and imitation of embryo contact, we propose
an active role for Sdc-1 in binding of CCL2 in human
decidualized endometrium in-vitro. This storage of

Table 4 Angiogenic factor profiling
dst-T1  dKdS1 dSt-T1+IL-1p  dKdS1+IL-1B
Ang-1 + +

angiogenic factors

+

Angiogenin +
CXCL16
HGF
IGFBP-2
IGFBP-3
MMP-9
PTX3
TIMP-1
TSP-1
uPA +

+ + + + + + o+
+ + + + + + + + +
+ o+ + + + + o+

+ 4+ + + + + + + o+

+

+

+

Overview of angiogenic factors in cell culture supernatant of decidualized
endometrial stroma cells (dSt-T1), decidualized Sdc-1 knock-down endometrial
stroma cells (dKdS1), decidualized endometrial stroma cells coincubated with
IL-1B (dSt-T1 + IL-18) and decidualized Sdc-1 knock-down endometrial stroma
cells coincubated with IL-1B (dKdS1 + IL-1B). + indicates the presence, - the
absence of the respective angiogenic factor in the cell culture supernatant.
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CCL2 by Sdc-1 in dES in-vitro seems to be inconsistent
with the in-vivo situation of early pregnancy described
in the literature [37]. Hence, there might be a temporal
regulation of CCL2 expression as these data reflect the
very early embryo-maternal dialogue. The absence of
CCL2 expression in dES in-vitro might result from the
absence of factors that influence the decidua in-vivo.

Two further CXC-motif chemokines - CXCL10 and 11
- were only secreted in dKdS1 with and without IL-1f3
coincubation. The secretion of CXCL10 and 11 might
result from the lack of Sdc-1 in dKdS1 cell membranes.
In dSt-T1, these molecules are supposingly stored at the
cell membrane via Sdc-1 inhibiting early secretion in the
supernatant. Therefore, the secretion of these factors in
the environment might lead to a shift in the early
immune response of the endometrium and a misdir-
ected angiogenesis, respectively.

Another chemokine, macrophage migration inhibitory
factor (MIF), was significantly more secreted in dKdS1
after decidualization as well as after incubation with IL-
18 compared to controls. MIF binds to G-protein
coupled receptors CXCR2 and CXCR4 and is involved
in monocyte and T-cell chemotaxis as well as in activa-
tion of integrins and calcium influx [38]. In human
endometrium, an increase in MIF expression was found
in the late proliferative phase followed by a decline dur-
ing the window of implantation suggesting different
roles for MIF during the menstrual cycle [39]. In our
opinion, MIF takes part in the endometrial decidualiza-
tion process supported by the presence of MIF in decid-
ualized endometrial cells (dSt-T1) where its secretion
seems to be regulated by Sdc-1. dKdS1 lack this regula-
tion of MIF and therefore MIF is more secreted after
Sdc-1 knock-down. This regulation might also be
initiated by NF-xB signalling similar to the findings in
human primary endometrial cells [40].

Angiogenic and growth factors in decidualization and
early embryo-maternal dialogue

The process of endometrial angiogenesis already starts
in the proliferative phase of the human menstrual cycle
and peaks in the secretory phase. A synchronized pat-
tern of angiogenic factors, growth factors and their inhi-
bitors is therefore a critical precondition supporting not
only angiogenesis but also modification of the extracel-
lular matrix, decidualization and re-organization of the
endometrial stroma.

The paracrine and angiogenic active, glycosaminogly-
can-binding hepatocyte growth factor (HGF) was charac-
terized as an essential key player of trophoblast invasion
mediating trophoblast growth and differentiation via the
signal transducers and activators of transcription (STAT3)
signalling pathway after binding to the receptor c-
mesenchymal-epithelial transition factor (c-Met) localized
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on cytotrophoblast [41-43]. Furthermore, HGF takes part
in embryonic mesenchymal-endothelial interactions and
organogenesis as well as in endometrial stromal cell inva-
sion [44,45]. Sdc-1 has been assigned as a HGF co-recep-
tor intensifying HGFs signalling via c-Met [46]. The
significant increase of HGF in dKdS1 supernatant after
decidualization and after IL-1f3 contact as seen in this
study, suggests an intense interaction between Sdc-1 and
HGE. It seems that Sdc-1 is important in HGF-binding
and presentation towards its receptor for supporting cell
proliferation and angiogenesis during the implantation
period. Due to Sdc-1 knock-down HGF-depending pro-
cesses might be dysregulated.

Furthermore, we were able to show that the extracel-
lular matrix glycoprotein thrombospondin 1 (TSP1) was

significantly more secreted by normal decidualized and
IL-1B incubated dSt-T1 compared to dKdS1. Previous
studies focussed on its involvement in endometrial vas-
cularization and decidualization mediated by interferon
y. A modified maternal immune response due to a
reduced TSP1 expression of decidual macrophages was
described in women with unexplained recurrent
embryonic miscarriage [47]. Sdc-1 was found to interact
with TSP1 in the formation of stable cellular matrix
contacts via fascin spikes [48]. We suggest that the lack
of TSP1 secretion in dKdS1 is based on the absence of
the known NF-xB activation by IL-1B in dKdS1. There-
fore, the absence of TSP1 might lead to angiogenic mal-
formation and dysregulation of the decidualized
endometrium possibly leading to implantation failure.
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The progesterone-dominated secretory phase endome-
trium undergoes dramatic changes in matrix reconstruc-
tion and differentiation depending on an orchestrated
pattern of proteases and inhibitors. Matrix metallopro-
teinases (MMPs) play an important role during the
implantation phase regulated by their inhibitors, e.g. tis-
sue inhibitor of metalloproteinase 1 (TIMP1), localized
in embryonic and maternal tissues [49,50]. TIMP1 is the
most secreted factor in dSt-T1 after decidualization and
IL-1B stimulation. The knock-down of Sdc-1 in dKdS1
therefore leads to a dysregulation of the TIMP-1 expres-
sion possibly enabling an unlimited invasion. Former
studies showed an involvement of Sdc-1 in MMP-9 reg-
ulation, a main target of TIMP-1, mediating endometrial
cancer invasion [32]. These conclusions are supported
by a decreased secretion of TIMP-1 in MCF-7 breast
cancer cells overexpressing soluble Sdc-1 ectodomain,
supporting breast cancer invasiveness [51]. A decreased
expression of TIMP-1 might result in a dysbalanced
implantation as similar levels of MMP-9 were shown in
this study possibly leading to an overinvasion since the
restain mechanism via TIMP-1 is disordered.

The secretion of long pentraxin 3 (PTX3) was most
significantly elevated in dKdS1 supernatant upon decid-
ualization. PTX 3 is a factor of the innate immune sys-
tem and is expressed by a huge variety of cells,
including macrophages, endothelial cells, fibroblasts and
monocytes [52]. Recent studies report a distinct role for
PTX3 mediating decidualization and fertilization in mice
[53]. The increase in PTX3 in dKdS1 supernatant upon
decidualization might result from a stronger inflamma-
tory response in dKdS1 as indicated by the elevated
secretion levels of other chemokines, e.g. CXCL8, com-
pared to dSt-T1. Moreover, a possible dysregulation of
components of the extracellular matrix caused by the
Sdc-1 knock-down might activate the PTX3 release in
order to induce apoptosis, as it was reported for human
neutrophils [54].

Infection-associated molecules in decidualization and
early embryo-maternal dialogue

The modulation of the maternal immune system
enabling an embryonic invasion is one of the key pro-
cesses of the early fetal-maternal communication. The
important role of cytokines, like IL-1f3 system, influen-
cing decidualization- and implantation-related molecules,
like MMPs, has already been reported [55]. A recent
study examined the components of endometrial secre-
tions aspirated prior to embryo transfer in IVF and ICSI
cycles, revealing the presence of pro-, as well as anti-
inflammatory immuno-associated molecules [56]. The
pro-inflammatory cytokine IL-6 belonged to the main
secretion products. In the present study, IL-6 secretion
significantly increased in dKdS1 after decidualization.
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The increase in IL-6 secretion might be due to the lack
of Sdc-1 and displays a potential intermolecular interac-
tion between IL-6 and Sdc-1. These data correlate well
with observations in Sdc-1 deficient mice subjected to
kidney and allergic inflammation where an increase of
IL-6 was observed [57]. Hence, the lack of Sdc-1 might
induce an inflammatory response in dKdS1 upon decid-
ualization. The similar expression of IL-6 in both groups
upon IL-188 incubation might result from a balancing
effect of other factors that are activated upon IL-1f3 con-
tact in dKdS1.

The cytokines granulocyte (G-) and granulocyte-
macrophage (GM-) colony stimulating factors (CSF) are
involved in the implantation period and early fetal
maternal dialogue. The interaction between G-CSF and
heparan sulfate has been shown in human long-term
culture-initiating cells being raised upon a stromal fee-
der layer [58]. Herein, we detected G-CSF as well as
GM-CSF secretion only in dKdS1 with an increase after
IL-188 incubation which underscores a very likely inter-
action of these colony-stimulating factors with Sdc-1.

Conclusions

The present study therefore underscores the importance
of Sdc-1 as a co-receptor and a storage molecule in the
receptive endometrium supporting a proper biochemical
basis for embryonic implantation. Further investigation
of Sdc-1s role in the process of implantation is needed,
since its synchronous regulation of multiple receptor-
dependent pathways seems to be a pivotal point in
understanding and possibly ameliorating human
implantation.

List of abbreviations

Ang: angiopoietin; CCL/CXCL: chemokine ligand; c-Met/HGFR: c-
mesenchymal-epithelial transition factor/HGF receptor; CXCR: chemokine
ligand receptor; d: decidualized; ELR: glutamic acid - leucine - arginine; ERK:
extracellular signal-regulated kinase; G-/GM-CSF: granulocyte-/granulocyte-
macrophage colony stimulating factor; HGF: hepatocyte growth factor;
IGFBP: insulin-like growth factor binding protein; IL: interleukin; KdSt:
endometrial Sdc-1 knock-down cell line; LH: luteinizing hormone; MAPK:
mitogen-activated protein kinase; MIF: macrophage migration inhibitory
factor; MMP: matrix metalloproteinase; NF-xB: nuclear factor kappa B; PTX3:
pentraxin 3; Sdc: Syndecan; shRNA: short hairpin RNA; sICAM: soluble
intercellular adhesion molecule; St-T1: immortalized endometrial stroma cell
line; VEGF: vascular endothelial growth factor; uNK: uterine natural killer cells;
Tet: tetracycline; TIMP: tissue inhibitor of metalloproteinases; TSP:
thrombospondin; uPA: urokinase-type plasminogen activator

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

DMBB performed the experimental outline and design of short hairpin RNAs,
performed cell culture and decidualization, primer design for RT-PCR and
the establishment of the knock-down cell line KdS1 Furthermore, DMBB
performed the isolation of RNA and dot blot analysis. DMBB was responsible
for the interpretation of the data and the writing of the manuscript. MG
participated in knowledge transfer regarding Syndecan-1, performed real-
time PCR and helped with the interpretation of the data. WJ helped to draft



Baston-Bust et al. Reproductive Biology and Endocrinology 2010, 8:133
http://www.rbej.com/content/8/1/133

the manuscript. JSK participated in the statistical analysis of the data and
edited the manuscript. APH generated the idea of the study, participated in
the experimental outline and performed immunocytochemistry. APH
participated in the interpretation of the data and the design of the
manuscript. All authors read and approved the final manuscript.

Acknowledgements

We thank Prof. JJ. Brosens for sharing the endometrial stroma cell line St-T1
and Dr. B. Gellersen for providing crucial information about the
characterization and physiology of the cell line. Furthermore, we thank Dr. J.
Hirchenhain and Ms. D. Ziegler for technical assistance. This project was
funded by grants of the German Research Foundation (Deutsche
Forschungsgemeinschaft, DFG) to AP Hess (He 3544/2-1, HE 3544/2-2) and
to M Gotte (444 BRA-113/63/0-1).

Author details

1Umversity Dusseldorf, Medical Faculty, Department of OB/GYN and REl,
Moorenstr. 5, 40225 Diisseldorf, Germany. “Department of OB/GYN, Miinster
University Hospital, Albert-Schweitzer-Str. 33, 48149 Minster, Germany.

Received: 27 May 2010 Accepted: 2 November 2010
Published: 2 November 2010

References

1. McEwan M, Lins RJ, Munro SK, Vincent ZL, Ponnampalam AP, Mitchell MD:
Cytokine regulation during the formation of the fetal-maternal interface:
Focus on cell-cell adhesion and remodelling of the extra-cellular matrix.
Cytokine Growth factor Rev 2009, 20:241-249.

2. Simon C, Frances A, Piquette G, Hendrickson M, Milki A, Polan ML:
Interleukin-1 system in the materno-trophoblast unit in human
implantation: immunohistochemical evidence for autocrine/paracrine
function. J Clin Endocrinol Metab 1994, 78:847-854.

3. Engert S, Rieger L, Kapp M, Becker JC, Dietl J, Kimmerer U: Profiling
chemokines, cytokines and growth factors in human early pregnancy
decidua by protein array. Am J Reprod Immunol 2007, 58:129-137.

4. Fest S, Aldo PB, Abrahams VM, Visintin |, Alvero A, Chen R, Chavez SL,
Romero R, Mor G: Trophoblast-macrophage interactions: a regulatory
network for the protection of pregnancy. Am J Reprod Immunol 2007,
57:55-66.

5. Laing KJ, Secombes CJ: Chemokines. Dev Comp Immunol 2004, 28:443-460.
6. Hess AP, Hamilton AE, Talbi S, Dosiou C, Nyegaard M, Nayak N, Genbecev-
Krtolica O, Mavrogianis P, Ferrer K, Kruessel J, Fazleabas AT, Fisher SJ,
Giudice LC: Decidual Stromal Cell Response to Paracrine Signals from the

Trophoblast: Amplification of Immune and Angiogenic Modulators. Bio/
Reprod 2007, 76:102-117.

7. Popovici RM, Betzler NK, Krause MS, Luo M, Jauckus J, Germeyer A,
Bloethner S, Schlotterer A, Kumar R, Strowitzki T, Wolff M: Gene Expression
Profiling of Human Endometrial-Trophoblast Interaction in a Coculture
Model. Endocrinology 2006, 147:5662-5675.

8. van der Voort R, Keehnen RMJ, Beuling EA, Spaargaren M, Pals ST:
Regulation of Cytokine Signaling by B Cell Antigen Receptor and CD40-
controlled Expression of Heparan Sulfate Proteoglycans. J £xp Med 2000,
192:1115-1124.

9. Alexopoulou AN, Multhaupt HAB, Couchman JR: Syndecans in wound
healing, inflammation and vascular biology. Int J Biochem Cell B 2007,
39:505-528.

10. Bernfield M, Gotte M, Park PW, Reizes O, Fitzgerald ML, Lincecum J, Zako M:
Functions of cell surface heparan sulfate proteoglycans. Annu Rev
Biochem 1999, 68:729-777.

11. Germeyer A, Klinkert MS, Huppertz AG, Clausmeyer S, Popovici RM,
Strowitzki T, von Wolff M: Expression of syndecans, cell-cell interaction
regulating heparan sulfate proteoglycans, within the human
endometrium and their regulation throughout the menstrual cycle. Fertil
Steril 2007, 87:657-663.

12. Jokimaa V, Inki P, Kujari H, Hirvonen O, Ekholm E, Anttila L: Expression
of syndecan-1 in human placenta and decidua. Placenta 1998,
19:157-163.

13. Brosens JJ, Takeda S, Acevedo CH, Lewis MP, Kirby PL, Symes EK, Krausz T,
Purohit A, Gellersen B, White J: Human endometrial fibroblasts
immortalized by simian virus 40 large T antigen differentiate in

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Page 12 of 13

response to a decidualization stimulus. Endocrinology 1996,
137:2225-2231.

Samalecos A, Reimann K, Wittmann S, Schulte HM, Brosens JJ,

Bamberger AM, Gellersen B: Characterization of a novel telomerase-
immortalized human endometrial stromal cell line, St-T1b. Reprod Biol
Endocrinol 2009, 7.

Beauvais DM, Burbach BJ, Rapraeger AC: The syndecan-1 ectodomain
regulates {alpha}v{beta}3 integrin activity in human mammary
carcinoma cells. J Cell Biol 2004, 167:171-181.

RNAI, Epigenics and gene regulation. [http://www.invitrogen.com/rmail.
Pubmed.gov. [http://www.ncbinlm.nih.gov/sites/entrez].

Chomczynski P, Sacchi N: Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem
1987, 162:156-159.

Baston-Bust D, Hess A, Hirchenhain J, Krlicken J, Wunderlich F, Krissel JS,
Friebe-Hoffmann U: A possible ambivalent role for relaxin in human
myometrial and decidual cells in vitro. Arch Gyn Obstet 2009, 280:961-969.
Yeung WSB, Ho PC, Lau EYL, Chan STH: Improved development of human
embryos in vitro by a human oviductal cell co-culture system. Hum
Reprod 1992, 7:1144-11499.

Kienzle N, Young D, Zehntner S, Bushell G, Sculley T: DNasel treatment is a
prerequisite for the amplification of cDNA from episomal-based genes.
Biotechniques 1996, 20:612-616.

Guo CH, Koo CY, Bay BH, Tan PH, Yip G: Comparison of the effects of
differentially sulphated bovine kidney- and porcine intestine-derived
heparan sulphate on breast carcinoma cellular behaviour. Int J Oncol
2007, 31:1415-1423.

Livak KJ, Schmittgen T: Analysis of Relative Gene Expression Data Using
Real-Time Quantitative PCR and the 2-[Delta][Delta]CT Method. Methods
2001, 25:402-408.

Issa R, Xie S, Lee KY, Stanbridge RD, Bhavsar P, Sukkar MB, Chung KF: GRO-
{alpha} regulation in airway smooth muscle by IL-1beta and TNF-{alpha}:
role of NF-{kappa}B and MAP kinases. Am J Physiol Lung Cell Mol Physiol
2006, 291:L66-74.

Gotte M: Syndecans as modulators of chemokine function. In Progress in
chemokine research. Edited by: Linkes WP. Nova Science Publishers; 2007..
McDermott SP, Ranheim EA, Leatherberry VS, Khwaja SS, Klos KS,

Alexander C: Juvenile syndecan-1 null mice are protected from
carcinogen-induced tumor development. Oncogene 2006, 26:1407-1416.
Strieter RM, Polverini PJ, Kunkel SL, Arenberg DA, Burdick MD, Kasper J,
Dzuiba J, Van Damme J, Walz A, Marriott D, Chan SY, Roczniak S,

Shanafelt AB: The functional role of the ELR motif in CXC chemokine-
mediated angiogenesis. J Biol Chem 1995, 270:27348-27357.

Ahuja S, Murphy P: The CXC chemokines growth-regulated oncogene
(GRO) alpha, GROB, GROgamma, neutrophil-activating peptide-2, and
epithelial cell-derived neutrophil-activating peptide-78 are potent
agonists for the type B, but not the type A, human interleukin-8
receptor. J Biol Chem 1996, 271:20545-20550.

Nasser MW, Raghuwanshi SK, Grant DJ, Jala VR, Rajarathnam K,

Richardson R: Differential Activation and Regulation of CXCR1 and CXCR2
by CXCL8 Monomer and Dimer. J Immunol 2009, 183:3425-3432.

Li Q, Park PW, Wilson CL, Parks WC: Matrilysin Shedding of Syndecan-1
Regulates Chemokine Mobilization and Transepithelial Efflux of
Neutrophils in Acute Lung Injury. Cell 2002, 111:635-646.

Marshall LJ, Ramdin LSP, Brooks T, DPhil PC, Shute JK: Plasminogen
Activator Inhibitor-1 Supports IL-8-Mediated Neutrophil Transendothelial
Migration by Inhibition of the Constitutive Shedding of Endothelial IL-8/
Heparan Sulfate/Syndecan-1 Complexes. J Immunol 2003, 171:2057-2065.
Oh JH, Kim JH, Ahn HJ, Yoon JH, Yoo SC, Choi DS, Lee IS, Ryu HS, Min C:
Syndecan-1 enhances the endometrial cancer invasion by modulating
matrix metalloproteinase-9 expression through nuclear factor [kappa]B.
Gynecol Oncol 2009, 114:509-515.

Wanninger J, Neumeier M, Weigert J, Bauer S, Weiss TS, Schaffler A,

Krempl C, Bleyl C, Aslanidis C, Scholmerich J, Buechler C: Adiponectin-
stimulated CXCL8 release in primary human hepatocytes is regulated by
ERK1/ERK2, p38 MAPK, NF-{kappa}B, and STAT3 signaling pathways. Am
J Physiol Gastrointest Liver Physiol 2009, 297:G611-618.

Wang B, Khachigian LM, Esau L, Birrer MJ, Zhao X, Parker MI, Hendricks DT:
A Key Role for Early Growth Response-1 and Nuclear Factor-I°B in
Mediating and Maintaining GRO/CXCR2 Proliferative Signaling in
Esophageal Cancer. Mol Cancer Res 2009, 7:755-764.


http://www.ncbi.nlm.nih.gov/pubmed/19487153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19487153?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8157710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8157710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8157710?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17631006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17631006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17631006?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17156192?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17156192?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15062643?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17021345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17021345?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16946011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16946011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16946011?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11034601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11034601?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10872465?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17123519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17123519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17123519?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9548182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9548182?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8641169?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8641169?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8641169?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19619280?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19619280?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15479743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15479743?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15479743?dopt=Abstract
http://www.invitrogen.com/rnai
http://www.ncbi.nlm.nih.gov/sites/entrez
http://www.ncbi.nlm.nih.gov/pubmed/2440339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2440339?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1400940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1400940?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8800680?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8800680?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17982668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17982668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17982668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11846609?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11846609?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16617094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16617094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16617094?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16953225?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16953225?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7592998?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7592998?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8702798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8702798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8702798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8702798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8702798?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19667085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19667085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12464176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12464176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12464176?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12902511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12902511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12902511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12902511?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19539355?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19539355?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19608729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19608729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19608729?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19435811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19435811?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19435811?dopt=Abstract

Baston-Bust et al. Reproductive Biology and Endocrinology 2010, 8:133
http://www.rbej.com/content/8/1/133

35.

36.

37.

38.

39.

40.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Meter RA, Wira CR, Fahey J: Secretion of monocyte chemotactic protein-1
by human uterine epithelium directs monocyte migration in culture.
Fertil Steril 2005, 84:191-201.

Huang SJ, Schatz F, Masch R, Rahman M, Buchwalder L, Niven-Fairchild T,
Tang C, Abrahams VM, Krikun G, Lockwood CJ: Regulation of chemokine
production in response to pro-inflammatory cytokines in first trimester
decidual cells. J Reprod Immunol 2006, 72:60-73.

He YY, Du MR, Guo PF, He XJ, Zhou WH, Zhu XY, Li D: Regulation of C-C
motif chemokine ligand 2 and its receptor in human decidual stromal
cells by pregnancy-associated hormones in early gestation. Hum Reprod
2007, 22:2733-2742.

Bernhagen J, Krohn R, Lue H, Gregory JL, Zernecke A, Koenen RR, Dewor M,
Georgiev |, Schober A, Leng L, Kooistra T, Fingerle-Rowson G, Ghezzi P,
Kleemann R, McColl SR, Bucala R, Hickey MJ, Weber C: MIF is a noncognate
ligand of CXC chemokine receptors in inflammatory and atherogenic
cell recruitment. Nat Med 2007, 13:587-596.

Kats R, Al-Akoum M, Guay S, Metz C, Akoum A: Cycle-dependent
expression of macrophage migration inhibitory factor in the human
endometrium. Hum Reprod 2005, 20:3518-3525.

Cao WG, Morin M, Metz C, Maheux R, Akoum A: Stimulation of
Macrophage Migration Inhibitory Factor Expression in Endometrial
Stromal Cells by Interleukin 1, beta Involving the Nuclear Transcription
Factor NF-kappaB. Biol Reprod 2005, 73:565-570.

Muramatsu T, Muramatsu H: Glycosaminoglycan-binding cytokines as
tumor markers. PROTEOMICS 2008, 8:3350-3359.

Fitzgerald JS, Poehlmann TG, Schleussner E, Markert UR: Trophoblast
invasion: the role of intracellular cytokine signalling via signal
transducer and activator of transcription 3 (STAT3). Hum Reprod Update
2008, 14:335-344.

Saito S, Sakakura S, Enomoto M, Ichijo M, Matsumoto K, Nakamura T:
Hepatocyte Growth Factor Promotes the Growth of Cytotrophoblasts by
the Paracrine Mechanism. J Biochem 1995, 117:671-676.

Ohmichi H, Koshimizu U, Matsumoto K, Nakamura T: Hepatocyte growth
factor (HGF) acts as a mesenchyme-derived morphogenic factor during
fetal lung development. Development 1998, 125:1315-1324.

Yoshida S, Harada T, Mitsunari M, Iwabe T, Sakamoto Y, Tsukihara S, Iba Y,
Horie S, Terakawa N: Hepatocyte Growth Factor/Met System Promotes
Endometrial and Endometriotic Stromal Cell Invasion via Autocrine and
Paracrine Pathways. J Clin Endocrinol Metab 2004, 89:823-832.

Derksen PWB, Keehnen RMJ, Evers LM, van Oers MHJ, Spaargaren M,

Pals ST: Cell surface proteoglycan syndecan-1 mediates hepatocyte
growth factor binding and promotes Met signaling in multiple
myeloma. Blood 2002, 99:1405-1410.

Jin'Y, Wang X, Xiao Y, Lv C, Ding C, Lin Q: The Role of TSP-1 on Decidual
Macrophages Involved in the Susceptibility to Unexplained Recurrent
Spontaneous Abortion. Am J Reprod Immunol 2009, 61:253-260.

Adams JC, Kureishy N, Taylor AL: A Role for Syndecan-1 in Coupling
Fascin Spike Formation by Thrombospondin-1. J Cell Biol 2001,
152:1169-1182.

Laird SM, Dalton CF, Okon MA, Bunning RAD, Marshall R, Li TC:
Metalloproteinases and tissue inhibitor of metalloproteinase 1 (TIMP-1)
in endometrial flushings from pre- and post-menopausal women and
from women with endometrial adenocarcinoma. J Reprod Fertil 1999,
115:225-232.

Rechtman MP, Zhang J, Salamonsen LA: Effect of inhibition of matrix
metalloproteinases on endometrial decidualization and implantation in
mated rats. J Reprod Fertil 1999, 117:169-177.

Nikolova V, Koo CY, Ibrahim SA, Wang Z, Spillmann D, Dreier R, Kelsch R,
Fischgrabe J, Smollich M, Rossi LH, Sibrowski W, Wulfing P, Kiesel L, Yip GW,
Gotte M: Differential roles for membrane-bound and soluble syndecan-1
(CD138) in breast cancer progression. Carcinogenesis 2009, 30:397-407.
Bottazzi B, Garlanda C, Cotena A, Maalli F, Jaillon S, Deban L, Mantovani A:
The long pentraxin PTX3 as a prototypic humoral pattern recognition
receptor: interplay with cellular innate immunity. /mmunol Rev 2009,
227:9-18.

Tranguch S, Chakrabarty A, Guo Y, Wang H, Dey SK: Maternal Pentraxin 3
Deficiency Compromises Implantation in Mice. Biol Reprod 2007,
77:425-432.

Jaillon S, Jeannin P, Hamon Y, Fremaux |, Doni A, Bottazzi B, Blanchard S,
Subra J-F, Chevailler A, Mantovani A, Delneste Y: Endogenous PTX3
translocates at the membrane of late apoptotic human neutrophils and

55.

56.

57.

58.

Page 13 of 13

is involved in their engulfment by macrophages. Cell Death Differ 2008,
16:465-474.

Krussel JS, Bielfeld P, Polan ML, Simoén C: Regulation of embryonic
implantation. Eur J Obstet Gynecol Reprod Biol 2003, 110:52-S9.

Boomsma CM, Kavelaars A, Eijkemans MJC, Amarouchi K, Teklenburg G,
Gutknecht D, Fauser BJCM, Heijnen CJ, Macklon N: Cytokine profiling in
endometrial secretions: a non-invasive window on endometrial
receptivity. RBM Online 2009, 18:85-94.

Rops AL, Gotte M, Baselmans MH, van den Hoven MJ, Steenbergen EJ,
Lensen JF, Wijnhoven TJ, Cevikbas F, van den Heuvel LP, van Kuppevelt TH,
Berden JH, van der Vlag J: Syndecan-1 deficiency aggravates anti-
glomerular basement membrane nephritis. Kidney Int 2007, 72:1204-1215.
Gupta P, McCarthy J, Verfaillie C: Stromal fibroblast heparan sulfate is
required for cytokine-mediated ex vivo maintenance of human long-
term culture-initiating cells. Blood 1996, 87:3229-3236.

doi:10.1186/1477-7827-8-133

Cite this article as: Baston-Bust et al: Syndecan-1 knock-down in
decidualized human endometrial stromal cells leads to significant
changes in cytokine and angiogenic factor expression patterns.
Reproductive Biology and Endocrinology 2010 8:133.

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

¢ No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( BioMed Central



http://www.ncbi.nlm.nih.gov/pubmed/16009177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16009177?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16806486?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16806486?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16806486?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17704101?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17704101?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17704101?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17435771?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17435771?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17435771?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16085663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16085663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16085663?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15901641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15901641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15901641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15901641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18651707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18651707?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18424427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18424427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18424427?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7629039?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7629039?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9477330?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9477330?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9477330?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14764801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14764801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/14764801?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11830493?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11830493?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11830493?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19239428?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19239428?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19239428?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11257118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11257118?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10434927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10434927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10434927?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10645258?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10645258?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10645258?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19126645?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19126645?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19120471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19120471?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17538075?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17538075?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19079137?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19079137?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19079137?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12965085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12965085?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19146774?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19146774?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19146774?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17805240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17805240?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8605338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8605338?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8605338?dopt=Abstract

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Cell line and cell culture
	Transfection of pcDNA6/TR(c) via electroporation
	Immunocytochemistry for TetR
	Design of short hairpin RNAs
	Cloning of shRNAs of interest in pENTR(tm)/H1/TO and sequencing
	Transfection of pENTR™/H1/TO cloned fragments in pcDNA6/TR© transfected St-T1, selection
	Primers for Polymerase Chain Reaction (PCR)
	RNA isolation, reverse transcription, PCR and real-time PCR
	Tet induction of Sdc-1 knock-down in double transfected St-T1
	Subcellular protein fractionation and dot blot analysis for Sdc-1 expression
	Decidualization of St-T1 and Tet-induced KdS1
	Investigation of chemokine and angiogenic factor profiles via dot blot analysis with cell culture supernatant of decidualized St-T1 and KdS1 with or without IL-1β incubation
	Statistical analysis

	Results
	Immunocytochemistry
	Tet-induction of Sdc-1 knock-down
	Expression of Sdc-1 on cell membrane of KdS1
	Decidualization
	Dot Blots after decidualization
	Dot Blots after decidualization and IL-1β incubation

	Discussion
	Chemokines in decidualization and early embryo-maternal dialogue
	Angiogenic and growth factors in decidualization and early embryo-maternal dialogue
	Infection-associated molecules in decidualization and early embryo-maternal dialogue

	Conclusions
	List of abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

