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Abstract: Tetraspanin CD82 has been identified as a potential contributor to controlling trophoblast invasiveness in
human first-trimester pregnancy. However, it is unclear how the regulation of CD82 expression at maternal-fetal inter-
face. The present study is to investigate the effect of the trophoblast-derived CXCL12 on CD82 expression in decidual
stromal cells (DSCs) that in turn controls trophoblast cell invasiveness. In-cell Western was used to evaluate the ex-
pression of CD82 in DSCs. A co-culture model was established to investigate the reciprocal interaction between tro-
phoblasts and DSCs via CXCL12/CXCR4 and CD82 expression. We found that both anti-CXCL12 and anti-CXCR4 neu-
tralizing antibody can eliminate increase of CD82 expression in DSCs induced by the trophoblasts supernatant. More-
over, the invasiveness of trophoblasts pre-treated with anti-CXCR4 neutralizing antibody was significantly decreased.
Interestingly, when DSCs were pre-treated with anti-CXCR4 neutralizing antibody, the trophoblasts invasiveness in the
co-culture was enhanced, and thus anti-CXCR4 neutralizing antibody can reverse the decrease of trophoblasts inva-
siveness induced by CD82. The trophoblast cell-derived CXCL12 does not only increase the invasiveness in an
autocrine manner, but also control the over-invasion of trophoblasts through promoting CD82 expression in DSCs in a
paracrine manner, which maintains a physiological balance of human trophoblasts invasiveness via the cross-talk
between trophoblasts and DSCs.
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Introduction

Trophoblast cells display a very unique capabil-
ity that of invasion into decidual tissue that is
similar to tumor cells. The imposing difference
is that trophoblast cell invasion is temporally
and locally controlled in contrast to the unlim-
ited tumor cells invasion [1]. However, dysfunc-
tion between the interaction of trophoblasts
with the mother-derived decidual cells or im-
paired trophoblast cell invasion has been dem-
onstrated in association with not only fetal in-
trauterine growth restriction and pre-eclampsia,
but also first-trimester and late-term miscar-
riage [2-5].

Among the various types of mother-derived cells
at the maternal-fetal interface, decidual stromal
cells are major cellular component in human

deciduas. It involved in a series of immune regu-
lations such as production of cytokines, espe-
cially, a main source of the specific extracellular
matrix (ECM) during pregnancy, indicating that
the DSCs might be an important regulator on
trophoblasts migration and invasion [6, 7]. In
addition, a lot of tumor metastasis suppressors
are expressed in DSCs, such as CD82 and non-
metastatic gene 23-H1 (NME1, also known as
nm23-H1) [8]. Our previous research has found
that DSCs-expressed CD82 can promote the
tissue inhibitor of metalloproteinases 1 (TIMP1)
expression, and further control the invasiveness
of trophoblast in human first-trimester preg-
nancy, but the mechanism underlining that has
not been elucidated [9].

Local cytokines at the maternal-fetal interface
are produced either by trophoblasts themselves
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or the other component cells [10]. These cyto-
kines are often able to control trophoblast be-
havior in some way. The relationship of
chemokines to pregnancy has been investigated
by more and more researchers [11, 12]. It has
been demonstrated that first-trimester human
trophoblast secrete CXCL12 that not only in-
duces trophoblast proliferation [13] and inva-
sion[14] in an autocrine manner, but also re-
cruits CD56bentCD16- NK cells into deciduas in
a paracrine manner [15-17]. Moreover, DSCs
and trophoblasts in the early pregnancy co-
secrete CCL2 and co-express its receptor CCR2
[18, 19]. These chemokines might play an im-
portant role in both immune and non-immune
functions at the maternal-fetal interface during
human pregnancy.

To better understand the mechanisms in mater-
nal-fetal dialogue, we first evaluated the effect
of trophoblast cell-derived CXCL12 on the CD82
expression in DSCs by in-cell Western. Thereaf-
ter, a co-culture model was established to inves-
tigate their potential regulating role in the inter-
action between DSCs and trophoblasts by ma-
trigel invasion assay.

Materials and methods

Human placental tissue collection, cell isolation
and culture

All procedures involving participants in this
study were approved by Human Research Ethics
Committee of Obstetrics and Gynecology Hospi-
tal, Fudan University, and all subjects have com-
pleted an informed consent to collect tissue
samples.

Decidual (n=10) and placental tissues (n=10)
were from elective termination of the first-
trimester pregnancies (gestational age, 6-8
weeks) for no medical reason, or unexplained
miscarriage (gestational age, 6-8 weeks). The
tissues from the first-trimester pregnancy or
miscarriages were put immediately into ice-cold
Dulbecco’s modified Eagle’s medium (DMEM
high D-glucose; Gibco Grand Island, NY, USA),
transported to the laboratory within 30 min af-
ter surgery, and washed with Hank’s balanced
salt solution for isolation of DSCs and tro-
phoblast cells.

The DSCs (n=6) were isolated according to the
previous methods [18]. The decidual tissues
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were dissected free of trophoblast, and washed
in Ca2+Mg2*free phosphate-buffered saline
(PBS) and minced. The minced tissues were left
in a solution of 0.25%trypsin/0.025% EDTA
(Invitrogen, USA) for 10 min at 37°C for four
times. The enzymatic reaction was stopped by
adding cold DMEM high D-glucose medium with
20% fetal calf serum (GIBCO). The suspension
was filtered through sterile gauzes (pore diame-
ter sizes: 100, 300 and 400 mesh), and the
filtered suspension was centrifuged at 400xg
for 10min. The supernatant was discarded, and
the cell pellet was suspended in PBS solution
and centrifuged on a discontinuous gradient of
20, 40 and 50% Percoll (Amersham USA) for
20min at 800xg. The cells were recovered from
the 20/40% interface containing mainly DSCs,
and suspended with 10% fetal bovine serum
(FBS) in medium (GIBCO). After cultured for
30min, the non-adherent DSCs were recovered
free of leukocytes.

The villous tissues (n=6) were treated for tro-
phoblast isolation according to our previous
method [20]. The obtained placental tissues
were pooled, and digested by 0.25% trypsin and
0.02% DNase type | (Sigma, Saint Louis, Mis-
souri, USA) at 37°C with gentle agitation for
5min, and then was subjected further to four
cycles of 10 min digestion. The trypsinized cell
suspensions was filtered through sterile gauzes
(pore diameter sizes: 100, 300 and 400 mesh),
and the filtered suspension was centrifuged at
400xg for 10min. After the supernatant was
discarded, the cell pellet was suspended in
DMEM with high D-glucose, and then carefully
layered over a discontinuous Percoll gradient
(50% to 20% in 10% increments), and centri-
fuged for 20min at 800xg. The cells sediment-
ing at densities between 1.048 and 1.062 were
collected and washed with DMEM supple-
mented with 20% heat-inactivated FBS, and
then, the cells were incubated in a 6-well plate
coated with Matrigel (BD Biosciences, USA) in
5% CO2 at 37°C.

Immunostaining

For immunocytochemical staining, DSCs and
trophoblast cells from different patients growing
on coverslips were cultured for 48h. The cover-
slips were fixed in 4% paraformaldehyde for 20
min at room temperature, washed in PBS and
permeabilized for 10 min with 0.25% Triton-100
in PBS. The cells were then incubated with 1%
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BSA in PBS/Tween (PBST) for 30 min to block
non-specific binding of antibodies. The anti-
human vimentin monoclonal antibody (Sino-
America Co. Ltd) as markers for DSCs, and HLA-
G (Applied Biosystems, USA) and cytokeratin-7
antibodies (Zymed Laboratories, USA) as mark-
ers for trophoblast cells were then added. The
cells were incubated with primary antibody or
mouse IgG isotypic control (Sino-America Co.
Ltd) overnight at 4°C, and then incubated with
a peroxidase-conjugated secondary antibody for
60 min at 37°C. The slides were stained with
DAB, and counterstained with haematoxylin.
The experiments were repeated three times
from 6 different patients.

For immunohistochemistry, paraffin sections (5
mm) of human decidua and villi from the early
pregnancy were dehydrated in Tris-buffered sa-
line (TBS), and incubated with 3% hydrogen per-
oxide and 1% bovine serum albumin (BSA)/TBS
to block endogenous peroxidase. The samples
were then incubated with mouse anti-human
CD82 antibody (1:50, SC-17752, Santa Cruz
Biotechnology, USA), mouse anti-human CXCR4
antibody (15ug/ml, R&D Systems, Abingdon,
UK), goat anti-human CCR2 antibody (1:200,
ab1668, Abcam, Cambridge, UK), or mouse 1gG
isotype (for CD82 and CXCR4 groups) (Sino-
America Co. Ltd), or goat IgG isotype (for CCR2
group) (Sino-America Co. Ltd) overnight at 4°C
in a humidity chamber. After washing three
times with TBS, the sections were overlaid with
peroxidase-conjugated anti-mouse 1gG (SP-
9002, Golden Bridge International, Inc, USA) or
anti-goat 1gG (PV-9003, Golden Bridge Interna-
tional, Inc, USA), and the reaction was devel-
oped with 3,3-diaminobenzidine (DAB), and
counterstained with haematoxylin. The experi-
ments were repeated three times with 6 differ-
ent patients.

In-cell Western

According to the description by Egorina[21], we
used a set-up assay called in-cell Western to
determine the in-cell protein expression level of
CD82. The procedure was as follows: DSCs in
96-well plate were incubated with either tro-
phoblasts supernatant, or recombinant CCL2
(R&D Systems, Abingdon, UK) at the concentra-
tion from 10 to 500ng/ml, or anti-CXCL12 neu-
tralizing antibody (2-50ug/ml) (R&D Systems,
Abingdon, UK), or anti-CXCR4 neutralizing anti-
body (0.8-20ug/ml) (R&D Systems, Abingdon,
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UK), or anti-CCL2 neutralizing antibody (0.2-
5ug/ml) (R&D Systems, Abingdon, UK), or vari-
ous concentrations of RS102895 (a CCR2 an-
tagonist, 0-500 ng/ml, Sigma, USA) for 48h,
and then cells immediately fixed with 4% formal-
dehyde in PBS for 20min at room temperature.
After washing with 0.1% Triton, these cells were
blocked by add 150ul LI-COR Odyssey Blocking
Buffer (LI-COR Biosciences, Lincoln, Nebraska,
USA) for 90min at room temperature, and then
incubated with mouse anti-human CD82 anti-
body (20ug/ml, SC-17752, Santa Cruz Biotech-
nology, USA) and with rabbit anti-human actin
antibody (1:100, Santa Cruz Biotechnology,
USA) as control. After overnight treatment at 4°
C, the wells were incubated with the appropriate
secondary, IRDye™700DX-conjugated affinity
purified (red fluorescence) anti-mouse and IRD-
ye™800DX-conjugated affinity purified (green
fluorescence) anti-rabbit, fluorescence antibody
recommended by the manufacturer (Rockland,
Inc, Gibertsvile, PA, USA). This procedure was
carried out in the dark. Images of target gene
were obtained using the Odyssey Infrared Imag-
ing System (LI-COR Biosciences German version
of Ltd.). The protein expression level was calcu-
lated as the ratio of the intensity of target gene
to that of actin. The experiments were carried
out in triplicate, and repeated three times.

Enzyme-linked immunosorbent assay for deter-
mination of CXCL12 and CCL2

In order to analyze the CXCL12 and CCL2 secre-
tion levels in the primary DSCs or trophoblasts
(1x105cells/well), we collected the supernatant
of these two cells that were seeded in 24-well
plates for 24, 48 or 72h. Thereafter, the culture
supernatants were harvested, centrifuged to
remove cellular debris, and stored at -80°C un-
til being assayed by enzyme-linked immunosor-
bent assay (ELISA). The CXCL12 and CCL2 con-
centrations in the supernatant were quantified
by ELISA kits (R&D Systems, Abingdon, UK) ac-
cording to the manufacturer’s instructions. Each
experiment was carried out in triplicate, and
repeated three times

CD82 silence in DSCs

For siRNA transfection, the primary DSCs were
seeded in 96-well plates. When cells had
reached confluency, medium was changed to
OPTIMEM (Invitrogen, USA). The short interfer-
ing RNA (siRNA) oligonucleotides targeting
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CD82 (set of three oligonucleotides; Stealth
Select RNAi; Invitrogen) and Lipofectamine™
2000 (Invitrogen, USA) were mixed in OPTIMEM,
and then added to the cells at room tempera-
ture with nontargeting siRNA oligonucleotides
as negative control. After 6h incubation, the
cells were incubated in DMEM for further 72h in
5% CO2 at 37°C, and the gene knockdown was
confirmed by in-cell Western.

Matrigel invasion assay

The invasion of trophoblast cells across the Ma-
trigel was evaluated objectively in invasion
chamber, based on our previous procedure
[22]. Briefly, the cells inserts (8mm pore size,
6.5mm diameter, Corning, USA) coated with 15-
25ul matrigel were placed in a 24-well plate.
The CD82-silenced DSCs (1 x 105) in the lower
chamber and or trophoblast cells (1 x 105) in
the upper chamber were pre-treated with or
without anti-CXCR4 neutralizing antibody (4ug/
ml) for 4h, then was formed a indirect co-culture
unit. The cells were then incubated at 37°C for
48h. The inserts were removed, washed in PBS
and the non-invading cells together with the
matrigel were removed from the upper surface
of the filter by wiping with a cotton bud. The
inserts were then fixed in methanol for 20min at
room temperature and stained with hematoxy-
lin. The result was observed under Olympus
BX51+DP70 microscope (Olympus, Tokyo, Ja-
pan). The cells migrated to the lower surfaces
were counted in full fields at a magnification of
x 200. Each experiment was carried out in tripli-
cate, and repeated three times.

Statistics

All values were shown in the mean + SE. Data
were analyzed using one-way analysis of vari-
ance and least significant difference (equal vari-
ances assumed), or Tamhane’s test (equal vari-
ances not assumed) was used post hoc for mul-
tiple comparisons with Statistical Package for
the Social Sciences software version 11.5. Dif-
ferences were considered as statistically signifi-
cant at P<0.05.

Results
The primary trophoblasts up-regulates CD82
expression in DSCs through secreting soluble

molecules

In the present study, we first characterized the
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purity of primary human trophoblasts and DSCs
by immunocytochemistry. The trophoblast cells
were almost all stained for CK7 and HLA-G,
whereas were not found stained with anti-
vimentin antibody (Figure 1A). The purity of the
isolated trophoblast cells was >95%. On the
contrary, almost all vimentin-positive DSCs were
negative for CK7 and HLA-G (Figure 1A).

Thereafter, we used immunohistochemistry and
in-cell Western to detect CD82 expression at
human maternal-fetal interface in the early
pregnancy, as shown in Figure 1B, only did hu-
man decidua and DSCs express CD82, but villi
and trophoblast cells were negative for CD82.

In order to testify whether trophoblasts can
regulate CD82 expression in DSCs, we collected
the supernatant of trophoblasts after cultured
for 72h, and then added to primary DSCs at the
concentration ratio of 10:1, 1:1 and 1:10, re-
spectively. After 48h, it was shown in in-cell
Western that trophoblasts could enhance CD82
expression in DSCs in a dose dependent man-
ner (Figure 1B, P<0.05). It may be concluded
that trophoblast cells up-regulate the CD82 ex-
pression in DSC via producing some soluble
molecules and further control the invasiveness
of themselves.

The trophoblast cell-derived CXCL12 up-
regulates CD82 expression in DSCs

Many transcription factors are involved in CD82
transcription regulation[23], especially NF-kB.
NF-kB P50 subunit was found to bind to an up-
stream region of the CD82 gene transcription
start site [24]. The over-expression or activation
of NF-kB elevates the mRNA and protein levels
of CD82 in murine pro-B cells[25], and various
human adenocarcinoma cell lines [26].

As we have known previously, human tro-
phoblast cells can secret various chemokines,
such as CXCL12 and CCL2, which are also in-
volved in regulating the invasion of trophoblasts
[14, 18]. Moreover, CXCL12 has been reported
to activate a variety of signal pathways, includ-
ing NF-kB in pre-B cell lines[27], and induce
p65 nuclear translocation in mesoangioblasts
[28]. To explore the effect of trophoblasts on
the CD82 expression in DSCs, we first evaluated
the expression of CXCL12/CXCR4 and CCL2/
CCR2 in trophoblasts and DSCs, respectively, in
the early pregnancy. It is showed in Figure 2A
that both primary trophoblasts and DSCs se-
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Figure 1. The primary trophoblast cells up-regulate CD82 expression in DSCs through secreting soluble molecules. (A)
Characterization of human first-trimester trophoblasts and DSCs by immunocytochemistry. Trophoblast cells migrated
together, but were not fused when cultured in vitro with matrigel that were stained strongly by anti-CK7 and anti-HLA-
G monoclonal antibody (mAb), not by anti-vimentin mAb. Decidual stromal cells (DSCs) were positive for vimentin and
negative for CK7 and HLA-G. Magnification: x200. (B) Immunohistochemistry and in-cell Western were used to ana-
lyze CD82 expression in the paraffin-embedded tissues, primary trophoblasts and DSCs, respectively. CD82 is only
expressed in DSCs and not in trophoblast cells of human first-trimester pregnancy. Magnification: x200. CD82 (red);
actin antibody (mAb), not by anti-vimentin mAb. Decidual stromal cells (DSCs) were positive for vimentin and negative
for CK7 and HLA-G. Magnification: x200. (B) Immunohistochemistry and in-cell Western were used to analyze CD82
expression in the paraffin-embedded tissues, primary trophoblasts and DSCs, respectively. CD82 is only expressed in
DSCs and not in trophoblast cells of human first-trimester pregnancy. Magnification: x200. CD82 (red); actin (green).
(C) The primary DSCs were treated with trophoblasts supernatant for 48h (the ratio of DMEM-High Glucose medium
to trophoblasts supernatant was 10:1, 1:1 and 1:10, respectively). In-cell Western indicates that trophoblasts can
increase CD82 expression in DSCs. CD82 (red); actin (green). Results were highly reproducible in three independent
experiments. Tros: Trophoblast cells. Error bars depict the standard error of the mean. *P<0.05 compared to the
control.

crete CXCL12 (Figure 2A, left) and CCL2 (Figure
2A, right), but the secretion of CXCL12 in tro-
phoblasts was much more than that of DSCs.
According to the results of immunohistochemis-
try, both trophoblasts and DSCs express CXCR4,
the receptor of CXCL12, and the receptor of
CCL2, CCR2 (Figure 2B).

Thereafter, we used in-cell Western to investi-
gate the effect of CXCL12 and CCL2 on CD82
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expression in DSCs, and found that the expres-
sion of CD82 in DSCs was obviously increased
by recombinant human CXCL12 with increase of
concentrations (Figure 2C, left, P<0.05), but
recombinant human CCL2 could not change the
CD82 expression (Figure 2C, right, P>0.05). We
found further that the increase of CD82 expres-
sion in DSCs induced by trophoblasts super-
natant was completely abolished by anti-
CXCL12 (Figure 2D, left, P<0.05 or P<0.01) or

Int J Clin Exp Pathol 2011;4(3):276-286
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Figure 2. CXCL12 secreted by trophoblasts promotes CD82 expression in DSCs. (a) CXCL12 and CCL2 secretion in
the primary trophoblasts and DSCs at 24, 48 and 72h, respectively. (b) The paraffin-embedded villi and decidua were
analyzed by immunohistochemistry. The results show that both trophoblasts and DSCs express CXCR4 and CCR2.
Magnification: x200. (c) DSCs were incubated with recombinant human CXCL12 or CCL2 for 48h, then in-cell West-
ern demonstrates that CXCL12 can up-regulate CD82 expression in DSCs in a dose-dependent manner, but not by
CCL2. CD82 (red); actin (green). In-cell Western was used to investigate CD82 expression in DSCs treated with tro-
phoblasts supernatant and different concentration of anti-CXCL12 neutralizing antibody, anti-CXCR4 neutralizing anti-
body (d), anti-CCL2 neutralizing antibody or RS102895 (a CCR2 antagonist) (e) for 48h. The results show that both
anti-CXCL12 neutralizing antibody and anti-CXCR4 neutralizing antibody can reverse the increase of CD82 expression
induced by trophoblasts supernatant. CD82 (red); actin (green). These pictures are representatives of three individual
experiments. Error bars depict the standard error of the mean. *P<0.05, **P<0.01 compared to the control.

anti-CXCR4 (Figure 2D, right, P<0.05 or P<0.01) CXCL12 regulates invasion through promoting
neutralizing antibody. However, anti-CCL2 neu- CD82 expression in DSCs, we first silenced
tralizing antibody or RS102895 (a CCR2 antago- CD82 expression in DSCs (Figure 3A, P<0.01),
nist) couldn’t participate in CD82 expression then used recombinant human CXCL12 to treat
regulation by the trophoblast cell-derived super- the transfected DSCs (the procedure for Figure
natant (Figure 2E, P>0.05), which suggests that 30C), or anti-CXCR4 neutralizing antibody to pre-
trophoblasts up-regulate expression of CD82 in treat the siRNA transfected DSCs and/or tro-
DSCs mainly via secreting CXCL12 rather than phoblasts (the procedure for Figure 3D) for 4h,
CCL2. and further constructed the indirect co-culture

unit for another 48h (Figure 3B). As shown in
The trophoblast-derived CXCL12 regulates the Figure 3C, the invasiveness of trophoblasts in
invasiveness of trophoblasts through autocrine/ co-culture unit was markedly enhanced after
paracrine mechanisms CD82 silence in DSCs (P<0.01). However, the

invasiveness of trophoblasts was decreased
To testify whether the trophoblast-derived when they were co-cultured with the CXCL12-
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Figure 3. The trophoblast-derived CXCL12 regulates the invasiveness of trophoblasts through autocrine/paracrine
mechanismes. (a) DSCs were silenced for CD82 for 72h, and then the efficiency was demonstrated by in-cell Western.
CD82 (red); actin (green). (b) We treated siRNA transfected DSCs with recombinant CXCL12 (c), or pre-treated trans-
fected DSCs and/or trophoblasts with anti-CXCR4 neutralizing antibody (d) for 4h, and then constructed the indirect
co-culture unit. After 48h, the Matrigel invasion assay was used to detect the trophoblasts invasion in the co-culture
unit. The results show that CXCL12 secreted by trophoblasts in early pregnancy can promote the invasiveness of
themselves in autocrine manner, on the other hand, can control the trophoblasts invasiveness through up-regulating
CD82 expression in DSCs. Maghnification: x200. Results are highly reproducible in three independent experiments.
blank: no Transfection; control: the nontargeting siRNA oligonucleotides; silence: CD82 was knocked down. DSCs
(CXCL12): DSCs were dealed with recombinant CXCL12; DSCs (a-CXCR4): DSCs were pre-treated with anti-CXCR4
neutralizing antibody; Tro(a-CXCR4): Trophoblasts were pre-treated with anti-CXCR4 neutralizing antibody. Error bars
depict the standard error of the mean. *P<0.05, **P<0.01 compared to the si-neg control. #P<0.05 compared to si-
negative control and anti-CXCR4 neutralizing antibody pre-treated DSCs.
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pulsed DSCs (P<0.05). As shown in Figure 3D, (Figure 3D, P<0.05), and anti-CXCR4 neutraliz-
the invasiveness of the pre-treated trophoblasts ing antibody could abolish the decrease of tro-
with anti-CXCR4 neutralizing antibody was sig- phoblasts invasion induced by DSCs-expressed
nificantly weaken (Figure 3D, P<0.01), but anti- CD82. In addition, when the primary tro-
CXCR4 neutralizing antibody could not change phoblasts and the siRNA transfected DSCs were
the trophoblasts invasion regulated by CD82. pre-treated with anti-CXCR4 neutralizing anti-
Surprisingly, we found that the trophoblasts body, the invasion of trophoblasts in co-culture
invasiveness in co-culture unit was increased unit was decreased, but was higher than that of
when the siRNA transfected DSCs were pre- the pre-treated trophoblasts (Figure 3D,
treated with anti-CXCR4 neutralizing antibody P<0.05), which suggests that the trophoblast
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cell-derived CXCL12 can promote the invasion
of themselves in an autocrine manner, on the
other hand, can suppress the trophoblasts inva-
sion through up-regulating CD82 expression in
DSCs in a paracrine manner in human early
pregnancy.

Discussion

As a key component of human placenta, tro-
phoblast is the only embryo-derived cell that
interacts directly with the mother-derived cells
in decidua. Trophoblast invasion is a series of
tightly controlled program that is pivotal to im-
plantation and placentation. Excessive or insuf-
ficient invasion of trophoblasts has been dem-
onstrated as highly associated to pregnancy
failure [2-4]. Trophoblasts invasion is regulated
by cross-talking of paracrine and autocrine regu-
lation between the trophoblast cells and DSCs
at maternal-fetal interface [29]. Our previous
research has demonstrated that tumor metasta-
sis suppressor gene CD82 is expressed in the
primary DSCs, but not in the primary tro-
phoblasts which up-regulates TIMP1 expression
in DSCs and controls the invasiveness of tro-
phoblast cells through suppressing integrinf1/
MAPK/ERK1/2 signal pathway.® In this present
study, we have found that trophoblasts can pro-
mote CD82 expression in DSCs through secret-
ing some molecules, so CD82 might be a media
of the cross-talking between trophoblasts and
DSCs at maternal-fetal interface in humans.

Chemokines are a sort of small molecular cyto-
kine that is involved in a series of physiology
and pathological biological events, including
chemotaxis, cellular proliferation, differentia-
tion, apoptosis, hematopoiesis, angiogenesis,
pro-tumor and anti-tumor, and inflammatory
disease [30-34]. It has been demonstrated that
human first-trimester trophoblasts can secrete
a lot of chemokines, especially CXCL12 [13-16]
and CCL2 [19], which induce maternal-fetal
tolerance, and improve the biologic functions of
trophoblast cells, including proliferation and or
invasion. In the present work, we have found
that DSCs can highly express CXCR4, CXCL12
receptor, and CCR2, CCL2 receptor. In addition,
CXCL12 can activate NF-kB [27], and induce
p65 nuclear translocation [28], which plays an
important role in enhancing CD82 transcription.
Therefore, we propose that the trophoblast-
derived CXCL12 and/or CCL2 might be involved
in CD82 expression regulation.
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To verify our speculation, we first investigated
the effect of recombinant human CXCL12 and
CCL2 on CD82 expression in DSCs. Unlike
CXCL12 that are able to up-regulate CD82 ex-
pression, exogenous CCL2 exhibited no detect-
able effect on the CD82 expression. Moreover,
unlike neutralizing antibody to CXCL12 or
CXCR4, neutralizing antibody to CCL2 or CCR2
antagonist failed to block the increase of CD82
expression induced by trophoblasts super-
natant, suggesting trophoblasts promote CD82
expression of DSCs in paracrine manner mainly
through secreting CXCL12. Therefore, this ac-
tion was independent of CCL2/CCR2 pathway.

Our previous work has shown that CXCL12 in-
creases trophoblasts invasion in autocrine man-
ner through promoting MMP2 and MMP9 ex-
pression [14]. To better understand the role of
CXCL12/CXCR4 interaction on CD82 expression
in DSCs, we established an indirectly co-culture
model. As we predicted, after co-culture with the
CD82-silenced DSCs, the trophoblasts invasion
increased. However, if these siRNA transfected
DSCs were pre-treated with anti-CXCR4 neutral-
izing antibody before co-culture, the invasive-
ness of trophoblasts was obviously increased,
but also the decrease of trophoblasts invasion
induced by DSCs-derived CD82 can be abol-
ished. But this result is different from the direct
co-culture results in our previous work [14],
which suggests that trophoblasts up-regulate
CD82 expression of DSCs through secreting
CXCL12, at the same time, possibly reduce
CD82 expression via expressing some cell sur-
face molecule and or cell-cell contact effect. In
addition, if DSCs and trophoblasts are simulta-
neously pre-treated with anti-CXCR4 neutralizing
antibody, trophoblast invasiveness is impaired,
and stronger than the trophoblasts pre-
treatment, which suggests that the trophoblast
cell-derived CXCL12 promotes the cross-talk
between trophoblasts and DSCs through up-
regulating CD82 expression, which provides a
precise two-way regulation on trophoblasts inva-
siveness.

In conclusion, as shown in Figure 4, human first-
trimester trophoblasts promote their own inva-
siveness and MMP expression in an autocrine
manner via CXCL12/CXCR4 axis.14 Our present
study has further demonstrated that the tro-
phoblast cell-derived CXCL12 can also up-
regulate CD82 expression in DSCs in a
paracrine manner that in turn controls tro-
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Figure 4. Schematic roles of CD82 and CXCL12 in the regulation of trophoblasts invasiveness. On the one hand, The
CXCL12 secreted by trophoblasts promotes MMP2 and MMP9 expression, and further increases trophoblasts inva-
sion in an autocrine manner. On the other hand, trophoblast cell-derived CXCL12 up-regulates CD82 expression in
DSCs in a paracrine manner, which improves TIMP1 expression in DSCs and controls the trophoblasts over-invasion
via suppressing integrinB1/MAPK/ERK1/2 signal pathway. Therefore, CXCL12 can maintain optimal invasion of tro-
phoblast in the early pregnancy, and take part in maintenance of normal pregnancy.

phoblast over-invasion through suppressing
integrinB1/MAPK/ERK1/2 signal pathway,
which suggests that CXCL12 plays an important
role in the appropriate invasion of trophoblasts
at maternal-fetal interface in humans.
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