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The CXCL12/CXCR4 axis is involved in the maintenance
of Th2 bias at the maternal/fetal interface in early human
pregnancy

Hai-Lan Piao1, Yu Tao1, Rui Zhu1,2, Song-Cun Wang1, Chuan-Ling Tang1, Qiang Fu1,3, Mei-Rong Du1

and Da-Jin Li1

The regulatory mechanism of Th2 bias at the maternal/fetal interface remains unclear. In this study, we characterized cytokine

production in decidual stromal cells (DSCs), decidual immune cells (DICs) and embryo-derived trophoblast cells, and investigated the

regulation of CXCL12/CXCR4 interaction on Th2 bias at the maternal/fetal interface in early human pregnancy. We found differential

production of Th1-type and Th2-type cytokines by trophoblasts, DSCs and DICs. The secretion of these cytokines varied in different cell

cocultures, conduced to Th2 bias. Flow cytometry showed that coculture of trophoblasts with DSCs and DICs significantly increased

IL-4 and IL-10 production in trophoblasts, and IL-10 production in DSCs. However, the coculture of trophoblasts with DSCs and DICs

significantly increased interferon (IFN)-c expression in DSCs, and tumor-necrosis factor (TNF)-a expression in DICs. No change was

seen in Th1-type cytokine production in trophoblasts, and in Th2-type cytokine production in DICs in all cocultures. Furthermore,

pre-treatment with anti-CXCR4 neutralizing antibody upregulated the production of the Th1-type cytokines IFN-c and TNF-a, and

downregulated the production of the Th2-type cytokines IL-4 and IL-10, in trophoblasts, DSCs, DICs or their cocultures. Interestingly,

rhCXCL12 inhibited production of the Th1-type cytokine TNF-a and enhanced the expression of the Th2-type cytokines such as IL-4

and IL-10 in DICs; this effect was abrogated by anti-CXCR4 antibody. Our present study has elucidated the individual contributions of

component cells to the shaping of Th2 bias, and uncovered a complicated cross-talk via the CXCL12/CXCR4 signal at the maternal/fetal

interface in early human pregnancy.

Cellular & Molecular Immunology (2012) 9, 423–430; doi:10.1038/cmi.2012.23; published online 13 August 2012

Keywords: CXCL12/CXCR4; maternal/fetal interface; Th1/Th2

INTRODUCTION

A unique cytokine network at the maternal/fetal interface plays a key

role in the maintenance of pregnancy by modulating and integrating

the immune and endocrine systems. It has been confirmed that Th2

bias is present at the maternal/fetal interface and in the periphery of

successful pregnancy, and that a Th1 bias at the maternal/fetal inter-

face is associated with pregnancy wastage.1–5 However, how the Th2

bias is developed and maintained at the maternal/fetal interface is still

undefined.

It is beyond question that decidual lymphocytes play a major part in

the local cytokine production and Th2 bias in normal pregnancy. In

contrast to peripheral blood, a unique composition of immune cells

can be found at the maternal/fetal interface with approximately 50%–

70% natural killer cells, 15% macrophages and 10% CD31 T lympho-

cytes. Decidual natural killer cells are CD56brightCD162, and produce

a variety of cytokines and growth factors that participate in spiral

artery/tissue remodeling and placentation.6 Decidual macrophages

are alternatively activated to exert anti-inflammatory actions. These

cells produce few reactive oxygen derivatives, but do produce IL-10

and IL1-R antagonist.7 Placental cdT cells are activated to produce

immunosuppressive IL-10 and transforming growth factor b2 which

could inhibit the Th1 response.8 Decidual CD41 and CD81 T cells

from miscarriages are defective in IL-4 and IL-10 production in com-

parison with decidual T cells from normal pregnancy.9 Consistent

with this, the expression of a chemoattractant receptor homologous

molecule on Th2 cells (a marker of IL-4-producing cells) in CD41 and

CD81 T cells has been reported at the site of implantation in successful

pregnancy.10

The commitment to Th1 or Th2 phenotypes can be brought about

by multiple mechanisms, including the differential expression of
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distinct cytokine genes and transcriptional factors.11–13 Signal trans-

ducer and activator of transcription (STAT) 4 and STAT6 are key

regulators in T-cell differentiation, and specifically mediate signals

that emanate from the IL-12 and IL-4 receptors, respectively.14

Interferon (IFN)-c, tumor-necrosis factor (TNF)-a and IL-12 pro-

mote the differentiation of naive Th0 cells into Th1 cells, whereas

IL-4 is the most dominant factor for Th2 polarization. Various studies

have categorized macrophages into M1 or M2 subsets based on cell

surface phenotype, cytokine production and functional features, mir-

roring the Th1/Th2 paradigm.15 Both IL-4 and IL-10 can inhibit the

development and function of Th1 cells and M1 macrophages, thus

inhibiting allograft rejection.16 Decidual macrophages are character-

ized by an immunosuppressive phenotype (M2), and M2 polarization

results in immune tolerance.17,18

DSCs are the major cellular component in decidua. In addition

to secreting a series of cytokines, DSCs play a crucial role as non-

professional antigen-presenting cells in the regulation of decidual

CD41 T-cell cytokine production which helps to maintain a balanced

cytokine milieu at the maternal/fetal interface. DSCs can operate with

trophoblasts in modulating trophoblast invasiveness and placenta-

tion.19,20 DSCs and trophoblasts can produce macrophage inhibitory

cytokine 1 which modulates the dendritic cell phenotype with a tol-

erogenic subtype in decidua.21

As a key component of human placenta, trophoblasts are the only

embryo-derived cells that interact directly with mother-derived cells.

Human placental cytotrophoblasts produce the immunosuppressive

cytokine IL-10 and the Th2-dominant cytokine IL-4 which promote

trophoblast invasion and cause Th2 polarization and maternal–fetal tol-

erance. Placental trophoblasts decrease the production of Th1-type and

Th17-type cytokines by peripheral T lymphocytes, inhibit the expression

of transcription factors required for Th1 immunity and enhance the

expression of transcription factors required for Th2 immunity.22

Our previous study has demonstrated that trophoblasts can confer to

decidual dendritic cells the ability to induce differentiation of Th0 into

Th2 cells via the secretion of thymic stromal lymphopoietin in early

human pregnancy.23 Recently, we have confirmed that the first-trimes-

ter human trophoblast cells secrete chemokine (C-X-C motif) ligand 12

(CXCL12) which, in addition to inducing trophoblast proliferation and

mediating crosstalk between trophoblasts and DSCs, can also recruit

CD56brightCD162 natural killer cells into the decidua by its interaction

with chemokine (C-X-C motif) receptor 4 (CXCR4).19,20,24 All these

observations suggest that the chemokine CXCL12/CXCR4 signal might

play an important role in the cross-talk between different functional cell

types at the human maternal/fetal interface.

In the present study, we investigated whether the CXCL12/CXCR4

axis was involved in the development of Th2 bias at the maternal/fetal

interface. We first examined the extracellular and intracellular pro-

duction of Th1/Th2-type cytokines in functional cells at the human

maternal/fetal interface by using a Bioplex assay and flow cytometry

(FCM). Thereafter, we investigated the interaction of different com-

ponents and their regulatory roles in cytokine production through

different cocultures. We found that the CXCL12/CXCR4 signal axis

was actively involved in the development of Th2 bias at the maternal/

fetal interface.

MATERIALS AND METHODS

Patient recruitment

The first-trimester human villous and decidual tissues were obtained

from 30 women in healthy early pregnancy confirmed by ultrasound

(age, 29.7064.78 years; gestational age at sampling, 53.8366.72 days,

mean6s.d.), which were terminated for non-medical reasons. Each

subject completed a signed, written consent form approved by the

Human Investigation Committee in the Hospital of Obstetrics and

Gynecology, Fudan University.

Isolation and primary culture of human first-trimester

trophoblast cells

Trophoblast cells were isolated by trypsin-DNase I digestion and dis-

continuous Percoll gradient centrifugation, as described in our pre-

vious studies,19,23 and were cultured in Dulbecco’s modified Eagle

medium (DMEM)—high-glucose complete medium (2 mM gluta-

mine, 25 mM N-2-hydroxyethylpiperazine-N’-2-ethanesulfonic acid,

100 IU/ml penicillin and 100 mg/ml streptomycin) supplemented with

20% heat-inactivated fetal bovine serum (Invitrogen, Carlsbad, CA,

USA) in 5% CO2 at 37 uC.

Isolation and primary culture of DSCs and DICs

DSCs and DICs were isolated by trypsin-DNase I digestion and

discontinuous Percoll gradient centrifugation, as described in our

previous study.19 The densities of the recovered DSCs or decidual

mononuclear cells were between 1.042 and 1.062 g/ml, and between

1.062 and 1.077 g/ml, respectively. The cells were cultured in DMEM/

F12 or RPMI-1640 complete medium supplemented with 10% fetal

bovine serum, 100 U/ml penicillin and 100 mg/ml streptomycin in 5%

CO2 at 37 uC.

Coculture of trophoblasts, DSCs and DICs

The freshly isolated trophoblasts, DSCs or trophoblasts with DSCs

(1:1) were seeded at a density of 13106 cell/ml per well in six-well

plates overnight. The supernatants were aspirated completely, and

the cells were washed with 13 phosphate-buffered saline. The same

number of DICs were added in each well, and cocultured continu-

ously for 48 h; the culture of DICs alone was also included. Some

wells were treated with neutralizing antibodies against CXCR4

(20 mg/ml) or the isotype control (20 mg/ml). The supernatants

were collected and centrifuged at 2000 g, then transferred to a

new tube and stored at 280 uC for Bioplex assay. To increase

cytokine production, phorbol myristate acetate (PMA, 25 ng/ml)

and ionomycin (1 mg/ml) which are commonly used to stimulate

intracellular cytokine production in vitro were added to the culture

to activate cells for 4 h before the end of the 48 h culture, as

optimized in our previous study.23 For intracellular cytokine ana-

lysis, a Golgi inhibitor brefeldin A (10 mg/ml) was used to block

cytokine secretion into the media after the activation of cells by

using PMA (25 ng/ml) and ionomycin (1 mg/ml) for 4 h before the

end of the 48 h culture, and then the cells were harvested and

analyzed by FCM to assess intracellular cytokine production.

Cytokine quantitation in supernatant by Bioplex assay

The supernatant from each indicated group was collected and centri-

fuged at 2000g, then transferred to a new tube and stored at 280 uC.

The levels of cytokines, including IL-4, IL-10, TNF-a, IFN-c and

CXCL12, in the culture supernatants were quantified using the

Bioplex assay following the manufacturer’s instructions.

Monoclonal antibodies

FITC-conjugated anti-IFN-c (mouse IgG1), anti-CD45, anti-cytoker-

atin (CK)-7, phycoerythrin-conjugated anti-TNF-a (mouse IgG1),

vimentin, IL-4 (mouse IgG2b), phycoerythrin-Cy5.5-conjugated

anti-IL-4 (mouse IgG1), allophycocyanin-conjugated anti-IFN-c and
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anti-IL-10 (mouse IgG2b) monoclonal antibodies (mAbs), and the

corresponding isotype controls, were purchased from Caltag

Laboratories, Inc. (Burlingame, CA, USA).

FCM

To assess intracellular cytokine production, cells were treated with

PMA (25 ng/ml), ionomycin (1 mg/ml) and brefeldin A (10 mg/ml)

for 4 h in 24-well flat-bottom plates (Nunc, Roskilde, Denmark)

before the end of the 48 h culture with or without neutralizing

antibodies against CXCR4 (20 mg/ml) or rhCXCL12 (200 ng/ml).

Thereafter, the floating cells (DICs) and attached cells (trophoblasts

and DSCs) were harvested and resuspended in phosphate-buffered

saline at a cell density of 33106/ml. The cell suspension was placed

in Falcon 2054 polystyrene round-bottom tubes (Becton Dickinson,

Franklin Lakes, NJ, USA) in 100 ml aliquots for immunolabeling.

The floating leukocytes were washed twice, immediately stained

with CD45 mAb (a marker for leukocytes) using a standard immu-

nofluorescence assay, and then were fixed, permeabilized and

stained for TNF-a, IFN-c, IL-4 and IL-10 mAbs for 30 min at

4 uC. The attached trophoblasts and DSCs were fixed, permeabi-

lized and stained for CK-7 (a marker for trophoblasts), vimentin (a

marker for DSCs), TNF-a, IFN-c, IL-4 and IL-10 mAbs, and then

washed twice and resuspended in phosphate-buffered saline for

FCM analysis. In parallel, isotypic IgG was used as a control.

Samples were analyzed in an FACSCalibur flow cytometer (Becton

Dickinson) using CellQuest software (Becton Dickinson). Statistical

analysis was conducted using the isotype-matched control as the ref-

erence. Typically, less than 1% positive cells were allowed beyond the

statistical marker in the appropriate control.

Statistical analysis

One-way or two-way analysis of variance was used for the statistical

comparisons of cytokine production. The post hoc Dunnett t test was

used to compare the significance between the control and various

treatments. All error bars in the figures indicate standard errors

(s.e.). Statistical significance was set at P,0.05.

RESULTS

Secretion of cytokines (Th1/Th2) in functional cells at the maternal/

fetal interface in early human pregnancy

We first measured the cytokine secretion of primary functional cells at the

maternal/fetal interface by the Bioplex assay. As shown in Figure 1a, the

IFN-c secretion from DICs was about 122.5166.23 pg/ml; DSCs secreted

very low levels of IFN-c while trophoblasts secreted almost no IFN-c. All

three types of cells secreted TNF-a, with their respective secretion levels

following the order: DSCs.DICs.trophoblasts. For Th2-type cytokines,

IL-4 was secreted by all the cells, with their respective secretion levels

following the order: DICs.DSCs.trophoblasts, while IL-10 was secreted

by all the cells, with their respective secretion levels following the order:

trophoblasts.DSCs.DICs. To determine intracellular cytokine produc-

tion in each cell type, multiple staining and FCM were used for a panel of

four cytokines (TNF-a, IFN-c, IL-4 and IL-10). As shown in Figure 1b

and Supplementary Figure 1, there was almost no expression of IFN-c in

trophoblasts and DSCs. The percentage of IFN-c-positive DICs was about

7.06%61.36%. About 15.11%63.17%, 9.21%65.7% and 9.51%64.65%

of human trophoblasts, DSCs, and DICs, respectively, were TNF-a-pos-

itive. However, IL-4-positive cells were found in 31.86%616.50% of

trophoblasts, 65.13%617.95% of DSCs and 19.39%615.69% of DICs.

IL-10-positive cells were about 11.05%64.67%, 11.03%69.7% and

3.56%63.07%, in trophoblasts, DSCs and DICs, respectively. Our current

result indicates that all the examined functional cell types are involved in

shaping of the Th2 bias milieu at the maternal/fetal interface of early

pregnancy in humans.

Th2 bias is regulated by interaction of the functional cells at the

maternal/fetal interface

To investigate the interplay of the components involved in Th2 bias

at the maternal/fetal interface, we first evaluated the secretion of

cytokines in the supernatant from different cocultures. As shown in

Figure 2a, the coculture of trophoblasts with DSCs increased Th2-

type but not Th1-type cytokine secretion. Both Th1- and Th2-type

cytokines were further increased in the coculture of trophoblasts,

DSCs and DICs. The secretion of Th1-type cytokines was found to

be highest in the DSC1DIC cocultures without or with tropho-

blast, followed by the trophoblast1DIC coculture, and lowest in the

Figure 1 Expression of cytokines in the components of the maternal/fetal interface. (a) Secretion of cytokines by first-trimester trophoblasts, DSCs and DICs. Primary

human trophoblasts, DSCs and DICs were cultured individually in six-well plates for 48 h. Before harvest, the cells were treated with PMA and ionomycin for 4 h. The

supernatants were harvested, centrifuged and subjected to Bioplex assay. (b) Intracellular cytokine production in primary trophoblasts, DSCs and DICs. Isolated

human trophoblasts, DSCs and DICs were treated with PMA, ionomycin and brefeldin A for 4 h, and then harvested and labeled for surface CD45, followed by

intracellular labeling of CK-7, vimentin, TNF-a, IFN-c, IL-4 and IL-10. The intracellular production of cytokines was analyzed by flow cytometry. The percentages of

positive cells in the indicated cells summarize the findings of four independent experiments with 23 villi and four deciduas. Data represent the mean6s.e. of four

experiments performed in triplicate wells with four different samples. CK, cytokeratin; DIC, decidual immune cell; DSC, decidual stromal cell; IFN, interferon; PMA,

phorbol myristate acetate; s.e., standard error; TNF, tumor-necrosis factor.
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trophoblast1DSC coculture. In contrast, the secretion of Th2-type

cytokines was highest in the trophoblast1DIC1DSC and trophoblast1

DIC coculture, and lowest in the trophoblast1DSC coculture. We

then investigated the ratios of IL-4/TNF-a and IL-10/IFN-c, and

found that the ratio of IL-4/TNF-a increased in the coculture,

particularly in the coculture of all three cell types, compared to

that of cell type alone (Figure 2b). However, the ratio of IL-10/

IFN-c was very high in trophoblasts alone, even with DSCs, which

might be due to the limited secretion of IFN-c by trophoblasts.

Moreover, the ratio of IL-10/IFN-c was much higher in the other

coculture, especially in coculture of all three components compared

to the corresponding single cell type. All these observations suggest

that the interaction between trophoblasts, DSCs and DICs upregu-

lates Th2 bias at the maternal/fetal interface.

Reciprocal modulation of functional cells in cytokine production at

the maternal/fetal interface

To define the individual contributions of functional cells to the Th2

bias at the maternal/fetal interface, intracellular cytokine production

was analyzed by FCM. CK-7 and vimentin were used as markers of

trophoblasts and DSCs, respectively, and CD45 was used as marker of

decidual leukocytes. It was found in Figure 3 and Supplementary

Figure 2 that the coculture of trophoblast cells with DICs significantly

increased the production of IL-10 in trophoblast cells, and increased

the production of the Th1-type cytokines TNF-a and IFN-c in DICs.

The production of the Th2-type cytokine IL-10 was increased in DSCs

when cocultured with trophoblast cells. Although an upregulation

of the Th2-type cytokines IL-4 and IL-10 in trophoblast cells was

also observed, DSCs did not alter Th1-type cytokine production in

Figure 2 Th2 bias results from the interaction among trophoblasts, DSCs and DICs at the maternal/fetal interface. (a) Cytokine secretion in individual cultures or

cocultures of primary trophoblasts, DSCs and DICs. Primary human trophoblasts, DSCs or DICs were cultured in six-well plates for 48 h. Before harvest, the cells were

treated with PMA and ionomycin for 4 h. The supernatants were harvested, centrifuged and subjected to the Bioplex assay. Cytokine secretion from the indicated cells

is shown, and the results summarize the findings of four independent experiments with 27 villi and four decidua. Data represent the mean6s.e. of four experiments

performed in triplicate wells with four different samples. (b) The ratios of Th2/Th1-type cytokines in different coculture systems were obtained from the mean values in

(a). DIC, decidual immune cell; DSC, decidual stromal cell; PMA, phorbol myristate acetate; s.e., standard error.
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trophoblast cells. Moreover, the addition of DSCs into coculture of

trophoblast cells and DICs significantly increased IL-10 production

in trophoblast cells. In contrast, the coculture of DSCs with DICs

affected neither Th1 nor Th2 cytokine production in DSCs, but

increased TNF-a production in DICs. Interestingly, the production

of IL-10 and IFN-c increased significantly in DSCs when cocul-

tured with trophoblasts and DICs. Increased TNF-a expression in

DICs was also observed in coculture containing all the three cell

types.

CXCL12/CXCR4 axis is involved in Th2 bias at the

maternal/fetal interface

Our previous study has demonstrated that the CXCL12/CXCR4 axis

plays an important role in the cross-talk between trophoblasts,

DSCs and DICs.23–26 In the present study, we investigated how this

axis was involved in the development of the Th2 bias at the mater-

nal/fetal interface. As shown in Figure 4a, treatment with anti-

CXCR4 antibody significantly inhibited IL-4 and IL-10 secretion

in all cultures, especially in coculture of two or three cell types.

Furthermore, the treatment significantly increased the secretion of

Th1-type cytokines, such as IFN-c and TNF-a, in the coculture of

all the three types of cells, but not in the culture of a single cell type,

or in the coculture of two cell types. FCM analysis of intracellular

cytokine production (Figure 4b) demonstrated a decrease of IL-4

expression in trophoblasts and DICs after treatment with anti-

CXCR4 antibody. A decrease of IL-10 expression in trophoblasts

and DSCs in different cultures was also observed after this treat-

ment. In contrast, treatment with anti-CXCR4 antibody signifi-

cantly increased IFN-c and TNF-a production in trophoblasts

and DSCs, but not in DICs.

CXCL12 promotes Th2 bias at the maternal/fetal interface

Because CXCL12 is secreted by trophoblasts, secreted at lower levels by

DSCs and minimally secreted by DICs (Figure 5a), we further evalu-

ated the effect of exogenous CXCL12 on Th1- and Th2-type cytokine

production in DICs. As shown in Figure 5b, human recombinant

CXCL12 alone increased Th2-type IL-4 and IL-10 production while

decreasing Th1-type TNF-a expression in DIC cells. Pre-treatment

with anti-CXCR4 antibody eliminated the effect of CXCL12 on

the cytokine production in DICs. Together, our data suggest that

CXCL12/CXCR4 axis is involved in the development of Th2 bias at

the maternal/fetal interface.

DISCUSSION

In the present study, we have shown that coculture of two or three of

these cell types results in increased secretion of both pro-inflammatory

Th1-type and anti-inflammatory Th2-type cytokines. Interestingly,

increased Th1 cytokine production was mainly from the maternally

originated DICs and DSCs, whereas Th2 cytokine production was

from trophoblasts and DSCs. The net increase in the coculture brings

about Th2 bias, especially in the coculture of all three cell types.

Unexpectedly, the highest levels of Th2-type cytokines IL-4 and IL-

10 were seen whenever DICs were present in the culture, suggesting

that DICs are required for the production of these Th2-type cytokines

in trophoblasts and DSCs. Our data also indicate that maternal

immune cells attempt to attack allogeneic fetal placental trophoblasts

by producing the Th1-type cytokine TNF-a, while trophoblasts intend

to defend themselves by producing the Th2-type cytokines IL-4 and IL-

10, and that DSCs play an intermediary role in reconciling the rela-

tionship between trophoblasts and DICs and creating a harmonious

Th2-type cytokine microenvironment. This conclusion differs slightly
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from that of other reports in which trophoblasts were believed to pro-

mote Th2 polarization.22,25 The explanation for this discrepancy might

be that others treated peripheral T cells rather than decidual T cells with

trophoblast-cultured supernatant, rather than direct coculture with the

trophoblast. Our unpublished data show similar effects of trophoblasts

and DSCs on peripheral immune cells.

During pregnancy, the uterine mucosa is characterized by a large

number of maternal immune cells. These immune cells are found

Figure 4 The CXCL12/CXCR4 signal is involved in the development of Th2 bias at the maternal/fetal interface. Primary human trophoblasts, DSCs and DICs were

seeded in six-well plates for 48 h. In the coculture system, the ratio of trophoblasts/DSCs/DICs was 1:1:1. A neutralizing antibody against CXCR4, or the isotype control

antibody (20 mg/ml) were added in some wells. Before harvest, the cells were treated with PMA, ionomycin or brefeldin A for 4 h. The secretion (a) and intracellular

expression (b) of cytokines were determined by Bioplex and flow cytometry, respectively. (a) The effect of CXCL12/CXCR4 on the secretion of Th1- and Th2-type

cytokines at the maternal/fetal interface. (b) The effect of CXCL12/CXCR4 on the intracellular expression of Th1- and Th2-type cytokines in three types of cells at the

maternal/fetal interface. The findings of four independent experiments are summarized with 35 villi and four deciduas. Data represent the mean6s.e. of four

experiments performed in triplicate wells with four different samples. *P,0.05, compared to the isotype antibody-treated corresponding cells. aCXCR4 indicates

pre-treatment with 20 mg/ml of neutralizing antibody against CXCR4. DIC, decidual immune cell; DSC, decidual stromal cell; PMA, phorbol myristate acetate; s.e.,

standard error; Tro, primary human trophoblasts.
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in close contact with embryo-derived trophoblast cells. From an

immunological perspective, a successful pregnancy is paradoxical,

because interactions between maternal immune cells and fetal tropho-

blasts which express paternally inherited alloantigens, should provoke

maternal immune responses that attack fetal antigens. Interestingly,

depletion of immune cells, instead of helping the pregnancy, results in

termination of pregnancy.1 Therefore, there appears to be a complex

but compatible and harmonious dialogue among the multiple cell

types at the maternal/fetal interface modulated by some regulatory

factors to support a successful pregnancy.

Cytokines are an array of regulatory factors that are secreted by a

large number of immune and non-immune cells, and are involved

extensively in intercellular communication. It is widely recognized

that cytokines play a fundamental role at the maternal/fetal interface

in early human pregnancy, and that cytokine dysregulation must be

linked to pregnancy wastage.2–5,26 For many years, it has been believed

that the predominance of Th2-type cytokines, such as IL-4 and IL-10,

over Th1-type cytokines, such as IFN-c and TNF-a, at the maternal/

fetal interface was fundamental for a successful pregnancy.2–4

However, the potential mechanism of development of Th2 bias at

the maternal/fetal interface remains unclear.

DSC is another important cell type at the maternal/fetal interface,

which originates from the proliferation and differentiation of fibro-

blast-like stromal cell precursors in the endometrium and is the major

cellular component of human decidua.27 DSCs are involved in a series

of immune regulatory processes, such as the production of cytokines

as well as antigen phagocytosis and presentation,28–30 indicating that

DSCs might be an important regulator on Th2 bias at the maternal/

fetal interface.

As the critical component in human placenta, embryo-derived tro-

phoblasts may also play an important role in shaping the Th2 bias at

the maternal/fetal interface.31,32 Pregnancy wastage is accompanied by

downregulation of both pro- and anti-inflammatory cytokines in tro-

phoblasts.33 Trophoblasts can produce cytokines such as IL-10 and

TNF-a,32 and cytokine gene polymorphism in the promoter regions of

TNF-a and IL-10 is associated with recurrent pregnancy loss.34

Chemokines play well-established roles as attractants of naive

and effector T cells. Different chemokine receptors are preferentially

expressed on Th1 cells or Th2 cells, which is dependent on the genetic

programs activated by STAT4 and STAT6.35 Our current study has

demonstrated that rhCXCL12 can promote the production of Th2

cytokines while inhibiting Th1 cytokine production from DICs, and

that an anti-CXCR4 antibody can reverse the effect of CXCL12 on

cytokine production in DICs. Furthermore, Th1-type cytokines can

be upregulated, while Th2-type cytokines can be downregulated by the

anti-CXCR4 antibody in immune and non-immune cells at the mater-

nal/fetal interface. These results suggest that the CXCL12/CXCR4 axis

is involved in the regulation of Th1/2-type cytokine production and

the development of the Th2 bias at the maternal/fetal interface. Our

data also show that the effect of anti-CXCR4 or rhCXCL12 is not

dramatic which suggest that they may not explain the whole pheno-

type and that other mediators play important roles in the dialogue of

different types of cells and Th2 bias at the maternal/fetal interface.

How the chemokine CXCL12/CXCR4 signal regulates the cross-talk

among trophoblasts, DSCs and DICs, and the production of their

cytokines will be determined in future studies.

In summary, we have demonstrated that fetal trophoblast cells and

maternal DSCs and DICs produce various cytokines. In vitro coculture

of these cell types results in the production of both Th1-type and Th2-

type cytokines in the supernatant, but Th2-type cytokines predom-

inate over Th1-type cytokines. FCM analysis uncovered the respective

contributions of functional cells to the shaping of the Th2 bias at the

maternal/fetal interface. Blockade of the CXCL12/CXCR4 signal

switches the Th2 to a Th1 bias in the coculture while rhCXCL12

enhances Th2 and reduces Th1 cytokine expression in DICs. Our study

sheds light on the complicated interaction among functional cells

through the CXCL12/CXCR4 signal, which mediates a Th2 bias at

the maternal/fetal interface. Combined with the observation that

decreased Th2 cytokine production and CXCL12/CXCR4 expression

are observed in the decidua and villi from miscarriage (unpublished

data), the current study deepens our understanding of the mechan-

isms of Th2 bias at the maternal/fetal interface. It can also be
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Figure 5 CXCL12 promotes Th2-type and inhibits Th1-type cytokine production in DICs in early human pregnancy. (a) Primary human trophoblasts, DSCs and DICs

were cultured in six-well plates for 48 h. Before harvest, the cells were treated with PMA and ionomycin for 4 h. The supernatants were harvested, centrifuged and then

subjected to Bioplex assay. The findings of four independent experiments are summarized with 12 villi and four deciduas. Data represent the mean6s.e. of four

experiments performed in triplicate wells with four different samples. (b) Primary human DICs were seeded in six-well plates for 48 h. rhCXCL12 (200 ng/ml) and/or

neutralizing antibody against CXCR4 (20 mg/ml) were added in some wells. Before harvest, the cells were treated with PMA and ionomycin for 4 h. The secretion of

cytokines was determined by the Bioplex assay. The findings of four independent experiments are summarized with 20 villi and four deciduas. Data represent the

mean6s.e. of four experiments performed in triplicate wells with four different samples. *P,0.05, compared to the corresponding isotype antibody-treated cells.
DP,0.05, compared to rhCXCL12-treated DICs. rhCXCL12: treatment with 200 ng/ml of recombinant human CXCL12. aCXCR4 indicates pretreatment with 20 mg/ml

of neutralizing antibody against CXCR4. DIC, decidual immune cell; DSC, decidual stromal cell; PMA, phorbol myristate acetate; s.e., standard error.
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speculated that dysregulation of CXCL12/CXCR4 expression during

pregnancy might result in detrimental effects on the outcome of

pregnancy.

It is worth noticing that FACS (fluorescence activated cell sorting)

staining of cells has a lot of intrinsic problems to be correlated with

Bioplex or ELISA results. For example, percentage of positive cells may

not correlate with final production of the cytokines because a few

positive cells may account of the production of most of the cytokines

in the supernatant. In addition, the definition of positive or negative in

FACS results is very arbitrary. The quantification and comparison

between different treatments are relative. In deed, results in Figure 1a

showed significant difference with those in Figure 1b. Thinking of

these reasons, we will sort each cell population and use ELISA to

accurately measure the cytokine production in the cell extract in a

future study.
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