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Decidual stromal cells recruit Th17 cells into decidua to
promote proliferation and invasion of human trophoblast
cells by secreting IL-17

Hai-Xia Wu1,2, Li-Ping Jin1, Bing Xu1, Shan-Shan Liang1 and Da-Jin Li1,3

T helper 17 (Th17) cells have both regulatory and protective roles in physiological conditions. The Th17 subset and the

cytokine interleukin-17A (IL-17A) have been implicated in the pathogenesis of certain autoimmune diseases, several types

of cancer and allograft rejection. However, the role of Th17 cells at the maternal/fetal interface remains unknown. Here, we

demonstrate that Th17 cells are present in decidua and are increased in the peripheral blood of 10 clinically normal

pregnancies based on intracellular cytokine analysis. Our results suggest a potential role of Th17 cells in sustaining

pregnancy in humans. Furthermore, we demonstrate that decidual stromal cells (DSCs) but not trophoblast cells recruit

peripheral Th17 cells into the decidua by secreting CCL2. The recruited Th17 cells promote proliferation and invasion and

inhibit the apoptosis of human trophoblast cells by secreting IL-17 during the first trimester of pregnancy. These findings

indicate a novel role for Th17 cells in controlling the maternal–fetal relationship and placenta development.
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INTRODUCTION

The maternal deciduas and the extravillious trophoblast cells

have intimate contact at the maternal/fetal interface. It is well

established that leukocytes begin migrating into the maternal

endometrium during the luteal phase and increase gradually

following pregnancy.1,2 Recent data from both mice and

humans have demonstrated that the maternal/fetal interface

exhibits a TH2 bias during pregnancy.3 A failure to establish

such an immune milieu or exhibiting a TH1 bias, such as the

overexpression of interferon (IFN)-c or tumor-necrosis factor-

a, is associated with recurrent spontaneous abortion in

humans.4,5 It also has been proven that regulatory T (Treg)

cells increase during the first and second trimesters and peak

in the second trimester in human decidua and peripheral

blood.6 These changes at the beginning of pregnancy suggest

that T cells may play an important role in the establishment of

fetal tolerance during early pregnancy.

Interleukin 17 (IL-17)-producing T cells, termed T helper 17

(Th17) cells, have been characterized as a distinct lineage of

CD41 T cells in mice and differentiate from naive T-cell pre-

cursors by the polarizing cytokines transforming growth fac-

tor-b and IL-6, under the control of the transcription factors

RORct and RORa.7–9 As a key cytokine produced by Th17 cells,

IL-17 and other cytokines are involved in certain inflammatory

and autoimmune diseases, including acute coronary syn-

drome,10 multiple sclerosis,11 inflammatory bowel diseases12

and psoriasis.13 However, Th17 cells might also have regulatory

and protective roles in the gut and liver.14,15 In addition, IL-17

has been shown to induce the proliferation of human bone

marrow-derived mesenchymal stem cells16 and promotes the

invasion of JEG-3 human choriocarcinoma cells.17 These

results suggest that Th17 cells may be involved in the develop-

ment of placental trophoblasts. Although IL-17-producing T

cells have been found in healthy human peripheral blood

mononuclear cell (PBMC)18 and at the healthy human mater-

nal/fetal interface,19 it is unclear whether Th17 cells play a

regulatory role in human trophoblast behavior. This study

was conducted to clarify how Th17 cells are recruited into
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decidua and whether Th17 cells play a beneficial role in human

early pregnancy.

MATERIALS AND METHODS

Human subjects

The first-trimester human villous and decidual tissues were

obtained from 10 clinically normal pregnancies (age: 28.3062.4

years, gestational age: 8.561.3 weeks) that were terminated for

non-medical reasons. We also collected peripheral blood from 10

first, secondary and third trimester pregnancies. As a control, we

obtained whole-blood and endometrium from 10 healthy non-

pregnant women of secretory phase from the Obstetrics and

Gynecology Hospital of Fudan University. Prior to initiating

the study, written informed consent was obtained from every

subject.

Isolation and primary culture of human decidual stromal

cells (DSCs)

Decidual tissues were carefully dissected and incubated with

RPMI 1640 containing 1.0 mg/ml collagenase type IV (CLS-

1; Worthington Biomedical, USA) and 1% fetal bovine

serum (FBS; Gibco, USA) at 37 uC for 90 min with regular

gentle shaking. The cells were then passed through a 32-mm

sterile stainless steel mesh to remove any non-digested tissue.

The cell suspension was carefully layered over a discontinu-

ous Percoll gradient and then centrifuged. The upper layer

(density of 1.042–1.062 g/ml) was recovered and washed

with RPMI 1640, and the isolated cells were cultured in

5% CO2 at 37 uC for 30 min to remove the macrophage

and fibroblasts. The non-adherent cells were recovered and

cultured in Dulbecco’s Modified Eagle Medium (DMEM)-

F12 containing 2 mM L-glutamine, penicillin (100 IU/ml)

and streptomycin (100 mg/ml) supplemented with 10% FBS.

After two passages, the purity of DSCs was characterized and

was determined to be more than 99%.

Primary culture of the first-trimester human trophoblast

cells and coculture of human trophoblast cells and DSCs

The trophoblast cells were isolated from the first-trimester pla-

centas as described previously.20 Briefly, the obtained placenta

tissue was digested and gently agitated with 0.25% trypsin and

1500 IU/ml DNase type I (AppliChem GmbH, Germany) at

37 uC for 10 min. The filtrated cell suspensions were carefully

layered on a discontinuous Percoll gradient (65%–20%, in 5%

step) and centrifuged. The cells between densities of 1.042–

1.068 g/m were collected and washed in DMEM-high glucose

medium. These cells were adjusted to a density of 13106 cells/

ml and maintained in DMEM-high glucose complete medium

(2 mM glutamine, 25 Mm HEPES, 100 U/ml penicillin and

100 mg/ml streptomycin), supplemented with 20% FBS and

incubated in 5% CO2 at 37 uC. The purity of trophoblast cells

was characterized and was found to be more than 95%. The

DSCs were cultured (13105 cells/ml) for 12 h and then directly

cocultured with the isolated trophoblasts (13105 cells/ml) for

24 h.

Isolation of CD41 T cells

The decidual mononuclear cells at density of 1.062–1.077 g/ml

were recovered and washed with RPMI 1640; they were then

plated into flasks in RPMI 1640 containing 2 mM L-glutamine,

penicillin (100 IU/ml) and streptomycin (100 mg/ml) supple-

mented with 10% FBS and incubated in 5% CO2 at 37 uC for 2 h.

The suspended cells were mainly composed of T and NK cells.

PBMC were isolated by Ficoll-Hypaque density gradient cent-

rifugation. Decidual and peripheral CD41 T cells were sorted

by magnetic affinity cell sorting using the CD41 bead kit

(Miltenyi Biotec, Germany) according to the manufacturer’s

instructions. The sorted CD41 T cells were investigated by flow

cytometry, and the purity was .90% (data not shown).

Th17 cells differentiation and culture

Decidual CD41 T cells were isolated using the CD4 multisort

kit (Miltenyi Biotec) according to the manufacturer’s instruc-

tions. The CD45RA1 T cells were sorted from the CD41 T cells

by CD45RA expression with a CD45RA bead kit (Miltenyi

Biotec). CD41CD45RA1 naive T cells were isolated at more

than 90% purity (data not shown). The naı̈ve CD4 cells (43104

cells/200 ml/well) were primed with plate-bound CD3-specific

antibody (10 mg/ml) and CD28-sepcific antibody (5 mg/ml) in

U-bottomed 96-well plates under Th17-polarizing conditions

(with 10 ng/ml IL-1b, 50 ng/ml IL-6, 10 mg/ml anti-IFN-c
antibody and 10 mg/ml anti-IL-4 antibody). After 6 days of

culture, the differentiated Th17 cells were collected and washed

twice to remove soluble molecules. The cells were restimulated

(53105 cells/ml/well) for 48 h with plate-bound anti-CD3

(10 mg/ml) and soluble anti-CD28 (2 ng/ml) before the culture

supernatant was collected.

Intracellular cytokine analysis

CD41 T cells or PBMCs were adjusted to 13106 cells/ml and

stimulated for 5 h with PMA (25 ng/ml; Sigma, USA) and iono-

mycin (1 mg/ml; Sigma) in the presence of Golgistop brefeldin A

(10 mg/ml; Sigma). Standard intracellular cytokine staining was

performed as previously described.21 The cells were first stained

with FITC-conjugated monoclonal antibody against human

CD4, cdTCR, CCR7, CD161 and PE-CY5-conjugated anti-

human CD45RO, abTCR or PE-CY7-conjugated anti-human

CCR6. The cells were then fixed and permeabilized with Fix &

Perm solution (CALTAG Laboratories, USA) and were stained

intracellularly with PE-conjugated anti-human IL-17A. The sam-

ple data were acquired using a FACS Calibur (BD, USA), and the

data were analyzed using the CellQuestPro software (BD).

Immunocytochemistry

After 48 h of culture, trophoblasts, DSCs and cocultured tro-

phoblasts and DSCs were fixed in 4% paraformaldehyde for

20 min at room temperature. The cells were then washed in

phosphate buffer saline and permeabilized for 10 min in 0.5%

Triton X-100-phosphate buffer saline. The cells were blocked

with 3% H2O2 and incubated with 10% bovine serum. The cells

were then incubated with anti-human cytokeratin-7 monoclo-

nal antibody (Santa Cruz Biotechnology, USA), anti-human
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HLA-G monoclonal antibody (Affinity BioReagents, USA),

anti-human vimentin monoclonal antibody (Santa Cruz

Biotechnology, USA), anti-human IL-17R monoclonal anti-

body (R&D, USA) or anti-human CCL20 polyclonal antibody

(Abcam, United Kingdom) overnight at 4 uC. The stained cells

were then incubated with appropriate horseradish peroxidase-

labeled secondary antibody for 30 min at room temperature.

The slides were stained with 3,39-diaminobenzidine and coun-

terstained with hematoxylin. The experiments were repeated

five times. For the double staining of the cocultured tropho-

blast cells and DSCs, the slides were incubated with anti-human

HLA-G overnight (brown) at 4 uC, followed by anti-vimentin

staining (purple).

Immunohistochemistry

The villous and decidual tissues were fixed with 10% neutral

formalin for 6 h at room temperature, embedded in paraffin

and sectioned at a thickness of 4 mm. The sections were depar-

affinized in xylene and then rehydrated in a series of ethanol

incubations. Antigen retrieval was performed by heat treat-

ment and the slides were then blocked with methanol contain-

ing 3% H2O2, followed by 10% bovine serum. The slides were

then incubated with anti-IL-17R antibody or anti-CCL20 anti-

body overnight at 4 uC. The sections were treated with horse-

radish peroxidase-labeled secondary antibody and stained with

3,39-diaminobenzidine before counterstaining with hematox-

ylin. The immunohistochemical results were evaluated by a

pathologist. The experiments were repeated five times.

ELISA

The secreted CCL2 and CCL20 levels in the supernatants were

quantified using the Quantikine ELISA kit according to the

manufacturer’s protocol (Duoset; R&D Systems, USA). In this

study, the minimum detection limits for CCL2 and CCL20 in

the supernatants were 8 pg/ml.

Th17 cells chemotaxis

The chemotaxis lower chambers were filled with 800 ml super-

natants from trophoblasts, DSCs or their coculture, or super-

natants from DSC with or without neutralizing antibody to

CCL20 or CCL2. The freshly isolated peripheral blood CD41

T cells were adjusted to 13107 cells/ml and 100 ml of these cell

suspensions was placed in the upper chamber of a 0.6 mm

transwell plate. The cultures were incubated at 37 uC for 4 h.

The cells were collected from the lower chamber, and the num-

bers of Th17 cells were analyzed by intracellular cytokine

assays. The results were expressed as the ratio of the migrated

Th17 cells to the input Th17 cells.

Matrigel invasion assay

The Matrigel invasion assay was performed as previously

described (Saito et al., 2002). We used transwell plates

(6.5 mm in diameter) (Corning, Corning, NY, USA) contain-

ing polycarbonate filters with a pore size of 8.0 mm. The upper

surface of the filter was coated with 10 ml Matrigel and dried

aseptically. Before use, the Matrigel was rehydrated with 100 ml

warm DMEM for 2 h. The isolated trophoblast cells (13105 in

200 ml DMEM with 1% FBS) were seeded in the upper chamber.

rhIL-17A at final concentrations of 0, 5, 10, 50, 100 and 200 ng/

ml or Th17 cell supernatants with or without neutralizing anti-

body to IL-17A (5 mg/ml) were added. The lower chamber was

filled with 800 ml DMEM with 1% FBS. The cells were allowed

to invade for 48 h in 5% CO2 at 37 uC. The attached upper

surface cells were removed. The remaining cells on the lower

surface were fixed in methanol for 10 min at room temperature

and stained with hematoxylin. The cells that had migrated to

the lower surface were counted under a light microscope in five

fields at a magnification of 3200. The assay was repeated three

times. The results are expressed as the ratio of the mean number

of invasive cells with treatment relative to the controls.

Cell proliferation assay

5-bromodeoxyuridine (BrdU) incorporation was used to mea-

sure the effects of rhIL-17A and the Th17 supernatants on

trophoblast proliferation with or without neutralizing IL-17A

antibody. The isolated trophoblast cells were resuspended in

DMEM with 20% FBS and seeded at a density of 43104 cells/

200 ml/well in a 96-well flat-bottom plate that had been pre-

coated with collagen type IV (Sigma). After 24 h of culture, the

cells were treated with DMEM containing 1% FBS for 12 h. The

recovered cells were treated with recombinant human IL-17A (1,

10, 50, 200, 400 ng/ml) or supernatants from Th17 cells with or

without neutralizing IL-17A antibody (10 mg/ml) at 37 uC for

48 h. After 24 h of culture, BrdU was added to each well for 24 h.

The proliferation of trophoblast cells was analyzed using a BrdU

cell proliferation kit (Chemicon, USA). Briefly, the cells were

fixed and incubated with anti-BrdU monoclonal antibody for

1 h at room temperature and then incubated with horseradish

peroxidase-labeled goat anti-mouse IgG for 30 min at room tem-

perature. The peroxidase substrate 3,39,5,59-tetramethylbenzidine

was added for 30 min. The color reaction was stopped by the

addition of acid stop solution. The plated cells were analyzed

immediately using a spectrophotometer microplate reader at

dual wavelengths of 450 and 595 nm. The results are expressed

as the ratio of the optical density of cells with treatment to that

without treatment. The experiment was repeated three times.

Apoptosis assay

The isolated trophoblast cells were resuspended in DMEM with

20% FBS and seeded at a density of 13105 cells/500 ml/well in a

24-well plate that had been pre-coated with collagen type IV

(Sigma). After 24 h of culture, the cells were then treated with

DMEM containing 1% FBS for 12 h. The cells were removed

and treated with recombinant human IL-17A (50 ng/ml) or

supernatants from Th17 cells with or without neutralizing

IL-17A antibody (10 mg/ml) at 37 uC for 48 h. After 48 h of

culture, the apoptosis of trophoblast cells was analyzed by using

an Annexin V/PI cell apoptosis kit (Invitrogen, USA).

Statistical analysis

Statistical analysis was performed using the SPSS statistical

software package (SPSS 11.5; SPSS Inc., Chicago, IL, USA).
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Statistical evaluations of the Th17 cell percentage and cell

proliferation were performed using one-way analysis of vari-

ance. All error bars in the figures indicate standard error of the

mean (s.e.m.). A value of Pf0.05 was considered statistically

significant.

RESULTS

The increased Th17 cells are effector memory T cells in decidua

and peripheral blood in human first-trimester pregnancy

We confirmed that the Th17 cells were present in healthy

PBMC of non-pregnant and pregnant women. The percentage

of Th17 cells was significantly higher in the first-trimester preg-

nancy than in the controls (1.68%60.44% vs. 0.61%60.14%,

P50.036). The levels of Th17 cells gradually decreased during

the second and third trimesters (1.35%60.57% and 0.86%6

0.59%). The levels of Th17 cells in the third trimester were

similar to those of the controls (Figure 1a).

We found that Th17 cells were significantly elevated in the

first-trimester decidua compared to the endometrium of the

secretory phase (2.84%60.57% vs. 1.53%60.50%, P50.025,

Figure 1b). We also found that the relative numbers of Th17

cells were markedly increased in the decidua compared to the

peripheral blood (P50.043, Figure 1c).

We then investigated the surface phenotype of both

peripheral and decidual Th17 cells and found that decidual

Th17 cells were abTCR1CD45RO1CCR72CD1611 T cells

(Figure 1b and c). Only a fraction of the peripheral Th17 cells

(53.4%61.2%) expressed CD161, which was different from the

decidual Th17 cells (Figure 1a and c). However, both peri-

pheral and decidual Th17 cells were effector memory T cells.
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Figure 1 Th17 cells are increased in human pregnancy. The percentages of IL-17-expressing CD41 T cells were analyzed by intracellular cytokine
assays. The results were gated on CD4 and MACS-sorted peripheral blood and decidual CD41 T cells were stimulated with PMA, ionomycin and
BFA for 4 hours. The surface marker of Th17 cells were analyzed by FACS. (a) The proportion of Th17 cells in PBMC during human pregnancy is
compared with that in non-pregnancy (n510, left); the phenotype of first-trimester human peripheral blood Th17 cells (right). (b) The proportion of
Th17 cells in human first-trimester decidua is compared with non-pregnant endometrium of secretory phase (n510, left); the phenotype of first-
trimester human decidual Th17 cells (right). (c) Comparison of CD161 on Th17 cells between PBMC and deciduae. (d) Comparison of Th17 cells
between PBMC and decidua in first-trimester human pregnancy. Error bars indicate the s.e.m. The FACS picture represents an individual sample.
BFA, brefeldin A; FACS, Fluorescence-activated cell sorting; MACS, magnetic affinity cell sorting; PBMC, peripheral blood mononuclear cell; PMA,
phorbol myristate acetate; s.e.m., standard error of the mean; Th17, T helper 17.

Roles of Th17 at the human maternal/fetal interface

HX Wu et al

256

Cellular & Molecular Immunology



DSCs recruit peripheral Th17 cells into decidua via secreting

CCL2

We established a coculture of trophoblast and DSCs

(Supplementary Figure 1). The freshly isolated peripheral

CD41 T cells were chemotactic upon exposure to supernatants

from trophoblasts, DSCs or the coculture of trophoblasts with

DSCs using a chemotaxis assay. We found that DSC supernat-

ant caused a 2.7-fold increase in the number of the recruited

Th17 cells and that supernatants from the coculture of DSCs

and trophoblasts induced a 1.8-fold increase compared to the

control. However, trophoblast supernatant had no effect on the

migration of Th17 cells. Our data show that DSCs other than

trophoblasts recruit peripheral Th17 cells into decidua

(P50.0001, Figure 2a).

Immunohistochemistry and ELISA results demonstrated

that DSCs express and secrete the CCR6 ligand CCL20

(0.1360.007 and 36.661.2, Figure 2b). Our data indicate that

DSCs released higher levels of CCL2 compared to CCL20

(811.1626.5 vs. 36.661.2, P50.001, Figure 2b). We compared

the effect of DSC supernatants with or without neutralizing

antibody to the effect of CCL20 or CCL2 on the migration of

Th17 cells. Our data show that anti-CCL2 neutralizing anti-

body abolished the migration of Th17 cells induced by DSC

supernatants (0.660.08 vs. 1.5660.39, P50.035). However,

there was no significant difference in the Th17 cell migration

induced by DSC supernatants with an anti-CCL20 neutralizing

antibody compared to DSC supernatants without an anti-

CCL20 neutralizing antibody (0.8960.16 vs. 1.5660.39,

P50.056, Figure 2c).

Th17 cells promote invasion of human first-trimester

trophoblasts by secreting IL-17

We found that trophoblasts (including villous cytotrophoblast

and extravillous cytotrophoblasts) and DSCs express IL-17

receptor. Additionally, extravillous cytotrophoblasts expressed

higher levels of IL-17 receptor than did DSCs (Figure 3a),

which suggests that Th17 cells may affect the functions of tro-

phoblasts. We investigated the invasion of trophoblasts after

treatment with supernatants from the activated Th17 cells

by Matrigel invasion assay. The results indicate that Th17

103

102

IL
-1

7

101

104

1.17% 0.21% 1.33% 0.11% 3.71% 0.21%

5.28%

2.61% 0.39%

1

3
2.5

2
1.5Th

17
 le

ve
l

3.5
p=0.003

p=0.000
p=0.000

p=0.000

p=0.035

p=0.003

0.5

1

2.5
2

1.5

Th
17

 le
ve

l

0.5
0

DSC Sup + + +
- + -
- - +

anti-CCL20
anti-CCL2

5.01%2.21%

Mediuma

b

c

Tro Sup DSC Sup Tro-DSC Sup

4.52%

103102101 104

FOXP3

Isotype

Vi
lli

D
ec

id
ua

E
nd

om
et

riu
m

VCT EVCT
CCL20

100
100

103

102

101

104

103102101 104
100

100

103

102

101

104

103102

24h 48h 72h

101 104
100

800

C
on

ce
nt

ra
tio

n(
pg

/m
l)

700
600
500
400
300
200
100

900 CCL2
CCL20

CCL2 CCL20

0

800

C
on

ce
nt

ra
tio

n(
pg

/m
l)

700
600
500
400
300
200
100

900

0

100

103

102

101

104

103102101 104 Control Tro Sup DSC SupTro-DSC Sup100
100

Figure 2 DSCs recruit peripheral Th17 cells into decidua via secreting CCL2. (a) One case of chemotaxis for Th17 cells (left); fold increase in Th17
cells after treatment with different supernatants (right). (b) Specific brown-colored staining for CCL20 occurs in the membrane of villous cyto-
trophoblasts, syncytiotrophoblasts and invasive trophoblast cells in decidua. DSCs also express CCL20 moderately; glandular epithelium and ESCs
of endometrium are weakly positive for CCL20. No background staining was observed in the isotype control. These results were highly reproducible
in five independent experiments (including five placental samples), and the picture represents one sample (3200, left). Accumulated concen-
tration of CCL2 and CCL20 in supernatants of primary DSCs was examined by ELISA (right upper). The level of CCL2 was higher than CCL20 from
primary DSCs after 72 h of culture (right lower). (c) Fold change in Th17 cells after treatment with DSC supernatant with or without neutralizing
antibody to CCL20 or CCL2. *P,0.05, **P,0.01; error bars: s.e.m. DSC, decidual stromal cell; ESC, endometrial stromal cell; DSC sup, DSCs
supernatant; s.e.m., standard error of the mean; Th17, T helper 17; Tro-DSC sup, supernatant from the coculture of trophoblasts with DSCs; Tro.
sup, trophoblasts supernatant.

Roles of Th17 at the human maternal/fetal interface

HX Wu et al

257

Cellular & Molecular Immunology



cell-derived supernatants promote trophoblast invasion and

that anti-IL-17 neutralizing antibody abolishes the Th17 cell-

induced trophoblast invasion increase (1.7460.15 vs. 1.096

0.49, P50.001, Figure 3b). Moreover, rhIL-17 also promotes

trophoblast invasion in a dose-dependent manner (Figure 3c).

Th17 cells promote growth of human first-trimester

trophoblasts by secreting IL-17

We found that the Th17 cell supernatants promoted tropho-

blast proliferation and that anti-IL-17 neutralizing antibody

abolished the Th17 cell-induced trophoblast proliferation

(101.860.27 vs. 99.0860.39, P50.0003, Figure 4a). Moreover,

rhIL-17 also promoted trophoblast proliferation in a dose-

dependent manner (Figure 4b). There was no significant differ-

ence in trophoblast proliferation between treatment with the

rhIL-17 and the Th17 cell-derived supernatants (101.5461.47

vs. 101.860.27, P50.063, Figure 4c).

After treatment with rhIL-17 (50 ng/ml), the percentage of

apoptotic trophoblasts decreased to 1.94%60.12% compared

to the control (2.23%60.15%, P50.066, Figure 4d). The per-

centage of apoptotic trophoblast decreased to 1.88%60.42%

when treated with supernatants from the activated Th17 cells.
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The anti-IL-17 neutralizing antibody inhibited the Th17 cell-

induced anti-apoptotic action on trophoblasts (Figure 4e).

DISCUSSION

Here, we demonstrated that Th17 cells are present in human

first-trimester decidua and peripheral blood. The prevalence of

Th17 cells in decidual tissue suggests that Th17 cells are involved

in sustaining normal pregnancy in humans. The change in Th17

cells is similar to that observed in natural Treg cells during human

pregnancy,6,22,23 and there is a reciprocal interaction between

Treg cells and Th17 cells.9 Therefore, we hypothesized that

Th17 cells may act in concert with Treg cells to maintain mater-

nal–fetal tolerance. Th17 cells impair Th1 response in the gut,15

and whether Th17 cells impair Th1 response in coordination with

Treg cells at the maternal/fetal interface remains to be elucidated.

Recent data show the Th17 prevalence is similar in healthy preg-

nancy to healthy non-pregnant controls.24 The difference from

our study is the previous data focused on the second and third

trimesters, while our studies examined the first trimester.

It is well known that chemokines and their receptors act

together with adhesion molecules to control the migration of

lymphocytes to lymphoid and non-lymphoid tissues. For

example, CCR9 selectively attracts specific subsets of gut-hom-

ing lymphocytes, whereas CCR4 and CCR10 direct skin-

trophic T-cell trafficking.25 Similar selective mechanisms that

targets NK cells to the decidua have also been demonstrated.26

It has been reported that Th17 cells are characterized by the

combined expression of CCR4 and CCR627 or by the express-

ion of CCR2 and lack of CCR5.28 CCR6 is essential for the

migration of Th17 cells.29,30 Human placental cells express a

series of functional chemokines,31 and we speculate that pla-

cental cells may attract peripheral Th17 cells into decidua. It

has been demonstrated that DSCs other than trophoblasts

recruit peripheral Th17 cell into decidua. We also verify that

the CCR2–CCL2 axis in the decidua has an important role in

migration of Th17 cells into maternal/fetal interface. However,

the CCR6–CCL20 axis has little effect on the recruitment of

Th17 cells. Our results are different from data reported in other
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Figure 4 Th17 cells promote growth of first-trimester human trophoblasts by secreting IL-17. (a) Effect of Th17 cells-derived supernatants on the
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studies.29,30 The difference may be due to the different express-

ion spectrum of chemokines in decidua and chemokine recep-

tors of the decidual Th17 cells. We have also found that

trophoblast cells inhibit the migration of Th17 cells caused

by DSCs. We propose that trophoblast cells may downregulate

the expression of chemokines in the decidua that are specific to

the migration of Th17 cells or downregulate the expression of

chemokine receptors on Th17 cells by producing regulatory

molecules. In summary, DSCs cooperate with trophoblasts to

sustain the homeostasis of Th17 cells in decidua.

CD161 is a C-type lectin-like receptor that is expressed not

only in almost all NK cells, but also in a subset of T cells.32 One

ligand for human CD161 is lectin-like transcript 1, which

belongs to the C-type lectin domain family 2.33 Th17 cells are

attracted into skin in pathological skin diseases such as contact

dermatitis, psoriasis and atopic dermatitis34 via C-type lectin

domain family 2A that is expressed in the skin.35 It has been

reported that gut-resident Th17 cells express CD161.36 Our

present study shows most decidual Th17 cells express CD161.

These findings support the possibility that this molecule plays a

role in favoring transendothelial migration of Th17 cells into

the maternal/fetal interface and in selecting decidual Th17 cells.

During normal placenta development, the proliferation and

invasion of trophoblasts are strictly controlled. Various factors

such as adhesion molecules37 and cytokines38 are involved in

these processes. The defect of trophoblast invasion is related to

human pregnancy complications such as pre-eclampsia and

placenta increta. Extravillous trophoblast cells migrate and

invade into the deciduas. Thus, we examined the invasiveness

of the isolated first-trimester trophoblasts using a Matrigel inva-

sion assay. Th17 cells induce the invasion of trophoblast cells by

secreting IL-17, and Th17 cells exhibit a significant stimulatory

effect on the proliferation of trophoblast that is similar to rhIL-

17A. The Th17 cell-derived supernatant promotes trophoblast

proliferation by secreting IL-17. It has been shown that Th17

cells can promote tumor growth through an IL-6/STAT3 signal-

ing pathway.39 It is unclear whether Th17 cells promote tropho-

blast proliferation through the STAT3 signaling pathway.

Apoptosis is an active process by which dysfunctional cells

are eliminated to maintain normal tissue stability. Apoptosis

plays an important role in normal placental development. It

has been demonstrated that trophoblast apoptosis occurs in

normal pregnancy and that the apoptotic trophoblast cells

increase as gestation proceeds.40,41 It is also known that abnor-

mal trophoblast apoptosis is involved in human pregnancy

complications such as preeclampsia or fetal growth restriction.

Little is known about the role of Th17 cells in trophoblast

apoptosis. Here, we show that Th17 cells inhibit trophoblast

apoptosis mainly by secreting IL-17, but it cannot be excluded

that other cytokines produced by Th17 cells are also involved in

the regulation of trophoblast apoptosis. It has been reported

that Th1 cytokines such as tumor-necrosis factor-a and IFN-c
induce trophoblast apoptosis, but the Th2 cytokine IL-10 antag-

onizes the pro-apoptotic effect of tumor-necrosis factor-a and

IFN-c. These results suggest that Th17 cells may have a similar

function in the modulation of trophoblast apoptosis. Our

study has shown that Th17 cells are involved in first-trimester

placentation by regulating proliferation, invasion and apopto-

sis of trophoblasts (Figure 5).

We have found that Th17 cells are significantly elevated in

the first-trimester deciduae compared to non-pregnant endo-

metrium. Recent data have shown that Th17 cells are increased

in decidua from spontaneous abortion42,43 and preeclampsia44

patients. Thus, further studies are required to clarify which

subset of Th17 cells is involved in miscarriage, preecelampsia

or normal pregnancy. The limitation of this study is its low

sample size and the lack of data on the balance between Th17

cells and Treg cells in the first trimester.
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