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The Journal of Immunology

HLA-G5 Induces IL-4 Secretion Critical for Successful
Pregnancy through Differential Expression of ILT2 Receptor
on Decidual CD4+ T Cells and Macrophages

Letizia Lombardelli,* Maryse Aguerre-Girr,† Federica Logiodice,* Ornela Kullolli,*

Ysabel Casart,† Beata Polgar,†,1 Alain Berrebi,†,‡ Sergio Romagnani,* Enrico Maggi,*

Philippe Le Bouteiller,† and Marie-Pierre Piccinni*

Successful pregnancy in humans has been associated with production of IL-4 by T cells at the feto–maternal interface. Soluble HLA-

G5 produced by trophoblasts potentially controls the decidual T cell cytokine profile. We studied the effect of HLA-G5 on the

cytokine profile of purified human macrophages and Ag-specific T cells in vitro. We demonstrated that HLA-G5 increased

production of IL-12 by purified peripheral blood macrophages. Although IL-12 production by macrophages is known to induce

IFN-g production by CD4+ T cells, HLA-G5 increased production of IL-4 but not IFN-g by CD4+ T cells after Ag presentation

by macrophages. We found that this apparent paradox was due to the differential expression of the ILT2 HLA-G5 receptor

on activated T cells and macrophages. This receptor was upregulated in the former and downregulated in the latter after Ag

presentation and activation of both cell types. This observation was confirmed in situ, where decidual macrophages and T cells are

continuously exposed to HLA-G5 produced locally and activated by trophoblast alloantigens. Freshly isolated decidua basalis

macrophages expressed lower levels of ILT2 than peripheral blood macrophages from the same pregnant women. They did not

spontaneously produce IL-12, whereas freshly isolated decidual CD4+ T cells expressed high levels of activation markers (CD25,

HLA-DR, and CD69) as well as ILT2 and spontaneously produced IL-4 but not IFN-g. Therefore, HLA-G5 could be responsible,

at least in part, via its interaction with ILT2, for decidual T cell IL-4 production, known to be crucial for successful pregnancy. The

Journal of Immunology, 2013, 191: 3651–3662.

T
he conceptus has been considered to be a semiallograft
because of the presence of paternal class I HLA-C mol-
ecules on the fetal-derived trophoblast cells that invade

the maternal decidua basalis (1). The maternal CD4+ and CD8+

T cells could recognize the paternal alloantigens, after processing
and presentation by maternal APCs (2). Uterine macrophages and
dendritic cells express HLA class II and costimulatory molecules
and comprise APCs necessary for alloantigen presentation to
maternal T lymphocytes. The T lymphocytes activated by the

paternal MHC Ags could proliferate and secrete cytokines. As the
cytokine profile expression of the T cells could be responsible for
the rejection or tolerance of allograft by the host, it has been
suggested that Th1-type cytokines, including IFN-g, that promote
allograft rejection may compromise pregnancy, whereas the Th2-
type cytokines (IL-4) together with IL-10, inhibiting the Th1 re-
sponses, promote allograft tolerance and therefore may improve
fetal survival (3–9). Accordingly, several years ago, we showed
a defect in IL-4 production by both decidual CD4+ and CD8+

T cells and a defect in IL-10 production (6) by decidual CD4+

T cells in women suffering from unexplained recurrent abortion
undergoing a spontaneous abortion (with normal chromosomal
content), in comparison with the decidual T cells of women with
a normal pregnancy undergoing an elective abortion (6, 7). There-
fore, in humans, the success of pregnancy seemed to be associated
with the production of IL-4 and IL-10 by T cells. Accordingly, in
successful pregnancies, the expression of CRTH2 (marker of IL-
4–producing cells) by CD4+ and CD8+ T cells at the site of im-
plantation has been reported (10).
CD4+CD25+Foxp3+ regulatory T cells, known to control im-

mune responses against self-Ags, have also been defined recently
as responsible for alloantigen tolerance (11), although the mech-
anisms of action of these cells in pregnancy remained unclear.
We did not find any reduction of IL-4 and IL-10 in the peripheral

blood (PB) of women suffering from unexplained recurrent
abortion in comparison with the PB T cells of women with a normal
pregnancy undergoing a voluntary abortion (6), suggesting that this
was not an inherent feature of T cells, but rather a microenviron-
mental alteration. We wondered which factors present in the mi-
croenvironment of the T cells present in the decidua basalis could
be responsible for the unique cytokine profile shown by the de-
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cidual T cells. Candidates could include hormones for which
concentrations are increased during pregnancy, in particular pro-
gesterone, which, at concentrations comparable to those present at
the feto–maternal interface during pregnancy, is a potent inducer
of production of Th2-type cytokines (i.e., IL-4 and IL-5) (6, 7, 12).
Other candidates responsible for the cytokine profile of the de-
cidual T cells could be molecules expressed/produced by troph-
oblasts. Soluble HLA-G5, secreted by the villous and extravillous
cytotrophoblast that are, respectively, in direct contact with ma-
ternal blood of the intervillous space and maternal T cells in the
decidua basalis (13), could be one of these.
HLA-G is a nonclassical class I molecule characterized by a

minimal polymorphism, a restricted constitutive tissue distribution
(mostly trophoblast), and some unique structural features, in-
cluding alternative splicing resulting in several membrane-bound
and soluble isoforms (13–15). Among the soluble forms, HLA-G5
is structurally similar to the full-length membrane-bound HLA-
G1, except it has neither transmembrane nor intracytoplasmic
domains but a translated intron 4 (14). HLA-G5 is able to bind b2-
microglobulin and form dimers (16). Soluble HLA-G5, designated
in this study as HLA-G5, has been reported by several groups to
be produced by extravillous and villous trophoblast (15, 17–20).
One major HLA-G receptor described to date is ILT2, also de-
signed leukocyte Ig-like receptor (LILR)B1 or CD85j. It is ex-
pressed in decidual macrophages, dendritic cells, T cells, and NK
cells as well as in PB monocytes and some T cells (20–22). ILT2
binds most HLA class I ligands, but the highest affinity is for
HLA-G (16, 23) and preferentially the dimeric form of HLA-G
(21, 24). It has been shown that HLA-G homodimer engagement
of ILT2 on human decidual macrophages triggers the secretion of
IL-6, IL-8, and, to a lesser extent, TNF-a (22). As HLA-G was
originally discovered on extravillous cytotrophoblast cells invad-
ing the decidua basalis (25, 26), HLA-G was considered to be a
specific mediator of induction of feto–maternal tolerance during
pregnancy (27). This concept was supported by lack of expression
of polymorphic class I HLA-A and HLA-B and class II Ags on
trophoblast (28) and the limited polymorphism of HLA-G (29).
These findings suggested an inability of maternal immune cells
to identify fetal cells as foreign, thereby protecting the fetus from
allograft rejection by the maternal immune system. However, ex-
pression of the classical class I HLA-C Ags on extravillous cyto-
trophoblast (30), which could activate the decidual T cells as
explained above, suggests that the maternal T cells present in the
decidua can recognize and interact with trophoblast Ags and
consequently secrete cytokines to regulate the growth and differ-
entiation of trophoblast. Soluble HLA-G5 produced by extravillous
cytotrophoblast (31) could modulate the cytokine profile of decidual
T cells activated by paternal alloantigens exhibited by the conceptus.
How the various decidual immune cells that reside at the materno–

fetal interface during pregnancy contribute to success (or failure) of
pregnancy requires deeper understanding. The aim of this study was
to investigate further the functional effects of HLA-G5 on both
decidual macrophages and CD4+ T cells following their interaction
with paternal Ags, including HLA-C, exhibited by trophoblast cells.
In this study, using in vitro and ex vivo experiments, we dem-

onstrate that HLA-G5 downregulates IL-12 production by decidual
macrophages and increases IL-4 secretion by decidual CD4+

T cells. This HLA-G5–mediated modulation of cytokine secretion
is correlated with the downregulation of ILT2 expression on de-
cidual macrophages and increased levels of the same HLA-G–
specific receptor on decidual CD3+CD4+ T cells. These results
strongly suggest that HLA-G5, produced locally by trophoblasts,
could be responsible, at least in part, for the decidual T cell–IL-4
production that is essential for a successful pregnancy.

Materials and Methods
HLA-G5 and soluble HLA-B7

rHLA-G5 and soluble HLA-B7 (sHLA-B7) proteins were purified from
specific transfectant cell-culture supernatants, as previously described
(32, 33).

Cytokine production and mRNA expression of Ag-specific
T cell lines in the absence or presence of HLA-G5 and
sHLA-B7

Tetanus toxoid (TT)–specific T cell lines were generated from 12 donors
previously vaccinated against TT, as described elsewhere (12). Briefly, 106

PBMC in 2 ml RPMI 1640 medium supplemented with 2 mM L-glutamine,
2 3 1025 M 2-ME, and 2.5% human serum (complete medium) were
stimulated in 24-well-flat-bottom plates for 5 d with the TT Ag (1 mg/ml)
in the absence or presence of either HLA-G5 or sHLA-B7 (0.2, 1, and 2
mg/ml) (Fig. 1) and in the presence or not of recombinant human IL-4
(R&D Systems; 200 pg/ml) and IL-12 (R&D Systems; 5000 pg/ml) as
controls of cytokine modulation. Human IL-2 (generous gift from Euro-
cetus, Milano, Italy) at 20 U/ml was then added and cultures continued for
additional 9 d. Viable T blasts were suspended in complete medium and
tested for their Ag specificity as follows: T cell lines, 23 104 T blasts were
seeded in microplates and cocultured for 48 h with irradiated (9000 rad)
autologous PBMC (53 104) in the presence of medium alone or TT (1 mg/
ml). After a 16-h pulse with 0.5 mCi [3H]thymidine deoxyribose (Amer-
sham Biosciences), cultures were harvested and radioactivity measured by
liquid scintillation. The phenotype distribution of TT-specific T cells was
assessed by flow cytometry analysis. These TT-specific T cell lines were
CD4+ cells. To induce the cytokine production by T cell lines, 106 T blasts
from each TT-specific T line generated in the absence or in the presence of
HLA-G5 or sHLA-B7 and in the presence of IL-4 and IL-12 were cultured
in the presence of PMA (Sigma-Aldrich; 20 ng/ml) plus anti-CD3 mAb
(BD Biosciences; 100 ng/ml). After 36 h, culture supernatants were col-
lected and stored in aliquots at 280˚C until used. IL-4, IL-5, IFN-g, and
IL-10 were quantified by an in-house–made capture ELISA using anti–IL-
4, –IL-5, –IFN-g, and –IL-10 mAb bound to microwell plates and bio-
tinylated anti–IL-4, –IL-5, –IFN-g, and –IL-10 mAb as revealing Abs,
respectively (34). Values of the cytokine content 5 SD over those of control
supernatants obtained by stimulation of irradiated feeder cells alone were
considered as an effective secretion.

mRNA expression for IL-10, IL-4, IFN-g, and IL-5 in Ag-specific T cell
lines was measured using the QuantiGene 2.0 bead-based multiplex assay
(Panomics, Fremont, CA). The blasts from each Ag-specific T cell line
were washed three times and centrifuged (1100 rpm, 10 min) to obtain a
pellet of cells. T blasts were suspended in lysis buffer solution at a con-
centration of 250,000 cells/ml containing 50% Lysis Mixture (Panomics)
and 1 g/l proteinase K. The mixture was shaken at 65˚C for 30 min to lyse
the T cell blasts. The lysates were stored at 280˚C until use. A panel of
oligonucleotide capture probes, each with a unique sequence of 15 bases,
was covalently linked to carboxylated fluorescently encoded beads
(Luminex). We mixed each lysate diluted at 1:1 and 1:2 and the pooled
capture beads in a round-bottom assay well and hybridized for 16 h at 54˚C
(final volume in each well, 100 ml). The assay mixture was transferred to
a MultiScreen filter plate (Millipore, Billerica, MA), and unbound material
was washed from the wells three times with wash buffer. The plate was
then hybridized at 54˚C for 1 h with 100 ml/well bDNA amplifier in
Amplifier Diluent (Panomics). After the plate was washed twice, it was
incubated at 50˚C for 1 h with 100 ml/well 59-dT(biotin)–conjugated label
probe (Panomics) diluted in Label Probe Diluent (Panomics). After two
washes, streptavidin-conjugated R-PE diluted in streptavidin-PE diluent
(20 mmol/l Tris-HCl, 400 mmol/l lithium chloride, 1 ml/l Tween 20, 1 ml/l
BSA, and 5 ml/l Micr-O-protect [Roche Applied Science]) was added, and
the plate was put in a shaker and incubated at room temperature for 30 min.
We washed the beads to remove unbound streptavidin-PE and then an-
alyzed them with Bio-Plex 200 system (Bio-Rad). The streptavidin-PE
fluorescence measured from each bead was proportional to the number
of mRNA transcripts captured by the beads. Expression of target-specific
RNA molecules was calculated as the mean values from triplicate cultures
and normalized against GAPDH.

Cytokine production by TT-stimulated PB macrophages

A total of 106 macrophages purified by adherence from PBMC of seven
donors previously vaccinated against TT (adherent fractions contain 97–
99% of CD14+ cells) were suspended in 1 ml complete medium in 96-well
U-bottom plates and stimulated for 5 d with the TT Ag (Istituto Sclavo,
Siena, Italy; 1 mg/ml) in the absence or presence of HLA-G5 (0.2, 1, and
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2 mg/ml). Supernatants were collected and stored in aliquots at 280˚C
until the quantification of IL-1b, IL-6, TNF-a, IL-12, IL-18, IL-10 (R&D
Systems), and IFN-g (PBL Biomedical Laboratories) by ELISA.

Kinetics of ILT2 expression on macrophages and T cells
present in a bulk culture of PBMC stimulated with an Ag

A total of 106 PBMC obtained from four TT-vaccinated donors were
stimulated with TT (1 mg/ml) in 24-well-flat-bottom plates in 2 ml com-
plete medium for 0, 6, 24, 48, 72, and 96 h. As control, 106 PBMC ob-
tained from the same four TT-vaccinated donors were cultured without any
stimulation in 2 ml complete medium in 24-well-flat-bottom plates for 0, 6,
24, 48, 72, and 96 h. The ILT2 expression on CD3+ T cells and CD14+

macrophages present in the bulk cultures was assessed by flow cytometry
analysis on an FACSCalibur (BD Biosciences) using CD3–PE-Cy7, CD14–
FITC, and ILT2–PE mAb (Beckman Coulter).

Purification of macrophages, T cells, and extravillous
trophoblast from decidua basalis of early pregnancy

Samples of decidua basalis were obtained from healthy pregnant women
undergoing vaginal elective termination of pregnancy (8–12 wk of gesta-
tion). This study was approved by the local ethics committee of the Centre
Hospitalier de l’Université Toulouse, and all pregnant women signed in-
formed consent. Decidual mononuclear cells (MNC) were isolated from
the decidua basalis by collagenase digestion and gradient centrifugation
as previously described (35). Decidual CD4+ T cells were purified from
nonadherent cells using MACS negative selection (Miltenyi Biotec). Purity
was routinely .98%. Decidual CD14+ cells were isolated from adherent
cell fraction by using MACS CD14 isolation kit (Miltenyi Biotec; positive
selection). Purity was .88%. PBMC from the same pregnant women were
obtained as described (36). PB CD4+ T cells and CD14+ cells were isolated
by using MACS CD4 isolation kit II (negative selection) or MACS CD14
isolation kit (positive selection), respectively. Extravillous trophoblast was
obtained from samples of decidua basalis after collagenase digestion and
Percoll gradient, as described (17). Purity of extravillous trophoblast was
assessed by cytospin and immunostaining using anti–cytokeratin-7 and anti-
vimentin mAbs (DakoCytomation), as described (37). Trophoblast purity
was routinely .95% cytokeratin-7 positive and .95% vimentin negative.

Quantification of cytokines produced by purified decidual
CD4+ T cells and macrophages

Freshly isolated decidual and PB CD4+ T cells purified by MACS negative
selection were cultured in 96-well plates (2 3 105 cells/well) coated with
anti-CD3 mAb (BD Pharmingen, Le Pont de Claix, France) or its IgG
isotype control or uncoated. After 24 or 48 h of incubation, the concen-
trations of IFN-g or IL-4 in the culture supernatants (triplicates) were
measured using the CBA kit (BD Pharmingen). Freshly isolated decidual
CD14+ cells were cultured in 96-well plates (53 104 cells/well) for 24, 48,
72, or 96 h in the absence or presence of LPS (10 or 100 ng/ml; Cayla-
InvivoGen Europe) or normal culture medium, and the concentrations of
IL-12, IL-6, or TNF-a in the culture supernatants (triplicates) were mea-
sured using the CBA kit (BD Biosciences).

Quantification by real-time quantitative RT-PCR of ILT2 and
killer Ig-like receptor 2DL4 mRNA levels in decidual MNC and
purified decidual CD4+ T cells

Total RNA was extracted from freshly isolated PB and decidual MNC
and CD4+ T cells by using TRIzol (Invitrogen) and treated with DNase I
(Qiagen). First-strand cDNAwas prepared from 1–5 mg each RNA sample
using Superscript II Reverse transcriptase according to the manufacturer’s
instructions (Invitrogen). Total RNA was extracted with the RNAEasy Kit
and treated with DNase I (Qiagen), and cDNA was synthetized by using
TaqMan Reverse Transcription Reagents (Applied Biosystems). RT-PCR
was then performed by using TaqMan methodology, as described (38).
Quantitative analysis of ILT2, killer Ig-like receptor 2DL4 (KIR2DL4),
and b-actin was performed by using Assay on Demand (Applied Bio-
system, Warrington, U.K.). b-actin was used for normalization.

Flow cytometry analysis of CD69, CD25, HLA-DR, and ILT2
cell-surface expression on purified decidual CD3+ T cells and
CD14+ macrophages

Freshly isolated decidual CD4+ T or PB CD4+ T cells were stained si-
multaneously with CD4+Pacific Blue, CD3–PE-Cy7, CD69–allophyco-
cyanin-Cy7, CD25-allophycocyanin, HLA-DR–FITC (BD Biosciences),
and ILT2-PE mAb (Beckman Coulter) or their respective IgG1–PE-Cy7,

IgG1–Pacific Blue, IgG1–allophycocyanin-Cy7, IgG1-APC, IgG2a-FITC
(BD Biosciences), or IgG1-PE (Beckman Coulter) isotype controls. Freshly
isolated decidual- or PB-CD14+ macrophages were stained simultaneously
with CD14-PE.Cy7 (BD Pharmingen) and ILT2-PE mAb (Beckman
Coulter) or their respective IgG1–PE-Cy7 (BD Pharmingen) or IgG1-PE
(Beckman Coulter) isotype controls. Results were analyzed by an LSRII
flow cytometer (BD Biosciences) and CellQuest software (BD Biosciences).
For setting gates and addressing fluorescence spillover or determining pos-
itive/negative boundaries, we have used the fluorescence-minus-one ap-
proach (39).

Coculture of PB CD4+ T cells and purified trophoblast

Freshly isolated PB CD4+ T cells or decidual CD4+ T cells purified by
MACS negative selection were cultured in 12-well plates (106 cells in 1 ml)
in the presence or not of purified trophoblast cells from the same decidua
(2 3 105 cells/well). After 24, 48, or 72 h of coculture, PB or decidual
CD4+ T cells were incubated simultaneously with CD4–Pacific Blue,
CD3–PE-Cy7, CD69–APC-Cy7, CD25-APC, HLA-DR–FITC (BD Bio-
sciences), and ILT2-PE mAb (Beckman Coulter) or their respective IgG1–
PE-Cy7, IgG1-Pacific Blue, IgG1–APC-Cy7, IgG1-APC, IgG2a-FITC
(BD Biosciences), or IgG1-PE (Beckman Coulter) isotype controls. Fol-
lowing incubation for 30 min at 4˚C, cells were washed and analyzed with
LSRII flow cytometer (BD Biosciences) and CellQuest software (BD
Biosciences).

Statistics

Statistical analyses were performed using SSPS software (SPSS, Evanston,
IL). Due to nonparametric distribution, all comparisons between cytokine
concentrations in basal and stimulated conditions were performed by
Wilcoxon test. Data are reported as median and ranges unless otherwise
stated. A p value , 0.05 was accepted as statistically significant.

Results
HLA-G5 stimulates the production of IL-12 by TT-activated PB
macrophages

We first investigated the effect of HLA-G5 on the cytokine pro-
duction by purified PB CD14+ cells stimulated for 5 d with TT
in the presence or absence of HLA-G5 (Fig. 1). A significant in-
crease of IL-12 concentration (p = 0.01) was observed in the
culture supernatants of macrophages cultured in the presence of
HLA-G5 (1 mg/ml) compared with those cultured in the absence
of HLA-G5 (Fig. 2). In contrast, HLA-G5 had no effect on the
production of IL-1a, IL-6, TNF-a, IL-18, IL-10, and IFN-g by the
PB macrophages (data not shown). As IL-12 is a potent inducer of
the IFN-g production by the CD4+ T cells (40), HLA-G5–induced
IL-12 production by activated macrophages present among PBMC
could trigger the development of IFN-g–producing Ag-specific
T cells.

HLA-G5 stimulates the IL-4 production of TT-specific T cell
lines

To investigate the possible role of HLA-G5 on the cytokine profile
of Ag-specific T cells, we generated TT-specific T cell lines from

FIGURE 1. Generation of Ag-specific T cell lines in the absence or

presence of HLA-G5. TT-specific T cell lines were generated from 12

donors previously vaccinated against TT. PBMC were stimulated for 5 d

with TT (1 mg/ml) in the absence or presence HLA-G5 (0.2, 1, and 2 mg/ml).

Human IL-2 was then added and cultures continued for additional 10 d.

After additional 5 d of culture, the Ag-specific T cell lines are obtained.

rhIL-2, Recombinant human IL-2.
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12 donors cultured in the absence or presence of HLA-G5 and
analyzed their ability to produce IFN-g, IL-4, IL-10, and IL-5 (Fig.
3). As control, PBMC from the same donors were stimulated with

TT in the presence of IL-4, a powerful inducer of Th2 differen-
tiation (41), or IL-12, a potent inducer of Th1 differentiation (40).
We first measured the cytokines present in the supernatants of

TT-specific T cell lines (Fig. 3A). We found a significant increase
of IL-4 secretion (p = 0.02) by the TT-specific T cell lines in
response to IL-4 and a significant increase of IFN-g (p = 0.028)
in response to IL-12, suggesting that the culture conditions were
satisfactory for the modulation of the T cell line cytokine profile.
A statistically significant increase of the IL-4 production (p =
0.02) was observed with the TT-specific T cell lines generated
in the presence of HLA-G5 (Fig. 3A) with a maximum effect at
1 mg/ml (Supplemental Fig. 1). In contrast to what was expected,
the slight increase of IFN-g production in response to HLA-G5 is
not statistically significant, and also, no significant difference was
observed in IL-10 and IL-5 production between the T cell lines
generated in the presence or in the absence of HLA-G5 (Fig. 3A).
In comparison, incubation of the same TT-specific T cell line with
sHLA-B7, a classical soluble HLA class I molecule, had no sig-
nificant effect on the IL-4 and IL-10 production, whereas it in-
duced a significant increase of IFN-g production (p = 0.05) and a
significant decrease of IL-5 production (p = 0.01). Similar results
were obtained by using another Ag-specific (streptokinase [SK])

FIGURE 2. HLA-G5 stimulates the production of IL-12 by TT-activated

macrophages. PB CD14+ macrophages were purified by adherence from

PBMC of five donors previously vaccinated against TT and stimulated for

5 d with TT in the presence or absence of HLA-G5 (1 mg/ml). The IL-12

concentration was measured in culture supernatants by ELISA.

FIGURE 3. HLA-G5 stimulates the IL-4 production of TT-specific T cell lines. (A) TT-specific T cell lines from 12 donors were generated by a 5-d

culture in the absence or presence of sHLA-G5 and their production of IFN-g, IL-4, IL-10, and IL-5 measured by ELISAs. To control the specific effect of

HLA-G5 on the cytokine profile of the TT-specific T cell lines, TT-specific T cell lines from the same donors cultured in the absence or presence of sHLA-

B7 were also generated and their IL-4, IFN-g, IL-5, and IL-10 production was measured by ELISA. PBMC from the same donors were stimulated with TT

in the presence of IL-4, a powerful inducer of Th2 differentiation, and IL-12, a powerful inducer of Th1 differentiation. These indicate that the culture

conditions were satisfactory for the modulation of the T cell lines cytokine profiles. p values not indicated are .0.05. (B) TT-specific T cell lines from five

donors cultured in the absence or presence of HLA-G5 were generated and their IL-4, IFN-g, IL-5, and IL-10 mRNA expression was measured by

Quantigene 2.0. As controls, PBMC from the same donors were stimulated with TT in the presence of IL-4, an inducer of Th2 differentiation, and in the

presence of IL-12, a potent Th1 inducer, which both indicate that the culture conditions were satisfactory for the modulation of the T cell lines cytokine

profile. The p values not indicated are .0.05 (NS).
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T line (Supplemental Fig. 2): HLA-G5 (1 mg/ml) significantly
stimulated IL-4 production from SK-specific T cell lines derived
from the PBMC of 23 additional donors.
We then analyzed the cytokine mRNA levels of TT-specific

T cell lines by Quantigene 2.0 (Panomics) (Fig. 3B). We found
a significant increase of IL-4 mRNA expression (p = 0.043) by the
TT-specific T cell lines in response to IL-4 and a significant in-
crease of IFN-g mRNA expression (p = 0.043) by the TT-specific
T cell lines in response to IL-12, suggesting that the culture
conditions were satisfactory for the modulation of the T cell lines
cytokine mRNA expression. A statistically significant increase
(p = 0.042) of IL-4 mRNA expression was observed with the TT-
specific T cell lines generated in the presence of HLA-G5 at 1 mg/ml
compared with the TT-specific T cell lines generated in the ab-
sence of HLA-G5 (Fig. 3B). In contrast, no significant differences
were observed for IFN-g, IL-10, and IL-5 mRNA expression be-
tween the T cell lines generated in the presence or in the absence
of HLA-G5 (Fig. 3B). These results confirmed the results obtained
at the protein level.
The above findings indicate that HLA-G5 increases the pro-

duction of IL-12 by purified PB macrophages, and, although IL-12
secretion by macrophages is known to induce IFN-g production by
activated T cells, such IFN-g production by Ag-specific T cells in
response to HLA-G5 is not significant. Surprisingly, the produc-
tion of IL-4 by these T cells in response to HLA-G5 increased
significantly. This apparent paradox could be due to the fact that
when Ag-specific T cell lines are generated (Fig. 1), the bulk cul-
tures comprised T cells and some APCs (monocytes/macrophages),
which both express receptors for HLA-G. ILT2, the receptor for
HLA-G also known as LILRB1, or CD85j, is mainly expressed by
macrophages and T cells (20).

ILT2 HLA-G receptor expression is downregulated on
activated macrophages and upregulated on Ag-specific T cells
present in a bulk culture of Ag-stimulated PBMC

The apparent paradox mentioned above could be due to differential
ILT2 expression on CD4+ T cells and macrophages. To investigate
this possibility, we activated PBMC of four donors with TT for 6,
24, 48, 72, and 96 h and examined the ILT2 expression on CD3+

T cells and CD14+ macrophages present in the bulk cultures using
flow cytometry analysis. The ILT2 expression of one representa-
tive experiment is shown in Fig. 4. At time 0, when the PBMC are
not yet activated by TT, CD3+ T cells did not express ILT2 (Fig. 4,
top panel), whereas 100% of CD14+ macrophages expressed this
receptor (Fig. 4, bottom panel). In the first 24 h of culture, the
expression of ILT2 is upregulated on the activated TT-specific
CD3+T cells (Fig. 4, top panel; 10–26% increase in the four
experiments performed) and downregulated on the CD14+ cells
(Fig. 4, bottom panel). After 48–96 h of stimulation, the per-
centage of ILT2+ macrophages further increased, whereas the
percentage of T cells expressing ILT2 decreased, suggesting that
these T cells were less and less activated by the Ag and reverted to
a homeostatic state.
During the first 24 h of stimulation, there is a downregulation of

the ILT2 receptor expression on macrophages, which thus cannot
efficiently bind its specific ligand HLA-G5 added in the culture
medium. Such macrophages cannot produce enough IL-12 to in-
duce T cells to differentiate into IFN-g–producing T cells. In
contrast, the Ag-stimulated T cells express higher levels of ILT2,
allowing more efficient binding of HLA-G5 and subsequent dif-
ferentiation into IL-4–producing T cells (Fig. 3A, 3B).
To investigate the influence of HLA-G5 produced locally at the

feto–maternal interface, we next evaluated the expression of ILT2
on both decidual macrophage and T cells from early pregnancy.

Lower expression of ILT2 on decidual than PB macrophages in
pregnant women

CD14+ macrophages were purified from the decidua basalis and
from the PB of the same five pregnant women who underwent
an elective termination (first-trimester pregnancy). Expression of
ILT2 on freshly isolated, unstimulated in vitro decidual and PB
macrophages was analyzed by flow cytometry (Fig. 5). The level
of ILT2 expression was significantly lower in decidual macrophages
(mean 30 6 6% of positive cells) compared with PB monocytes
(mean 76 6 10% of positive cells) (p = 0.043) (Fig. 5, left panel).
Representative flow cytometric profiles of PB (82.6%) and de-
cidual (20.5%) macrophages from the same decidua and ex-
pressing both CD14 and ILT2 are shown in Fig. 5, right panel.
These results suggest that the local activation of decidual mac-
rophages at the feto–maternal interface may contribute to the
downmodulation of their ILT2 cell-surface expression.

Decidual CD3+CD4+ T cells are activated in situ by
trophoblast cells and express ILT2 receptor

To evaluate their activation status, freshly isolated decidual CD3+

CD4+ T cells (90–98% positivity) were analyzed for the presence
of different activation markers by flow cytometry. A significant
number of decidual T cells expresses CD69 (43 6 6%), HLA-DR
(58 6 9%), and CD25 (18 6 4%) (Supplemental Fig. 3). These
observations indicate that decidual CD4+ T cells are activated
locally at the feto–maternal interface. Trophoblast cells expressing
paternal alloantigens are likely to be responsible for such activa-
tion. To verify this hypothesis, a comparison was made between
CD3+CD4+ decidual and PB T cells of the same pregnant women
using a multicolor flow cytometry analysis. As shown in Fig. 6A
(top panel), a high number of CD3+CD4+ decidual T cells express
both CD69 and HLA-DR+ (81.3%) or CD69 and CD25 (45.4%).
By comparison, almost no CD3+CD4+ T cells from PB are CD69+

CD25+ (0.043%) or CD69+ HLA-DR+ (0.22%) (Fig. 6A, middle
panel). When CD3+CD4+ PB T cells were cocultured with irra-
diated trophoblast cells purified from the same pregnant woman,
they acquire the expression of CD69/HLA-DR (32.2%) as well as
CD69/CD25 (16.2%) (Fig. 6A, bottom panel), thus resembling to
the decidual CD4+ T cell phenotype. These latter results suggest

FIGURE 4. ILT2 expression is downregulated on activated macrophages

and upregulated on Ag-specific T cells present in a bulk culture of Ag-

stimulated PBMC. PBMC were stimulated with TT for 0, 6, 24, 48, 72, and

96 h and examined for the ILT2 expression on CD3+ T cells and CD14+

monocytes present in the bulk cultures using flow cytometry analysis.

Representative experiment out of four.
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that in these coculture studies the trophoblast cell alloantigens
presented by the APCs enriched from decidual MNC fraction
could be responsible for the activated status of the CD4+ PB
T cells incubated with trophoblast. By choosing the semiallo-
geneic combination, we wanted to be in a situation that could be
linked to what could be found in normal pregnancy, in which the
paternal HLA-C Ags would be able to stimulate the specific de-
cidual CD4+ T cells after processing and presentation by maternal
APCs. The decidual CD4+ cells activated in response to these
alloantigens would be able to express the receptor for HLA-G5,
ILT2, thus linking HLA-G5 and producing IL-4. The IL-4 secre-
tion by CD4+ T cells in response to HLA-G5 is completely related
to the expression of the receptor for HLA-G5 (ILT2) after the
stimulation of CD4+ T cells. Experiments of proliferation with
allogeneic combinations of 46 decidual CD4+ T cell clones ob-
tained from the same pregnant woman stimulated with 15 different
samples of purified irradiated trophoblast cells obtained from
other women undergoing elective termination of pregnancy show
that the proliferation of the CD4+ T cell clones in response to the
15 different allogeneic trophoblast samples is significantly in-
creased (p , 0.00001) (cpm; mean 6 SE, 1350 6 189 T cells
alone and 3920 6 717 T cells plus trophoblast cells) (data not
shown). In contrast, we found that the irradiated maternal PB
MNC are unable to stimulate the same CD4+ T cell clones and
thus cannot significantly increase the proliferation of the decidual
CD4+ T cells, indicating that the maternal decidual CD4+ T cells
respond solely to paternal alloantigens. These findings suggest that
in allogeneic, as well as in semi-allogeneic combinations, the
decidual CD4+ T cells are activated by the paternal HLA-C Ags
expressed on the trophoblast cells. The result of the CD4+ T cell
activation is the expression of ILT2 by the CD4+ T cells that could
link HLA-G5 and produce IL-4. Accordingly, a time course of
the expression of ILT2 on CD4+ cells after the stimulation of PB
MNC with PMA plus ionomycin show an increase expression of
ILT2 by flow cytometry analysis on the CD3+/CD4+ cells after the
stimulation (time 0: 0% ILT2; 6 h: 1% ILT2; 24 h: 7% ILT2; 48 h:
17,5% ILT2; and 96 h: 28.7% ILT2; data not shown). These
findings clearly indicate that the type of stimulation has no in-
fluence on ILT2 expression. The IL-4 production by CD4+ T cells
in response to HLA-G5 is completely linked to the expression of
the receptor for HLA-G5 (ILT2), which depends of the state of
activation of CD4+ T, but is independent of the type of stimu-
lation used (i.e., TT Ag in Fig. 4, semialloantigens, alloantigens,
and PMA/ionomycin).
We confirm in a representative experiment (Fig. 6B) that CD4+

CD3+ T cells purified from the decidua of elective abortion,

without any in vitro stimulation, express spontaneously high levels
of activation markers HLA-DR (99.4%) or CD69 (99.2%) and CD25
(41.7%) and have been activated in vivo (Fig. 6B, left panel).
Among these activated CD4+ T cells, many of them spontaneously
coexpress ILT2 (CD4+HLA-DR+ILT2+, 13.4%; CD4+CD69+

ILT2+, 5.4%; and CD4+CD25+ILT2+, 11.9%), indicating that the
total percentage of activated CD4+ T cells expressing ILT2 is
30.7% in the case of this decidua (Fig. 6B, right panel) and a
mean of 22.33% when using six different decidua (data not shown).
Although the fresh CD4+ T cells are always activated after their
purification from the decidua and express activation markers
(CD25, CD69, and HLA-DR), suggesting strongly that the de-
cidual CD4+ cells have been activated in vivo, the percentage of
these three markers and the percentages of the different combi-
nations of these three markers expression vary from one decidua
to another. However, not all decidual CD4+ T cells coexpress
CD69 and HLA-DR (Supplemental Fig. 4). We have performed
a further analysis of the six-color flow cytometry of five different
decidual samples to investigate the ILT2 expression on the CD4+

CD3+ decidual T cells expressing both CD69 and HLA-DR
(Supplemental Fig. 4). In the sample shown in Supplemental
Fig. 4, 58.1% of decidual T cells express both CD69 and HLA-DR
activation markers. Among this decidual T cell subset, 6% are
ILT2+. In the other analyzed samples of CD69+HLA-DR+ de-
cidual T cells, between 10.3 and 3.8% were ILT2+ (data not
shown).
Thus, decidual CD4+ T cells could be activated at the feto–

maternal interface and then express the receptor for HLA-G5,
ILT2.
The expression of ILT2 by purified decidual CD4+ T cells was

also confirmed at the mRNA level. RT-PCR analysis of purified
decidual CD4+ T cells demonstrates that they express high levels
of ILT2 transcripts, whereas decidual MNC, from which the CD4+

T cells have been purified, express very low levels of ILT2 mRNA
(Fig. 6C), but high levels of KIR2DL4 mRNA. Knowing that
∼70% of the decidual MNC populations consists of NK cells (42),
KIR2DL4 mRNA detected in the decidual MNC fraction is likely
to derive from these leukocytes. The levels of ILT2 transcripts
expressed by PB CD4+ T cells obtained from the same pregnant
women are much lower than the levels of transcripts for ILT2
expressed by decidual CD4+ T cells (Fig. 6C), suggesting that at
the feto–maternal, interface CD4+ T cells are extensively exposed
to and stimulated by paternal alloantigens compared with PB
CD4+ T cells. Altogether, these results strongly suggest that de-
cidual CD4+ T cells are highly activated in situ by trophoblast and
expressed ILT2 receptor, whereas PB CD4+ T cells of the same

FIGURE 5. Lower expression of ILT2 on decidual

macrophages in situ than on PB macrophages of preg-

nant women. CD14+ macrophages were purified from

the decidua and from the PB of the same pregnant

women (n = 5), who underwent an elective termination

of first-trimester pregnancy. Freshly isolated, unstimu-

lated in vitro, purified decidual and PB macrophages

were analyzed by flow cytometry for their cell-surface

expression of ILT2.
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pregnant women undergoing normal pregnancy are not similarly
activated and do not express ILT2 receptor.

In contrast to decidual CD4+ T cells that spontaneously
produce IL-4 but not IFN-g, decidual macrophages do not
spontaneously produce IL-12

Purified decidual CD4+CD3+ T cells were stimulated or not with
anti-CD3 Abs for 24 or 48 h and IL-4 and IFN-g production

measured in the corresponding cell-culture supernatants (Fig. 7A).
At both times of incubation, decidual T cells produced IL-4
spontaneously (without any in vitro stimulation). Anti-CD3 Abs
stimulation further increased the levels of IL-4 release at both
times. In contrast to IL-4, CD4+ decidual T cells never sponta-
neously produced IFN-g even after 48-h incubation (Fig. 7A).
Decidual and PB CD4+CD3+ T cells purified from the same

pregnant women were stimulated or not with anti-CD3 Abs for

FIGURE 6. Decidual CD3+CD4+ T cells are ac-

tivated in situ by trophoblast cells and express

ILT2 receptor. (A) Multicolor flow cytometry

analysis of the expression of CD69 and HLA-

DR or CD69 and CD25 at the cell surface of pu-

rified, unstimulated CD3+CD4+ decidual T cells

(top panel), PB T cells cultured alone (PB CD4+

T cells, middle panel) from the same pregnant

women, or PB T cells cocultured for 24 h with

irradiated trophoblast cells enriched from the

decidual MNC fraction obtained from the same

pregnant woman (PB CD4+T cells + Trophoblast

cells, bottom panel). One representative experi-

ment out of seven experiments performed. (B)

Analysis of the cell-surface coexpression of HLA-

DR and CD69 or CD25 on purified CD4+CD3+

T cells without any in vitro stimulation (left panel).

Analysis of ILT2 membrane expression between

the same CD3+CD4+HLA-DR+, CD3+CD4+CD69+,

and CD3+CD4+CD25+ decidual T cells (right panel)

using a multicolor flow cytometer (one represen-

tative experiment shown). (C) mRNA quantitative

analysis by TaqMan methodology of ILT2 and

KIR2DL4 on freshly isolated MNC and CD4+

T cells purified from the same MNC fraction of

elective abortion decidua (top panel) and PB from

the same two pregnant women (bottom panel).

Two representative experiments are shown.
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24 h and IL-4 and IFN-g production measured in the corresponding
cell-culture supernatants (Fig. 7B). In contrast with decidual CD4+

T cells, PB CD4+ cells were not able to produce IL-4 without
in vitro stimulation, whereas they did produce IFN-g spontane-
ously (Fig. 7B), suggesting a peculiar Th2-type pattern exhibited
by decidual CD4+ cells.
Purified decidual CD14+ macrophages were stimulated or not

with LPS for 24, 48, 72, or 96 h and IL-12, IL-6, and TNF-a pro-
duction measured in the corresponding cell-culture supernatants
(Fig. 8). Decidual macrophages without any in vitro stimulation
spontaneously produce IL-6 and, to a lesser extent, TNF-a and the
levels of these cytokines increased after LPS stimulation, indi-
cating that macrophages purified from decidua exhibit the receptor
for LPS, TLR4 (43), and are functional. In contrast, IL-12 was
never spontaneously produced by decidual macrophages (Fig. 9)
whether stimulated or not with LPS (Fig. 8).

Discussion
Several years ago, Kanai et al. (44, 45) investigated the role of
sHLA-G1 (now called HLA-G5) on cytokine production by PBMC
from nonpregnant women and by decidual MNC. The MNC were

cultured with a lymphoblastoid cell line transfectant, which solely
expresses membrane-bound (m)HLA-G1 (721 221-G1 cells) or
with the parental untransfected cell line (722-221 cells) in the
absence and presence of HLA-G5 added to the culture medium.
Thus, the effect of HLA-G5 on the MNC was always combined
with the effect of the mHLA-G1, leading to a complex experi-
mental model, quite difficult to explain and discuss. The choice
of the authors to check the effect of HLA-G5 on MNC, which are
a mixture of different immune cells, made the interpretation of the
role of HLA-G5 on CD4+ T cells difficult. Moreover, the HLA-G5
used by the authors was, as they called it, a sub–HLA-G5, not the
authentic soluble HLA-G5, which had an additional 20 aa at the C
terminus of the molecule compared with the sub–HLA-G5. The
authors first reported an increased production of IL-4 by periph-
eral MNC (44) but not by decidual MNC (45) in the presence of
221-G1 cells in contrast to the addition of 221 cells to the MNC.
Second, they found a decreased production of IFN-g and TNF-a
by both PB and decidual MNC in the presence of 221-G1. When
the sub–HLA-G5 was added to the coculture of MNC and 221-G1
cells, the IL-4 production by both peripheral MNC (44) and de-
cidual MNC (45) was not modified, whereas both IFN-g and

FIGURE 7. Decidual CD4+ T cells spontaneously produce IL-4, but not IFN-g . (A) Freshly isolated decidual CD4+ T cells (D) purified by MACS

negative selection were cultured with immobilized anti-CD3 mAb (black bar), IgG isotype control (gray bar), or medium alone (white bar). After 24 or 48 h

of incubation, the concentrations of IFN-g or IL-4 in the culture supernatants (triplicates) were measured using the CBA kit. Results obtained from three

different deciduas (D32, D34, and D36) are shown. (B) Freshly isolated decidual (D) and PB CD4+ T cells from the same pregnant women and purified by

MACS negative selection were cultured with immobilized anti-CD3 mAb (black bar), IgG isotype control (gray bar), or medium alone (white bar). After

24 h of incubation, the concentrations of IFN-g or IL-4 in the culture supernatants (triplicates) were measured using the CBA kit. Results obtained from

three different deciduas (D222, D224, and D225) are shown.
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TNF-a increased in the presence of PB MNC (44) and decreased
in the presence of decidual MNC (45). Thus, mHLA-G1 seemed
to increase IL-4 and decrease IFN-g production, whereas HLA-G5
seemed to have no effect on IL-4 production by MNC after the
modulation by mHLAG1. The authors did not explain how the
MNC could be activated to respond to mHLAG1 and then to sub–
HLA-G5 and to express the receptor for HLA-G. They did not
investigate which receptor for HLA-G was expressed on MNC nor

which cells among decidual and PB MNC responded to mHLA-
G1 to produce IL-4.
Our experimental model used rHLA-G5 and Ag (SK or TT)-

specific CD4+ T cell lines. Our present investigations clearly in-
dicated that HLA-G5 significantly increased IL-4 protein pro-
duction as well as its mRNA expression, but not that of IL-5,
IL-10, or IFN-g by Ag-specific CD4+ T cells. The production of
IL-4 was a specific effect of HLA-G5 and not of any other soluble
classical class I molecule, as sHLA-B7 showed no effect on the
T cell IL-4 production, whereas it increased IFN-g and decreased
IL-5 production.
The possible functional relationship between soluble HLA-G

and T cell–IL-4 production was also suggested by the presence
of sHLA-G in serum of allergic patients (46, 47). Allergy is a
disorder characterized by an increased ability of B cells to produce
IgE to certain groups of ubiquitous Ags (allergens). IgE Ab syn-
thesis results from the production of IL-4 by the Th2 cells, which
induces the production of IgE by B cells, whereas Th1 cells
produce IFN-g that suppresses IgE synthesis (48). Higher levels of
sHLA-G in the serum of patients with allergic rhinitis and in al-
lergic children with asthma compared with healthy donors have
been reported (46, 47). In contrast, sublingual immunotherapy,
which was associated with a Th1-type response in patients with
allergic rhinitis, was associated with reduced serum levels of
sHLA-G (49). These findings highlight a possible functional re-
lationship between HLA-G5 and IL-4 production by Th2 cells.

FIGURE 8. Decidual macrophages do not spontaneously produce IL-12. Freshly isolated decidual CD14+ cells were cultured for 24, 48, 72, or 96 h in the

absence or presence of LPS (10 or 100 mg/ml) or normal culture medium. The concentrations of IL-12, IL-6, or TNF-a in the culture supernatants

(triplicates) were measured using the CBA kit. Results obtained from three different deciduas (D39, D40, and D41) are shown.

FIGURE 9. HLA-G5, via ILT2 receptor differential expression on de-

cidual T cells and macrophages, induces IL-4 secretion by human decidual

CD4+ T cells in successful pregnancy. When macrophages present the

alloantigens from trophoblast to the T cells, ILT2, the receptor for HLA-

G5, is upregulated on the activated CD4+ T cells and extensively down-

regulated on the activated macrophages. Decidual CD4+ T cells expressing

higher levels of ILT2 can bind efficiently HLA-G5 produced by tropho-

blast and switch toward IL-4–producing T cells.
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The surprising production of IL-4 by T cells in response to HLA-
G5, whereas macrophages produced IL-12, an inducer of Th1 cells
under the same conditions, could be explained by the fact that when
Ag-specific T cell lines were generated, the bulk cultures included
T cells and APCs (monocytes/macrophages), both of which express
receptors for HLA-G5 (20). HLA-G5 has a much higher affinity
for ILT2 than LILRB2 (23, 24), and ILT2 is extensively expressed
on T cells and macrophages (20–22). We found that when an Ag-
specific T cell line was generated in the first 24 h when APCs
present the Ag to the T cells, ILT2 was upregulated on the acti-
vated T cells and extensively downregulated on the activated
macrophages, which became unable to bind HLAG5 efficiently
and to produce levels of IL-12 necessary to induce the great ma-
jority of T cells to switch toward IFN-g–producing T cells. In
contrast, the Ag-activated T cells, expressing higher levels of
ILT2, could bind efficiently HLA-G5 added to the culture and
switch toward IL-4–producing T cells. Therefore, via ILT2 receptor
differential expression on decidual T cells and macrophages, HLA-
G5 could be able to induce IL-4 secretion by CD4+ T cells.
We verified our hypothesis in situ at the feto–maternal interface

where decidual macrophages and T cells are continuously exposed
to HLA-G5 produced locally. We analyzed the spontaneous ex-
pression of ILT2 by decidual macrophages and decidual T cells
immediately after their purification without any additional in vitro
stimulation. We found that freshly isolated decidual CD3+CD4+

T cells expressed high levels of CD25, CD69, and HLA-DR markers
of activation, suggesting that decidual CD4+ T cells were activated
at the feto–maternal interface. Interestingly, the percentage of
activated CD69+CD25+CD4+ T cells and CD69+HLA-DR+CD4+

T cells, which were extremely low in the PB of pregnant women
cultured alone, dramatically increased in PB CD4+ T cells from
the same pregnant women when they were cocultured with an
enriched trophoblast cells fraction. These latter results indicated
that the trophoblast cells alloantigens could be responsible for the
activated status of decidual CD4+ T cells. More importantly, we
found that decidual activated CD3+CD4+ T cells expressed
spontaneously the receptor for HLA-G5, ILT2, because mRNA for
ILT2 was found in the freshly purified decidual CD3+CD4+ T cell
population. By comparison, mRNA for KIR2DL4, another HLA-
G–specific receptor (50), which is expressed preferentially by
decidual NK cells (22, 35), was not found in the decidual CD3+CD4+

T cell fraction, but only in the decidual MNC fraction, in which NK
cells account for ∼70% of CD45-positive cells (42). Accordingly,
we have previously demonstrated that many decidual NK cells
from first-trimester pregnancy express KIR2DL4 protein at their
cell surface (35). This finding was confirmed in other reports (22,
51). Interestingly, Li et al. (22) also demonstrated that decidual
CD14+ cells were KIR2DL4 negative.
In addition, ILT2 expression was significantly decreased on de-

cidual macrophages compared with PB monocytes obtained from
the same pregnant women, suggesting that decidual macrophages
have been activated at feto–maternal interface, and according to
what was shown in Fig. 4, ILT2 receptor expression was down-
modulated at the cell surface of the activated macrophages. Thus,
in vivo, within the decidua basalis of early pregnancy where de-
cidual macrophages and CD4+ T cells are activated, macrophage
ILT2 expression was downregulated, whereas decidual CD4+

T cells expressed higher levels of ILT2. At the feto–maternal in-
terface, where macrophages and T cells are continuously exposed
to HLA-G5 locally produced, we analyzed the cytokine profile of
these cells. We showed that many decidual CD4+CD3+, which
exhibit an activated phenotype and expressed ILT2, produced
spontaneously IL-4 (without any in vitro stimulation). In contrast,
IFN-g was never produced spontaneously by decidual CD4+

T cells but only after stimulation by anti-CD3 Ab. We also found
that decidual CD14+ macrophages, which also exhibit an activated
phenotype, and a downregulation of ILT2 cell-surface expression,
produced spontaneously (without any in vitro stimulation) IL-6
and TNF-a according to Li et al. (22), but they did not sponta-
neously produce IL-12 and thus were not able to induce decidual
T cells to produce IFN-g spontaneously. Accordingly, it has been
reported that other decidual APCs, such as decidual dendritic
cells, secreted less IL-12 than blood monocyte-derived dendritic
cells and induced Th2 cells when cocultured with naive CD4+

T cells (52).
These results showed that HLA-G5, produced locally by extra-

villous cytotrophoblast could be responsible, at least in part, for
the decidual T cells-IL-4 production necessary for a successful
pregnancy (Fig. 9). Interestingly, it has been found recently that
reduced or aberrant HLA-G expression seemed to be associated
with certain complications of pregnancy, including the risk of
miscarriage or preeclampsia (53–59). However, when soluble
HLA-G isoforms were analyzed late in pregnancy, a low level of
sHLA-G5 seemed to be associated with uncomplicated pregnancy,
whereas in preeclampsia, the levels of sHLA-G5 were higher (60,
61). The opposite was found for the concentrations of sHLA-G1
isoform shedding from mHLA-G that were lower in women with
severe PE compared with normal uncomplicated pregnancy. Al-
together, these results suggest that both forms of sHLA-G may be
important in the outcome of pregnancy.
We found that the HLA-G5–induced IL-4 production by de-

cidual CD4+ T cells was dependent on the differential expression
of ILT2 on decidual CD4+ T cells and macrophages, which could
be critical in some pathologies of pregnancy, such as recurrent
spontaneous abortion, in which a defective IL-4 production by the
CD4+ decidual T cells was observed (4, 6, 10, 62).
ILT2, which contains an immunoreceptor tyrosine-based switch

motif, functions in this study as an activating receptor, although it
also exerts inhibitory functions. The activating role of ILT2 has
been also suggested by Li et al. (22). These authors isolated human
decidual CD14+ macrophages from terminated first-trimester preg-
nancies and cross-linked them with anti-ILT2 Ab. This resulted in
upregulation of IL-6, IL-8, and TNF-a transcripts. In addition, they
found that cytokine secretion from macrophages was blocked by the
appropriate anti-receptor mAb as well as by anti–HLA-G mAb.
Our results demonstrated a possible protective role of the HLA-

G5 for the outcome of pregnancy, via the induction of T cell-IL-4
production. This could be partly responsible for the absence of
maternal rejection of the fetus during pregnancy and thus for the
state of tolerance toward the semiallogeneic conceptus. Our data
provide new insights into the role played by HLA-G5 at the feto–
maternal interface in triggering decidual T cell production of IL-4
in this process.
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