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SUMMARY

 

Pregnancy is a challenge to the immune system, which not only has to protect the mother and the fetus
from invading pathogens but to also maintain immunological tolerance against the fetus. However, the
mechanisms inhibiting local immune responses in the maternal decidual tissue are poorly understood.
We have studied decidual CD14

 

+

 

 macrophages, which may be important in the maintenance of a tol-
erance against the developing fetus. Decidual macrophages expressed HLA-DR, but lower levels of
costimulatory molecule CD86 than peripheral blood CD14

 

+

 

 monocytes from pregnant and non-
pregnant women. Decidual macrophages produced spontaneously high levels of interleukin-10. Our
findings suggest that decidual macrophages could represent an inhibitory type of APCs. Supporting this
conclusion indoleamine 2,3-dioxygenase (IDO), suggested to have an immunosuppressive role in preg-
nancy, was expressed in decidual macrophages. Furthermore, decidual macrophages were not able to
differentiate into dendritic cells under the influence of IL-4 

 

+

 

 GM-CSF. These results suggest an immu-
noinhibitory function of decidual macrophages at the maternal–fetal interface.
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INTRODUCTION

 

Among the antigen-presenting cells (APCs), dendritic cells (DCs)
have a central role in the initiation of adaptive immune responses
[1,2]. In addition to their stimulatory properties, APCs have also
been shown to have regulatory role in the immune system with
their capacity to induce anergy or tolerance against the encoun-
tered antigen [3]. Furthermore, DCs induce T helper (Th) cell dif-
ferentiation not only into Th1 but also into Th2 type of cells and
the importance of DCs in the peripheral tolerance is evident
[4–6].

An intriguing question is how the APCs regulate the immune
system during pregnancy, when the maternal immune system is
challenged with semi-allogenic fetal antigens. The invasion of the
trophoblasts deep into the uterine tissue seems to occur without
any apparent activation of the maternal immune system. Decidual
tissue lining the uterus contains considerable amount of haemato-
poietic mononuclear cells throughout the pregnancy. Decidual
macrophages comprise 20% of these cells, whereas only few T
cells are present and B cells are virtually absent [7–9]. CD83

 

+

 

 DCs
have been found in the decidual tissue in the early phase of

pregnancy indicating the presence of immunostimulatory mature
DCs [10]. NK-like cells constitute the main mononuclear cell pop-
ulation in the early pregnancy, but their number decreases signif-
icantly towards the term [9].

Several mechanisms have been suggested to explain the
maternal tolerance against the fetus. Decidual tissue is known to
be immunosuppressive and macrophages in decidua have been
shown to mediate suppression in one-way mixed lymphocyte
reaction [11–14]. The expression of MHC class I molecule HLA-
G is considered to protect trophoblasts from the attack of mater-
nal NK cells by activating the killer inhibitory receptors (KIRs)
[15,16]. Placental cytotrophoblasts have been shown to produce
anti-inflammatory cytokine interleukin (IL)-10 and express Fas
ligand (FasL) [17,18]. It is believed generally that the predomi-
nance of Th2-type of responses favours successful pregnancy
[19,20]. Progesterone has several immunosuppressive effects,
including Th2-skewing [21,22]. Recently, tryptophan catabolizing
enzyme indoleamine 2,3-dioxygenase (IDO) was shown to block
the maternal T cell activation against the murine fetus [23].
Human placental and decidual cells have been shown to express
IDO [24,25].

The mechanisms maintaining the immunosuppressive envi-
ronment in the pregnant uterus has still remained unresolved. In
the present study we show that the decidual macrophages express
HLA-DR with low levels of costimulatory molecules CD80
and CD86. These decidual macrophages were not capable of
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differentiating into DCs. Furthermore, decidual macrophages
produced spontaneously high levels of IL-10 and expressed IDO.
These findings suggest that decidual CD14

 

+

 

 cells represent immu-
noinhibitory type of macrophages. We propose a central role for
these cells in the local regulation of maternal immune responses
against the fetus.

 

MATERIALS AND METHODS

 

Reagents and antibodies

 

In the isolation of decidual cells RPMI-1640 medium (G

 

IBCO

 

BRL, Grand Island, NY, USA) supplemented with 10% heat-
inactivated fetal calf serum (FCS; Bioproducts for Science, Indi-
anapolis, IN, USA), penicillin and streptomycin (Biological
Industries, Kibbutz beit Haemek, Israel) was used. Decidual cells
were cultured in Iscove’s modified Dulbecco’s medium (G

 

IBCO

 

BRL, Grand Island, NY, USA) supplemented with 10% FCS,
1 mmol/l HEPES (G

 

IBCO

 

 BRL), 0·1 m

 

M

 

 2-mercaptoethanol and
100 

 

m

 

g/ml gentamycin (Biological Industries, Kibbutz beit Hae-
mek, Israel). Antibodies used in the flow cytometry are described
in Table 1. Anti-CD14 conjugated microbeads for magnetic cell
sorting (MACS) were from Miltenyi Biotec (Auburn, CA, USA).
Purified recombinant human (rh) IL-4 and M-CSF were from
R&D Systems (Minneapolis, MN, USA), rhGM-CSF (Leucomax)
from Schering-Plough/Sandoz, interferon gamma (IFN

 

-

 

g

 

) was
obtained from DNAX Research Institute (Palo Alto, CA, USA)
and LPS (

 

Escherichia coli

 

 serotype 0127:B8) from Sigma (St
Louis, MO, USA). Enzymes DNase I, hyaluronidase and collage-
nase used for decidual cell isolation were obtained from Sigma (St
Louis, MO, USA).

 

Peripheral blood and decidual cells

 

This study was approved by the joint ethical committee of Turku
University Hospital and Turku University and informed consent
was obtained from the women participating in this study. The
peripheral blood samples were obtained from pregnant women
visiting Turku University Hospital antenatal care unit and from
healthy female controls. Buffy coats of blood were obtained from
healthy human donors (Finnish Red Cross Blood Transfusion

Service, Turku, Finland). Peripheral blood mononuclear cells
(PBMC) were isolated by Ficoll-Hypaque (Pharmacia, Uppsala,
Sweden) density gradient centrifugation. The fetal membranes
were obtained from women delivered by elective caesarean sec-
tion at term (>37 weeks’ gestation) in Turku University Hospital.
The isolation technique was a modification from a method
described in detail by Vince 

 

et al

 

. 1990 [9]. In brief, the decidual
cells were isolated by scraping the decidual tissue from the mater-
nal surface of the fetal membranes. The tissue was digested with
DNase I (50 

 

m

 

g/ml), collagenase (300 U/ml) and hyaluronidase
(2 mg/ml) in RPMI-1640 culture medium. Ten ml of this enzyme
cocktail was used per 1 g wet weight of tissue, with pulsed diges-
tion of 3 

 

¥

 

 20 min at 37

 

∞

 

C with stirring. After each incubation the
tissue was allowed to settle and the supernatant containing
released cells was removed. Finally, the dispersed cells were fil-
tered through metal sieve and silk, and washed twice with Hanks’s
buffered solution (HBS). Mononuclear cells were then separated
with Ficoll-Hypaque gradient centrifugation. In the flow cytomet-
ric analysis of the decidual cells, isolated as described above,
39% 

 

±

 

 8 (

 

n

 

 

 

=

 

 9) of these cells were HLA-DR and 35% 

 

±

 

 9 (

 

n

 

 

 

=

 

 9)
CD14 positive. These frequencies were similar between individual
samples. As CD14 is predominantly expressed on cells of
myelomonocytic lineage the phenotypic characterization of
decidual cells was performed using double staining, always includ-
ing anti-CD14.

 

Flow cytometry and cell sorting

 

The isolated cells were incubated with FITC- or PE-conjugated
MoAb for 30 min at 4

 

∞

 

C followed by two washes. When non-
conjugated MoAb was used, incubation of 30 min was followed
by PE-conjugated goat antimouse IgM or IgG1 for another
30 min and 1% normal mouse serum for 15 min and finally incu-
bation with FITC- or PE-conjugated MoAb for 30 min. Two
washes were employed after each incubation. As negative con-
trols, FITC- or PE-conjugated non-specific mouse IgG or Sp 2/0
(mouse hybridoma culture supernatant) was used. The cells were
analysed using FACScan flow cytometer and Cellquest software
(Becton Dickinson, San Jose, CA, USA). In the PB and decidual
cell samples the CD14

 

+

 

 cells were gated and analysed for the
expression of other surface antigens. The data are expressed as
mean fluorescence intensity ratios (MFIRs) (mean fluorescence
intensity with MoAb of interest/mean fluorescence intensity with
control MoAb). The cells were sorted by MACS using CD14
microbeads (Miltenyi Biotec). The purity of the positive selection
of CD14

 

+

 

 cells from decidua samples ranged from 72 to 94%
(Fig. 1).

 

Cell culture and cytokine measurement

 

The cells (0·5–2 

 

¥

 

 10

 

6

 

/well) were cultured in medium (IMDM,
10% FCS) with or without LPS (0·5 or 1 

 

m

 

g/ml) for 2 days. Cyto-
metric bead array, human inflammation (BD Biosciences, CA,
USA) was used to measure concentrations of IL-10, TNF-

 

a

 

, IL-1

 

b

 

and IL-12p70 from the culture supernatants. TGF-

 

b

 

 (R&D Sys-
tems, Minneapolis, MN, USA) and also IL-10 (CLB, the Nether-
lands) concentrations were measured by specific ELISAs. In the
case of DC culture the CD14

 

+

 

 cells (0·5–1 

 

¥

 

 10

 

6

 

/well) were cul-
tured in flat-bottom 24-well plates (Costar, Cambridge, MA,
USA) in medium alone or with IL-4 (500 U/ml) and GM-CSF
(50 ng/ml) for 7 days [26,27]. To obtain mature DCs the cells were
further cultured for additional 24–36 h with LPS (1 

 

m

 

g/ml) or
TNF-

 

a

 

 (10 ng/ml).

 

Table 1.

 

Monoclonal antibodies

Antibody Source

PE-conjugated antibodies
HLA-DR Becton Dickinson (San Jose, CA, USA)
CD14 Becton Dickinson (San Jose, CA, USA)
CD80 Becton Dickinson (San Jose, CA, USA)
CD86 PharMingen (San Diego, CA, USA)

FITC-conjugated antibodies
CD14 Becton Dickinson (San Jose, CA, USA)
CD40 PharMingen (San Diego, CA, USA)

Non-conjugated antibodies
CD1a PharMingen (San Diego, CA, USA)
CD40 Schering-Plough Research Institute 

(Kenilworth, NJ, USA)
CD83 Dr T.F. Tedder (Duke University 

Medical Center, Durham, NC, USA)
ILT-3 (ZM.4) Dr M. Colonna (Basel Institute for 

Immunology, Basel, Switzerland)
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IDO expression by RT-PCR

 

Decidual CD14

 

+

 

 cells (1 

 

¥

 

 10

 

6

 

) (purity of positive cells ranged
between 72 and 90%) were resuspended in Ultraspec (Biotecx,
Houston, TX, USA) lysis buffer (

 

n

 

 

 

=

 

 6). As positive control PB
CD14

 

+

 

 cells (0·25 

 

¥

 

 10

 

6

 

/well) were cultured in the presence of M-
CSF (200 U/ml) for five days and on the fifth day IFN-

 

g

 

 (10 ng/ml)
was added for 24 h [28]. After culture the cells were resuspended
in Ultraspec. PB CD14

 

+

 

 cells, immature DCs and mature DCs
were also resuspended in Ultraspec. RNA isolation was done as
described by the manufacturer. Oligo-p(dT)-primed cDNA were
synthesized using avian myeloblastosis virus (AMV) reverse tran-
scriptase in a 20-

 

m

 

l reaction volume (1st Strand cDNA Synthesis
Kit for RT-PCR, Roche Diagnostics Corp., Indianapolis, IN,
USA). Each reaction mixture was incubated at 42

 

∞

 

C for 1 h using
a DNA thermal cycler (Perkin-Elmer, Norwalk, CT, USA). A
heat inactivation step at 99

 

∞

 

C for 5 min was performed to dena-
turate reverse transcriptase, and this was followed by a cooling
step to 

 

+

 

 4

 

∞

 

C for 5 min. Two microlitres of cDNA was then used
for PCR amplification in 50 

 

m

 

l reaction mixtures containing
0·2 m

 

M

 

 of each dNTP, 1 U of DyNAzyme™ DNA polymerase
and 10

 

¥

 

 reaction buffer (Finnzymes OY, Espoo, Finland) and
15 pmol/ml of each primer set. The specific primers used for
IDO were: sense (5

 

¢

 

-AACTCCTGGACAATCAGTAAAG-3

 

¢

 

)
and antisense (5

 

¢

 

-ATATATGCGAAGAACACTGAAAAA-3

 

¢

 

).
As a control constitutively expressed 

 

b

 

-actin gene was amplified
from the same pool of cDNA to normalize the cDNA level; sense
primer (5

 

¢

 

-GGGTCAGAAGGATTCCTATG-3

 

¢

 

) and antisense
(5

 

¢

 

-CCTTAATGTCACGCACGATTT-3

 

¢

 

). To exclude possible
contamination of genomic DNA, AMV reverse transcriptase was
omitted from control RT reactions. PCR amplification conditions
were 94

 

∞

 

C for 30 s, 57

 

∞

 

C for 30 s, 72

 

∞

 

C for 1 min for a total of
30 cycles. Finally, products were analysed by electrophoretic
separation on a SeaKem 1·5% agarose gel (FMC Bioproducts,
Rockland, ME, USA). Products of RT-PCR were transferred
to Hybond™-N

 

+

 

 nucleic acid membrane (Amersham, Bucking-
hamshire, UK) for hybridization with an internal 

 

32

 

P-labelled
oligonucleotide probe for IDO; 5

 

¢

 

-ATTGATCATCTCA
CAGACCACA-3

 

¢

 

.

 

Statistical analysis

 

Independent samples Student’s 

 

t

 

-test was used in the statistical
analysis of the phenotypic differences. Cytokine concentrations
were analysed by Mann–Whitney 

 

U

 

-test.

 

RESULTS

 

Inhibitory phenotype of decidual macrophages

 

First we analysed the expression of cell surface molecules
involved in the antigen presentation on decidual macrophages in
comparison with PB monocytes isolated from pregnant and non-
pregnant control women. No significant differences between
the phenotype of PB CD14

 

+

 

 monocytes from pregnant and non-
pregnant women were observed (Table 2, Fig. 2). HLA-DR was
expressed at higher levels on decidual macrophages than on PB
monocytes. However, decidual macrophages expressed signifi-
cantly lower levels of CD86. The expression of CD80 was low in
both cell types. No difference in the expression of CD40 was
observed. Low expression of costimulatory molecules CD80 and
CD86 in relation to HLA-DR expression suggests that decidual
macrophages could rather induce anergy than activate T cells.
ITIM-containing receptors inhibiting leucocyte activation have
been characterized in DCs and monocytes/macrophages. ILT3
negatively regulates the activation of APCs and is involved in the
induction of the anergy in T helper cells [29,30]. Decidual mac-
rophages were observed to express ILT3 as did PB monocytes
(MFIR 5·8 

 

±

 

 2·4 (

 

n

 

 

 

=

 

 5), MFIR 4·2 

 

±

 

 1·6 (

 

n

 

 

 

=

 

 6), respectively).

 

Decidual macrophages express IDO, an inhibitor of 
T cell proliferation

 

We determined the expression of the IDO mRNA in decidual
CD14

 

+

 

 macrophages using RT-PCR. As a positive control, we

 

Fig. 1.

 

Decidual cells after positive selection using anti-CD14 microbeads. The dotplots of FACS analysis of CD14 positive and negative
fractions are shown.

Positive fraction Negative fraction

FSC-H
S

S
C

-H
FSC-H

S
S

C
-H

 

Table 2.

 

The phenotype of decidual macrophages

Monocytes

Decidual macrophages§ pregnant‡ control†

HLA-DR 126·0 

 

± 

 

52·7** 54·7 

 

± 

 

26·7 56·5 

 

± 

 

30·3
CD80 2·1 

 

± 

 

0·4** 0·9 

 

± 

 

0·1 1·0 

 

± 

 

0·2
CD86 6·5 

 

± 

 

1·6** 16·2 

 

± 

 

4·8 13·9 

 

± 

 

4·9
CD40 2·3 

 

± 

 

0·6 2·9 

 

± 

 

0·6 2·8 

 

± 

 

1·4

The mean fluorescence intensity ratios (MFIRs, see Materials and
methods) of different cells surface markers on CD14

 

+

 

 decidual cells and
CD14

 

+

 

 PB monocytes from pregnant and nonpregnant controls are shown
(mean 

 

±

 

 s.d.). **

 

P

 

 < 0·01 when compared with control. †

 

n

 

 

 

=

 

 10, ‡

 

n

 

 

 

=

 

 11,
§

 

n

 

 

 

=

 

 12.
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used monocytes cultured for five days with M-CSF and then stim-
ulated with IFN-

 

g

 

 [28]. Jurkat cells were studied as a negative con-
trol (Fig. 3, lane 12). IDO transcripts were detected in all decidual
samples indicating that decidual macrophages spontaneously
express IDO (Fig. 3, lanes 1–6). Furthermore, we found that both
immature (CD1a

 

+

 

) and mature (CD83

 

+

 

) monocyte-derived DCs
express IDO mRNA. Similar findings have been recently pub-
lished [31,32].

 

Differentiation of decidual CD14+ cells into DCs is compromised
If the decidual CD14+ cells have the capacity to differentiate
into DCs they could initiate T cell responses against the fetal

alloantigens. Therefore, we cultured decidual CD14+ macroph-
ages in the presence of IL-4+ GM-CSF [26,27,33]. After 7 days of
cell culture, decidual macrophages remained partially CD14 pos-
itive and did not gain CD1a expression, whereas control PB
monocyte-derived immature DCs expressed high levels of CD1a
and became CD14 negative (Fig. 4). Furthermore, only slight up-
regulation of the expression of HLA-DR, CD80, CD86 and CD40
was observed in decidual macrophages cultured with IL-4 +GM-
CSF compared with cells cultured in medium alone (Table 3). PB
monocyte-derived immature DCs up-regulated the expression of
CD80, CD86 and CD40. Our results show that decidual macroph-
ages are unable to differentiate into immature DCs under the

Table 3. The phenotype of decidual and PB CD14+ cells after 7 days of culture with IL-4 + GM-CSF

MFIR CD14 HLA-DR CD80 CD86 CD40 CD1a CD83

Decidua Medium 31 ± 17 94 ± 43 3 ± 1 6 ± 1 15 ± 5 1 ± 0 2 ± 1
IL-4 + GM-CSF 2 ± 1 102 ± 20 5 ± 1 9 ± 2 33 ± 12 1 ± 0 2 ± 1

PB Medium 47 ± 2 181 ± 46 2 ± 0 6 ± 1 4 ± 1 1 ± 0 1 ± 0
IL-4 + GM-CSF 1 ± 0 74 ± 38 12 ± 5 15 ± 12 61 ± 16 70 ± 39 2 ± 1

MFIRs of the cell surface antigens on cultured cells are shown (mean ± s.d.). Three individual experiments were performed.

Fig. 2. The phenotype of decidual macrophages. The expression of HLA-DR, CD80, CD86 and CD40 on CD14+ cells from decidua and
PB from pregnant and non-pregnant controls was analysed by double staining and using flow cytometry. Representative contour plots from
nine individual experiments are shown.

PB CD14+
non-pregnant
control

PB CD14+
pregnant

Decidual
CD14+

H
LA

-D
R

C
D

80
C

D
86

C
D

14

CD14

CD40
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influence of IL-4 + GM-CSF. This finding was unexpected, as nor-
mally CD14+ monocytes/macrophages either from PB or synovial
fluid differentiate into functional DCs [27,33,34].

Decidual macrophages produce spontaneously high levels 
of IL-10
We studied the production of IL-10, TNF-a, IL-1b, TGF-b and IL-
12p70 by decidual and normal PB CD14+ cells. Spontaneous pro-
duction of IL-10 was significantly higher in decidual macrophages
(mean 459 pg/ml, P < 0·05) when compared with normal PB
monocytes (mean 59 pg/ml) (Fig. 5). Decidual macrophages also
produced higher levels of TNF-a (mean 210 pg/ml, P < 0·01)
when compared with PB monocytes (mean 23 pg/ml). IL-10 and
TNF-a production was up-regulated in both cell types after
LPS stimulation (Fig. 5). However, decidual macrophages were
observed to produce much lower levels of IL-1b (mean 50 pg/ml)
than control cells (mean 141 pg/ml). Interestingly, decidual mac-
rophages hardly up-regulated IL-1b production after LPS stimu-
lation (134 ± 47 pg/ml, mean ± s.d.), whereas a considerable
up-regulation was observed in control cells (2267 ± 680 pg/ml,
P < 0·01). To confirm the high spontaneous IL-10 production we
used also a classic ELISA method and the results were similar

with those obtained with the cytometric bead method (decidual
macrophages: IL-10 mean 525 pg/ml; PB monocytes: IL-10 mean
75 pg/ml). No production of the active form of TGF-b was
observed in decidual macrophages (data not shown). In addition,
neither decidual nor PB CD14+ cells produced IL-12p70 sponta-
neously or after LPS stimulation. Neither IL-10 nor TNF-a pro-
duction was detected in the CD14 negative fraction of decidual
cells, suggesting that CD14+ macrophages are the main cytokine
producing cells in the maternal decidua.

DISCUSSION

One of the most intriguing questions in biology is how an allo-
genic pregnancy is maintained in a potentially immunologically
hostile environment. As reproduction is crucial to all species,
these mechanisms must be very effective. Human semi-allogeneic
fetal tissues survive several months in a very close contact with a
biologically active and well-circulated maternal decidua. One clue
to this question could be the exceptional characteristics of decid-
ual macrophages, which are found in considerable numbers
locally adjacent to fetal tissues.

We show that these cells have several immunosuppressive
properties. The decidual macrophages expressed HLA-DR, but
low levels of the costimulatory molecules CD80 and CD86. CD86
has been considered more important than CD80 in the human T
cell activation [35,36]. Blockade of CD40 signalling, and espe-
cially CD86–CD28 interaction, seems to generate antigen-specific
immunoregulatory T cells able to suppress alloreactive T cells
[36]. It is also known that blockade of the function of CD86 and
CD40 enhance the graft survival [37]. Low expression of CD80
and CD86 suggests that decidual macrophages may rather induce
tolerance of maternal T cells by failing to give a sufficient costim-
ulatory signal [38,39]. The phenotype of decidual macrophages,
which we have here characterized, could explain the earlier find-
ings that decidual macrophages possess suppressive capacity in
mixed lymphocyte reactions [13,14]. It is also well known that

Fig. 3. RT-PCR analysis of IDO expression in decidual macrophages.
Lanes 1–6, decidual CD14+ cells; lanes 7 and 8, PB CD14+ cells; lane 9,
immature CD1a+ DCs; lane 10, mature CD83+ DCs; lane 11, PB CD14+

cells cultured with M-CSF for 5 days and 1 day with IFN-g; lane 12, Jurkat
cells; lane 13, aqua control.

Fig. 4. Decidual CD14+ cells are impaired to differentiate into DCs. Decidual and PB CD14+ cells were cultured in medium alone or in
the presence of IL-4 + GM-CSF. The cells were stained for various cell surface markers after seven days of culture and analysed using flow
cytometer. Representative histograms from three individual experiments are shown.
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decidual tissue as such is immunosuppressive [11]. We show here
that decidual macrophages express IDO, which has been shown to
be involved in the protection of the allogenic fetus by preventing
maternal T cell activation [23]. It has been shown that there are
distinct subsets of DCs and macrophages expressing IDO [32].
Based on our results we propose that there could be a subset of
decidual macrophages expressing IDO in at the maternal–fetal
interface but further studies are needed to assess more clearly
which subset of mononuclear cells represents IDO expressing
immunoregulatory cells in decidua. Recently it was shown that
CD200 (OX-2), which is also expressed by trophoblast cells and in
decidua, might trigger in subset of antigen presenting macroph-
ages an increase in IDO activity [40–42].

IL-10 has been shown to be important to the successful preg-
nancy. IL-10 was demonstrated to reverse the experimental fetal
growth restriction in mice [43]. By immunohistochemical studies,

the production of IL-10 was shown to be reduced in the placental
tissue from patients with pre-eclampsia [44]. Here we show, that
decidual macrophages produce spontaneously high levels of IL-
10. As IL-10 is known to inhibit the expression of HLA-DR and
the costimulatory molecules on APCs [45,46], maternal IL-10
could be able to reduce the capacity of APCs to activate T cells
acting against fetal tissues. We propose that the effects of IL-10 on
the maternal APC function explain the inhibitory role of IL-10
during pregnancy. We also observed that decidual macrophages
produced lower levels of IL-1b. In contrast to decidual macroph-
ages, inflammatory macrophages typically produce high levels of
proinflammatory cytokines such as IL-1b and TNF-a. Reduced
production of IL-1b by decidual macrophages further supports
the special properties of decidual macrophages. The profile of
cytokines produced by decidual macrophages suggests that in the
case of an intrauterine infection, these cells may be less potent
promoters of inflammation than other tissue macrophages. These
findings might also explain, why intrauterine infections usually
remain without clinical symptoms of inflammation for a pro-
longed time [47]. Obviously, it is important to sustain the tolero-
genic environment to maintain successful pregnancy, even at the
expense of reduced resistance to infections.

We observed also that decidual macrophages were incapable
to differentiate into DCs under the influence of IL-4 + GM-CSF,
indicating active inhibitory mechanisms preventing DC differen-
tiation. It is known that the maturation of CD14+ monocytes into
DCs can be inhibited by IL-10 [48], TGF-b [49] and 1a,25-
dihydroxyvitamin D3 [50]. While inhibiting the differentiation of
CD14+ monocytes into DCs, IL-10 directs their maturation into
macrophages [51]. Based on our results, we propose, that the high
endogenous IL-10 production in decidual macrophages is one of
the mechanisms inhibiting their differentiation into DCs.

In conclusion, we have characterized the phenotype of CD14+

decidual macrophages and provide several lines of evidence that
these cells could have an immunoinhibitory function, probably
important in maintaining maternal tolerance against the develop-
ing fetus. Based on our findings, decidua may provide a special
environment to activate regulatory T cells, which could directly
inhibit the activation of naive T cells. Decidual macrophages may
represent a special type of APCs able to induce regulatory T cells
[52–54].
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