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A B S T R A C T

Obesity is seen as a low grade inflammatory state, and is associated with adverse pregnancy outcomes. Disturbed
macrophage characteristics might be essential in obesity associated pregnancy pathology via effects on the
regulation of angiogenesis and placental development. This study aims to address the effects of maternal obesity
on macrophage subsets in the decidua of women with term uncomplicated pregnancies. Macrophages were
isolated from the decidua basalis and decidua parietalis of women with pre-gravid BMI < 25 (control) and
BMI > 30 (obese). Macrophages were characterized and quantified using multi-color flow cytometry. Placentas
of 10 obese and 10 control women after an uncomplicated term pregnancy were included. The decidua par-
ietalis, but not decidua basalis, showed significantly lower levels of M1-type (HLA-DR+, CD163−) macrophages
(p < 0.05) in obese women (4,3% of total macrophages) compared to control women (5,3% of total macro-
phages). The lower levels of M1 macrophages, considered to be pro-inflammatory, might indicate a mechanism
to compensate for the pro-inflammatory environment in obese women to ensure healthy pregnancy outcomes.

1. Introduction

Obesity in women of reproductive age constitutes a growing health
problem throughout the world [1,2]. Obesity is classified as a body
mass index (BMI) of ≥30 kg/m2 [3,4]. In general, obesity shows
characteristics of an inflammatory state, such as raised CRP, a lower
serum albumin, and higher leucocytes in the peripheral blood [3,5].
During pregnancy, obesity is associated with various unfavorable
pregnancy outcomes, such as: spontaneous miscarriage, congenital
anomalies, gestational diabetes, preeclampsia, and fetal macrosomia
[1,3,6–10]. Thus far, the biological mechanisms behind the association
between obesity and unfavorable pregnancy outcomes are only partly
understood. Possibly, a disturbed maternal immune balance, such as
altered macrophage characteristics are involved in the complicated
pregnancy outcomes.

Macrophages constitute a major and stable leukocyte population in
the decidua. The maternal term decidua consists of distinct regions, the
decidua basalis and decidua parietalis. Decidual macrophages have
diverse functions during pregnancy such as protection against

pathogens, and are important in the normal development of the pla-
centa [5,11]. Decidual macrophages are also involved in maternal im-
munoregulation towards the semi-allogeneic fetus [6,11–14]. These
functionally different roles are attributed to distinct macrophage sub-
sets [15,16]. Classically two distinct macrophage subsets are described,
based on their function and phenotype; the pro-inflammatory M1
subset and the anti-inflammatory M2 subset. M1 macrophage activation
is induced by inflammatory factors, such as LPS activation, IFN-γ, and
TNF-α, resulting in the production of inducible nitric oxide synthase
(iNOS) and promotion of T-helper 1 responses [16,17]. Markers of M1
macrophages are IRF-5, HLA-DR, and CD80+ [15–19]. M2 macro-
phages are associated with maternal tolerance to the fetus and exhibit
immunoregulatory actions by production of anti-inflammatory IL-10,
IL-1 receptor antagonist, TGF-β and the enzyme arginase [20–23]. M2
macrophages in the placental bed might be slightly different from
systemic M2 macrophages since in in vitro studies they have been shown
to be induced by M-CSF and IL-10 [11,24]. Macrophage mannose re-
ceptor C type (MRC), CD206+, CD163+, and CCL18 are markers of M2
polarization [18,25–27]. Uterine macrophages are characterized by
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their phenotypic plasticity, switching between M1 and M2 phenotypes,
to adjust to a variety of distinctive environments, most probably also
induced by fetal antigens [18,26,28]. The general classic separation in
pro-inflammatory M1 and anti-inflammatory M2 macrophage subsets
appears less strict as there are overlapping phenotypes [29].

Decidual macrophages differ in their characteristics and functioning
depending on gestational age. Reports demonstrate increased levels of
M2 decidual macrophages in the second and third trimester of preg-
nancy compared to the first trimester [5,28,30]. M1 maternal macro-
phages infiltrate the decidua at the end of the third trimester, devel-
oping a pro-inflammatory state associated with the onset of labor
[18,31]. Decidual M1/M2 imbalances are implicated into a spectrum of
pregnancy complications as miscarriage, preeclampsia, and intrauterine
infections [3,27,30,32]. Obesity is known to result in a low-grade in-
flammatory state and placental inflammation [3,5,26,33,34]. Abnormal
macrophage function in the placenta might be implicated in compli-
cated pregnancy outcomes associated with obesity [3,35]. However, the
precise effects of obesity on decidual macrophages are unclear. Possible
compensatory mechanisms to ensure a healthy pregnancy outcome in
obese women with a pro-inflammatory state are not known. This study
aims to investigate the effects of pre-gravid maternal obesity on mac-
rophage subsets in decidual tissues of uncomplicated term pregnancies
in control and obese women.

2. Methods

2.1. Study design

In this study 20 human placentas were included. All placentas were
delivered after term, singleton, uncomplicated pregnancies, at the
Department of Gynecology and Obstetrics in the University Medical
Center Groningen (UMCG), the Netherlands. All women reported no
smoking, drugs, or alcohol use. To be included, the pre-gravid BMI of
the pregnant women given birth had to be<25 for the control group
or> 30 for the obese group. Placentas were collected in phosphate
buffered saline (PBS) within 60min after birth, and stored (< 7 °C) for
no longer than 24 h until further analysis [36]. Placental tissue is re-
garded as part of medical ‘rest material’ and therefore covered by the
‘code of conduct for responsible use’ according the Federation of
Medical Scientific Associations (FEDERA) [37]. This study was ap-
proved by the Medical Ethics Review Board of the UMCG (number
METc2018/516).

2.2. Isolation

The amniotic layer of the membranes was separated from the
chorionic layer and decidua parietalis by gentle manual traction.
Thereafter, a cell scraper was used to separate the decidua parietalis
from the chorionic layer [12,38]. From the maternal surface of the
placenta, pieces of 5 cm2 in all quadrants of the decidua basalis were
removed using scissors. Fetal villous tissue was removed as much as
possible. To minimize cell death, all tissues layers were constantly
embedded in PBS. Infarcted and discolored parts of tissue were not
included and blood clots and vessels were removed.

After separation, both decidua parietalis and decidua basalis were
directly placed in PBS, cut into small pieces using a scissor, washed
extensively in PBS, and centrifuged at 210×g at room temperature.
Tissue was digested by the addition of StemPro Accutase Gibco
(Thermo Fisher Scientific, Waltham, MA, USA) in a 1:2 ratio (tissue to
accutase). The tissue was mixed and dissociated by a GentleMacs
Dissociator (Miltenyi Biotech). For the decidua basalis a program of 17 s
with 668 total rounds per run was used and the decidua parietalis ran
twice for 37 s with 235 rounds per run. Tissue was incubated and gently
shaken (∼80/min) at 37 °C for 45min. Hereafter, 10mL of PBS was
added to stop the digestive process, followed by filtration through a
70 μm Easy Strainer (Falcon). Thereafter, cells were washed in PBS, and

a Percoll (GE Healthcare Life Sciences, Buckinhamshire, United
Kingdom) gradient was used to separate the cells based on their density.
The macrophage enriched cell layer was isolated from the interface
between densities of 1.023–1.053 g/mL.

2.2.1. Cell count
To determine the number of macrophages, a Beckman coulter

counter (Beckman Coulter Life Sciences, Indianapolis, IN) was used.
Macrophages were placed in 750 μL Roswell Park Memorial Institute
Medium (RPMI) 1640 Gibco (Life Technologies, Carlsbad, CA, USA).
Fetal calf Serum (FCS) (Greiner, Kremsmünster, Austria) was diluted
with dimethylsulfoxide (DMSO) (Merck, Burlington, MA, USA) in a 4:1
ratio respectively and was added to the cell suspension in a 1:1 ratio
and stored in liquid nitrogen (−180 °C) until analysis.

2.3. Flow cytometry

In order to thaw cells, cells frozen in liquid nitrogen were im-
mediately placed in a 37 °C water bath and swirled until a small piece of
ice was left in the vial. 4 mL of pre-warmed (37 °C) RPMI was applied
dropwise, the cell suspension was centrifuged, and the cell pellet was
resuspended into RPMI.

The cell suspensions were added to a 96-wells plate (Corning, New-
York, USA) and centrifuged, the RPMI supernatant was discarded, and
cells were incubated in the dark for 10min with 50 μL Fixable Viability
Stain (FVS) 620 (BD-Biosciences, Franklin Lakes, NJ, USA). To block
nonspecific binding of Fc receptors 50 μL 1% Fc block (BD-Biosciences,
Franklin Lakes, NJ, USA) with 10% mouse serum (Sanquin, Amsterdam,
the Netherlands) was added for 10min in the dark. Cells were in-
cubated with a dilution of the (extracellular) antibody mix for 30min at
4 °C in the dark (Table 1). To preserve the staining, cells were fixed
using 200 μL Fixsolution (BD-Biosciences, Franklin Lakes, NJ, USA) for
40min. FACS analysis was performed on a FACSVerseTM flow cyt-
ometer, (Becton-Dickinson and Company, Franklin Lakes, NJ, USA).
Beads were stained with a single monoclonal antibody to set compen-
sation (BD-Biosciences, Franklin Lakes, NJ, USA). To allow compensa-
tion of FVS, single stains were used (BD-Biosciences, Franklin Lakes, NJ,
USA). Gating strategy was based on negative controls and positive
populations (Fig. 1), and macrophage subsets (M1 and M2) and de-
cidual macrophages (CD50−) were characterized based on recent stu-
dies [16,39]. Data analysis was done using FlowJo v10 software. Due to
the low amount of cells that could be isolated, no fluorescence minus
one stains could be performed.

2.4. Statistical analysis

To determine whether levels of macrophage subsets differed statis-
tically significant between obese women and controls (i.e., BMI > 30
versus BMI < 25), and between the decidua parietalis and decidua
basalis a Mann-Whitney U test was used.

For the statistical analyses GraphPad Prism version 7.03 for
Windows 10 (GraphPad Software, CA, USA) was used. For all statistical
tests, a p-value of< 0.05 was considered significant.

Table 1
Macrophage antibody mix.

Antibody Conjugate Clone Dilution

FVS 620 PerCP-Cy5.5 1:50
CD45 APC-H7 2D1 1:20
CD14 BV510 MφP9 1:20
CD50 (ICAM3) PE TU41 1:50
HLA-DR APC G46-6 1:10
CD163 BV421 GHI/61 1:50
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3. Results

3.1. Characteristics of study population

In this study macrophages were isolated from decidual tissue of 20
pregnancies. Table 2 presents patient characteristics. Our control group
had a mean BMI of 21.1 kg/m2, whereas our obese group had a mean
BMI of 35.6 kg/m2. Apart from BMI (p < 0.0001), no differences in

patient characteristics were found between the two groups.

3.2. Lower levels of M1 macrophages in the decidua parietalis of obese
women compared to control women

Using FACS analysis, no differences in total macrophages
(CD14+CD45+) were found between the obese and control women in
the deciduas parietalis (Fig. 2B). However, percentages of pro-in-
flammatory M1 (HLA-DR+CD163−) macrophages were lower in the
total macrophage population (CD14+CD45+; p < 0.05; Fig. 2C,
Table 3), and in the decidual macrophage population
(CD50−CD14+CD45+; p < 0.01; Fig. 2E, Table 3) in obese women
compared to control women. Moreover, the geometric Mean Fluor-
escense Intensity (geo MFI) of the M1 marker HLA-DR showed a trend
(p=0.06) to be lower in obese women (Fig. 2F, Table 3). No differ-
ences were found for the levels of M1 in the non-decidual macrophage
population and also not in the levels of M2 (HLA-DR−CD163+) mac-
rophages in decidua parietalis between obese and control women
(Table 3).

3.3. Comparable levels of M1 macrophages in the decidua basalis of obese
and control women

Different to the macrophages in the decidua parietalis, there was a
difference in total macrophage levels between the obese and control
women, with lower levels of macrophages within the leukocytes in the

Fig. 1. Gating strategy to identify M1 and M2 macrophages. Single cells and living cells were gated using SSC and FSC (A-D). In the living cells leukocytes were
identified (CD45+) (E) and within the leukocytes population the decidual macrophages (CD50−CD14+) and non-decidual macrophages (CD50+CD14+) were
distinguished. Differentiation between M1 (HLA-DR+CD163−) and M2 macrophages (HLA-DR−CD163+) was done in HLA-DR vs. CD163 dotplots.

Table 2
Clinical characteristics of the study population.

Control group
BMI < 25 (n=10)

Obese group
BMI > 30 (n=10)

BMI (kg/m2) 21.1 ± 1.6 35.6 ± 3.6****

Age mother (years) 30.3 ± 4.4 28.2 ± 4.8
Gestational age at delivery (weeks) 40.2 ± 1.1 39.8 ± 0.9
Birth weight baby (gram) 3566 ± 615 3511 ± 480
Time between birth and isolation

(hours)
10.3 ± 8.3 14.2 ± 7.6

Parity 1.5 ± 0.7 2.4 ± 1.5
Fetal sex; boy/girl 5/5 6/4
Mode of delivery; vaginal/

secondary caesarean
9/1 10/0

Data were described as mean ± standard deviation and percentage for cate-
gorical variables.
BMI Body mass index. ****p < 0.0001 compared to control using Mann-
Whitney U test.
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obese women compared to the control women (Fig. 3B: p < 0.05). Also
different to the decidua parietalis no differences in M1 macrophage
levels (HLA-DR+CD163−) were found in the decidua basalis between
obese women and control women (Fig. 3, Table 3). Similar to the

decidua parietalis, the geo MFI of the M1 marker HLA-DR had a trend
(p=0.09) to be lower in the obese women compared to the control
women (Fig. 3F, Table 3). Similar to the decidua parietalis no differ-
ences were found for levels of M2 (HLA-DR−CD163+) macrophages

Fig. 2. Macrophages in decidua parietalis of women
with a BMI < 25 kg/m2 or with a BMI > 30 kg/m2.
Gating of M1 macrophages (HLA-DR+CD163−) and
M2 macrophages (HLA-DR−CD163+) in different
groups (A). Proportions of total macrophages
(CD14+) of leukocytes (CD45+) (B), proportions of
M1 macrophages (HLA-DR+CD163−) of total mac-
rophages (C), proportions of M1 macrophages of non-
decidual macrophages (CD50+CD14+CD45+) (D),
and proportions of M1 macrophages of decidual
macrophages (CD50−CD14+CD45+) (E). Geometric
mean fluorescence intensity (geo MFI) of M1 mac-
rophages of total macrophages (F). Symbols represent
values of individual decidua. Horizontal lines are
medians ± interquartile range. Analysis by Mann-
Whitney U test; *= p < 0.05, **= p < 0.01.

Table 3
Average percentages of macrophages.

Decidua parietalis Decidua basalis

Control group
BMI < 25 (n= 10)

Obese group
BMI > 30 (n= 10)

Control group
BMI < 25 (n= 10)

Obese group
BMI > 30 (n= 10)

Total macrophages/leukocytes 47.3 ± 24.3 51.9 ± 26.2 33.3 ± 13.0* 26.3 ± 10.5*

M1/total macrophages 5.3 ± 4.4* 4.3 ± 0.8* 15.6 ± 10.3 15.7 ± 9.3
M2/total macrophages 5.5 ± 2.3 5.5 ± 8.7 1.7 ± 1.9 2.0 ± 1.4
Decidual macrophages/total macrophages 84.22 ± 19.0 82.21 ± 19.2 8.3 ± 11.7 11.7 ± 13.2
M1/decidual macrophages 5.2 ± 2.8** 4.3 ± 1.4** 12.8 ± 5.0 14.1 ± 9.1
M2/decidual macrophages 6.1 ± 4.2 5.0 ± 3.8 10.1 ± 4.8 9.4 ± 4.6
Non-decidual macrophages 15.8 ± 19.1 17.8 ± 19.2 91.7 ± 11.7 88.3 ± 13.2
M1/non-decidual macrophages 6.3 ± 7.1 4.6 ± 4.1 14.5 ± 11.6 16.0 ± 8.7
M2/non-decidual macrophages 9.1 ± 10.7 12.9 ± 11.6 1.1 ± 1.2 1.0 ± 1.5

M1 is defined as HLA-DR+CD163− and M2 is defined as HLA-DR−CD163+. Data were described as median ± interquartile range. *p < 0.05, **p < 0.01 compared
to control using Mann-Whitney U test.
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between obese and control women (Table 3).

3.4. Higher levels of macrophages and macrophage subsets in the decidua
parietalis compared to the decidua basalis

To analyse the different macrophage mediated immune response in
the decidua basalis and parietalis we investigated whether levels of
macrophages and macrophage subsets differed between the decidua
parietalis and decidua basalis (Fig. 4, Table 3). The proportion of
CD14+ macrophages in leukocytes (CD45+) was nearly twice as high in
the decidua parietalis than in the decidua basalis (p < 0.001; Fig. 4B).
Within the total macrophage population (CD14+CD45+), the decidual
macrophage fraction (CD50−CD14+CD45+) was higher in the decidua
parietalis than decidua basalis (p < 0.001; Fig. 4C). M1 (HLA-
DR+CD163−) and M2 (HLA-DR−CD163+) macrophage levels differed
between the decidua parietalis and basalis with lower levels of M1
(HLA-DR+CD163−) macrophages in the decidua parietalis compared to
the basalis (p < 0.001; Fig. 4 CFI), and higher levels of M2 macro-
phages in the decidua parietalis compared to the basalis (p < 0.001;
Fig. 4 DGJ).

4. Discussion

In this study we showed that obese women with an uncomplicated
term pregnancy have lower levels of M1 (HLA-DR+CD163−) macro-
phages, considered to be pro-inflammatory, in the decidua parietalis
compared to the decidua parietalis of control women. These lower le-
vels of M1 (HLA-DR+CD163−) macrophages were accompanied by a
trend towards a lower geometric mean fluorescence intensity (geo MFI)
of the M1 marker HLA-DR. We also showed lower proportions of M1
(HLA-DR+CD163−) macrophages, and higher proportions of M2 (HLA-
DR−CD163+) macrophages in the decidua parietalis compared to the
decidua basalis.

Earlier studies have found higher levels of CD80+ macrophages in
obese adipose tissue [40–42], and higher levels of pro-inflammatory
cytokines IL-1, TNF-α and IL-6 in placental tissue of obese women have
been found [3–5,41]. Our findings of lower levels of M1 (HLA-
DR+CD163−) macrophages in the decidua parietalis of obese pregnant
women could be explained by several factors. Firstly, we did only in-
clude uncomplicated term pregnancies. The lower levels of M1 (HLA-
DR+CD163−) macrophages might therefore indicate a successful
compensatory mechanism for the increased inflammatory state in obese

Fig. 3. Macrophages in decidua basalis of women
with a BMI < 25 kg/m2 or with a BMI > 30 kg/m2.
Gating of decidual macrophages (CD50−CD14+) and
non-decidual macrophages (CD50+CD14+) in dif-
ferent groups (A). Proportions of total macrophages
(CD14+) of leukocytes (CD45+) (B), proportions of
M1 macrophages (HLA-DR+CD163−) of total mac-
rophages (C), proportions of M1 macrophages of non-
decidual macrophages (CD50+CD14+CD45+) (D),
and proportions of M1 macrophages of decidual
macrophages (CD50−CD14+CD45+) (E). Geometric
mean fluorescence intensity (geo MFI) of M1 mac-
rophages of total macrophages (F). Symbols represent
values of individual decidua. Horizontal lines are
medians ± interquartile range. Analysis by Mann-
Whitney U test; *= p < 0.05.
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individuals. It could be that in pregnancies in obese women in whom
this compensation mechanism fails, pregnancy will have a complicated
outcome. Secondly, our macrophage gating and classification strategy
differs from earlier studies. Based on recent studies we classified M1
and M2 macrophages based on HLA-DR or CD163 expression [16,39]. A
potential limitation of macrophage studies in general is the sometimes
troublesome characterization of macrophages in different subsets by
phenotypic markers. The gating strategy used in this study ensures two
different macrophage subsets without the existence of double cell po-
pulations. We found the lower levels of M1 (HLA-DR+CD163−) mac-
rophages in obese women both in the total macrophage population
(CD14+CD45+) and in the decidual macrophage population
(CD50−CD14+CD45+) in the decidua parietalis. These findings were
further strengthened with a trend towards lower geo MFI (p=0.06) of
the M1 marker HLA-DR in obese women in both decidual tissues.

Previous studies have indicated an inflammatory environment oc-
curring in obesity, such as higher levels of pro-inflammatory cytokines
IL-1, TNF-α and IL-6 in placental tissue of obese women [3–5,41], this
could indicate the need for compensatory mechanisms to ensure suc-
cessful pregnancy outcome. In obesity, adipose tissue macrophages
(ATM) are thought to be important in immune mediated obesity com-
plications [43]. These ATMs are known to differ from other tissue re-
sident macrophages, including (phenotypic) characterization [43]. The
role and function of these ATMs in pregnancy, and if these ATMs are
recruited into the placenta during pregnancy in obese women is, to our
knowledge, not known.

Earlier studies have also found differences between immune cell
levels in the decidua basalis and parietalis in pregnancy complications
[16,27,44]. A physiologic reason for differences in immune subsets, and
with that for the lower levels of M1 (HLA-DR+CD163−) macrophages
in the decidua parietalis we found, and the lack of macrophage differ-
ences in the basalis needs to be established. A role for decidual stromal
cells can be expected since these cells form the structures of both de-
cidua parietalis and decidua basalis [44]. It is also possible that the two
layers differ in homing and recruitment of macrophages which is
mediated by adhesion molecules, expression of molecules on tropho-
blast (such as HLA), and macrophage expression patterns itself. Future
studies are necessary to determine the mechanisms involved in the
regional trafficking of macrophages in the term decidua [45,46].
Solders et al. have hypothesized that a possible physiologic explanation
for differences in the decidua basalis and parietalis is the increased
vascularization in the decidua basalis [44]. This causes recruitment of
systemic immune cells and provides immunologic protection against
blood-related pathogens. The decidua parietalis has not such an in-
vasive vascularization and rather contains stationary distributed im-
mune cells, thought to be of importance in the prevention of mucosal
infectious agents [44]. This could result in a higher vulnerability of
macrophages in the decidua parietalis compared to decidua basalis
towards factors associated with obesity. The current study does indicate
different macrophage subsets in the decidua basalis and parietalis, as
the decidual macrophage fraction (CD50−CD14+CD45+) of the total
macrophages is significantly higher (> 10-fold) in the decidua

Fig. 4. Macrophages in decidua parietalis and decidua basalis. Gating of decidual macrophages (CD50−CD14+CD45+), non-decidual macrophages
(CD50+CD14+CD45+), M1 macrophages (HLA-DR+CD163−) and M2 macrophages (HLA-DR−CD163+) in both decidual tissues (A). Proportions of macrophages
(CD14+) of total leukocytes (CD45+) (B), M1 macrophages of total macrophages (C), M2 macrophages of total macrophages (CD14+CD45+) (D). Proportions of
decidual macrophages of total macrophages (E), M1 and M2 macrophages of decidual macrophages (F-G). Proportions of non-decidual macrophages of total
macrophages (H), M1 and M2 macrophages of non-decidual macrophages (I-J). Horizontal lines are medians ± interquartile range. Analysis by Mann-Whitney U
test; ***= p < 0.001, ****= p < 0.0001.
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parietalis compared to the decidua basalis. Previous studies have shown
that especially the CD50 negative macrophage fraction can be con-
sidered as decidual macrophages CD50 [24,25]. The exact physiologic
involvement for the differences found in macrophage populations needs
to be elucidated in further studies.

We identified differences in all investigated macrophage subsets in
the decidua parietalis as compared to the decidua basalis. These find-
ings suggest regional influences of trophoblasts on decidual cells. It also
supports the importance of investigating the two decidual layers sepa-
rately which is not performed in many studies [12,38,44,45]. Reg-
ulatory T cells (Tregs) have been demonstrated to be increased in the
decidua parietalis compared to decidua basalis [38,44]. Tregs induce
M2 macrophages by immune response inhibition via e.g. TGF-β and IL-
10 and this could cause the rise in active M2 macrophages in the de-
cidua parietalis [20,47]. As described above it has been hypothesized
that a possible physiologic explanation for differences in the decidua
basalis and parietalis is the increased vascularization in the basalis
[44].

The (spontaneous) onset of labor might also be a variable of im-
portance in the explanation of the found differences between the two
layers. In our study there was no difference in the percentage of labor
induction between the control and obese pregnant group. Recent stu-
dies show recruitment of pro-inflammatory macrophages to the cervix
and decidua in the peripartum period and decreased expression of the
chemokine CCL-18, known to induce M2 macrophages
[16,25,26,30,48]. Labor might induce morphological influx of specific
immune cells to the decidua parietalis, possibly related to the initiation
of labor [44,49]. This phenomenon is however not yet established for
the complete macrophage spectrum. A deeper understanding of the
immunological involvement of macrophage subsets in the decidua
parietalis and basalis might allow the development of strategies to
improve pregnancy outcome and more specific influence trophoblastic
immune regulation.

A potential limitation of macrophage studies is the sometimes
troublesome characterization of macrophages in different subsets. The
classic division in pro-inflammatory M1 and anti-inflammatory M2
macrophages is not as strict as suggested, and overlapping phenotypes
exist [29]. In mice adipose tissue, both M1 and M2 macrophage tran-
scriptional genes, associated with up regulation of both M1 and M2
profiles, are observed [50]. This suggests that the classic two subsets
symbolize the extremes of one cell population. In macrophages isolated
from first trimester decidual tissue, it is shown that macrophages are
not simply attributable to one subgroup or another [48]. In our popu-
lation high levels of macrophages positive for both markers were found
(HLA-DR+CD163+), this population was especially prominent in the
decidua parietalis, in which the macrophage population
(CD14+CD45+) consisted of the highest decidual macrophage fraction
(CD50−CD14+CD45+). Our results therefore confirm previous studies
in which it was shown that decidual macrophages are not simply at-
tributable to one subgroup of macrophages or another. A more precise
definition of macrophage subtypes by appropriate combinations of
antibodies and functional studies needs validation in future studies.

In this study only term placentas of uncomplicated pregnancies
were included. Therefore, the lower levels of M1 (HLA-DR+CD163−)
macrophages we found in the decidua parietalis of obese women could
be a compensatory mechanism towards the pro-inflammatory state as-
sociated with obesity. As obesity is associated with adverse pregnancy
outcomes, it could be that if this compensatory mechanism fails, an
adverse pregnancy outcome is imminent. Future studies analyzing the
mechanisms which determine if a pregnancy in an obese woman has a
healthy or complicated pregnancy outcome are needed.

5. Conclusion

In conclusion, maternal obesity is associated with lower levels of M1
(HLA−DR+CD163−) macrophages in the decidua parietalis. Further

studies have to elucidate if these lower levels of M1 macrophages in
obese women are a compensatory mechanism to compensate for in-
creased pro-inflammatory state in obesity. Since the decidua basalis and
decidua parietalis show different immunologic regulations of the mac-
rophage populations, this study indicates the importance of in-
vestigating decidual layers separately.
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