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Problem

The initiation of labor is accompanied by alterations in the level of

maternal immune tolerance toward fetal antigens. It is a complex

molecular response leading to a brief activation of the maternal immune

system with an accompanying capacity to restrict this same activation.

The aim of our study was to evaluate the subpopulation of regulatory T

cells (Tregs) and B7-H4 macrophages in the decidua basalis during cesar-

ean sections performed on patients in various stages of labor.

Method of study

The decidual tissue samples evaluated in our study were obtained from

23 pregnant women who underwent cesarean sections at term. More-

over, the patients were divided into three subgroups according to the

progression of labor at the time of the cesarean. The presence of Treg

cells and B7-H4 positive macrophages were analysed by fluorescence-

activated cell sorter.

Results

The percentages of FOXP3+ cells in the subpopulation of CD25+ CD4+ T

lymphocytes found in the deciduas of patients decreased with the suc-

cessive stages of labor, while the percentages of B7-H4 positive cells in

the macrophage subpopulation remained almost constant.

Conclusion

These changes in the Treg cell subpopulation in the decidua would seem

to be related to a brief activation of the maternal immune system as

labor begins and lack of analogical changes in the subpopulation of

decidual suppressive B7-H4+ macrophages that enable the restriction of

this same activation as labor progresses.
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Introduction

Human regulatory T cells (Tregs) play an important

role in immune tolerance and the negative regula-

tion of the immune response.1 Pregnancy is charac-

terized by maternal immune tolerance toward fetal

antigens, and the presence of Treg cells is pivotal for

the maintenance of pregnancy.2–7 Treg cell popula-

tion can be identified by CD4 and CD25 antigen

expression, and precise identification is now possible

by means of the transcription factor forkhead box P3

(Foxp3).8–10 Heikkinen et al. have demonstrated the

presence of Treg cells in the decidua and peripheral

blood in women throughout the trimesters of preg-

nancy.11. In a study by Tilburg et al., the percentage

of FOXP3+ cells within the CD4+ CD25+ lymphocyte

subpopulation in the decidua basalis remained con-

stant as pregnancy advanced from the second to

third trimester.12 It has further been demonstrated

that fetus-specific Treg cells are recruited to the

decidua from the periphery.12 The way of Treg-cell

activation is complex and related to the continuous

antigen stimulation of CD4+ CD25)cells leading to

the generation of adaptive CD4+ CD25+ FOXP3+ reg-

ulatory T cells.13 It has been observed that in mice

estrogen (17-beta-estradiol-E2) enhances Foxp3

expression in CD25+ T cells both in vitro and

in vivo.10 The number of Treg cells in human decidua

would therefore seem to be related to the status of

the microenvironment; it would also seem that the

decidual microenvironment itself undergoes impor-

tant changes during labor. The beginning of labor is

determined not only by the molecular changes in

maternal–fetal interface, but most likely also by the

activity of the fetal adrenals and related cofactors. As

the involvement of endocrine signals from the fetal

adrenals during the initiation of labor is well

known,14 we have focused our study on the decidual

microenvironment and regulatory immune cells that

can be found there. Certainly, the initiation of labor

is accompanied by alterations in the level of mater-

nal immune tolerance toward fetal antigens.15–29 It

is a complex molecular response leading to a brief

activation of the maternal immune system with an

accompanying capacity to restrict this same activa-

tion.1,18,20,22 An increase in lymphocyte activity dur-

ing labor has been observed18 as well as an

alteration in the distribution of natural killer (NK)

cells (CD56+ CD16+) and CD3 positive lymphocytes

in the decidua basalis derived from both spontane-

ous vaginal delivery and cesarean sections.16 At

term, a higher percentage of CD4+ CD25dim as also

CD4+ CD25bright T lymphocytes have been found in

the decidua parietalis than in the decidua basalis.30

Moreover, it has recently been suggested that the

maternal immune system is not solely responsible

for the proper initiation of labor, but that fetal mac-

rophages also play an important role in this pro-

cess.19 Fetal macrophages produce and secrete

interleukin (IL)-6 during the initiation of labor. IL-6

is responsible for the inhibition of Treg activity31 and

is necessary for the proper course of labor; its pres-

ence has been identified in the decidua and

amnion.32 For this reason, we have chosen the pro-

gression of labor as a research model for analyzing

the number of Treg cells in decidua. Other inhibitory

cells, such as CD8+ CD28) lymphocytes, have also

been analysed in the decidua basalis and the decidua

parietalis at term pregnancy.30 Until now, the pres-

ence of B7-H4 macrophages–cells responsible for the

cytotoxic cell inhibition – in the decidua during

labor had not been analysed. There are many molec-

ular similarities between the phenomenon of mater-

nal immune tolerance during pregnancy and that of

tumor escape from the host immune surveillance.2,33

The presence of Treg cells in the tumor microenvi-

ronment plays a key role in tumor development,

and B7-H4 macrophages have been identified among

the tumor-associated macrophages in the tumor

microenvironment.34,35 B7-H4 are co-stimulatory

molecules, and the membrane protein B7 family is

responsible for the negative regulation of T-cell-med-

iated immune response.36,37 Kryczek et al. have

shown that B7-H4 expression identifies a new sup-

pressive macrophage population in humans.35 He

has also observed that IL-6 and IL-10 cytokines stim-

ulate the expression of B7-H4 on macrophages. For

this reason, we have analysed the Treg cells and the

B7-H4 macrophages concurrently. The aim of our

study has been to evaluate the subpopulation of Treg

cells and B7-H4 macrophages in the decidua basalis

during cesarean sections performed on patients in

various stages of labor.

Material and methods

Patients

The decidual tissue samples evaluated in our study

were obtained from 23 pregnant women who under-

went cesarean sections at term. The women in our

study were selected from those undergoing such
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cesarean sections between January and December of

2007 in the Department of Gynecology, Obstetrics

and Oncology at the Jagiellonian University,

Krakow, Poland. The following conditions were indi-

cations for performing a cesarean: fetal malpresenta-

tion (mainly breech presentation), repeat cesarean

section, cephalopelvic disproportion, myoma, and

myopia. Furthermore, the patients were divided into

three subgroups according to the progression of labor

at the time of the cesarean (we have also used this

division in our recent studies concerning the regula-

tion of immune system activity during labor18,20,38)

Patients with multiple pregnancies or existing com-

plications of pregnancy (such as pre-term deliveries,

hypertension, and diabetes mellitus) were excluded

from this study, as were cases of fetal demise. The

tissue samples were obtained from patients during

curettage of the decidua basalis just after effecting

the placenta detachment during cesarean section.

From the obtained samples, mononuclear cells were

isolated and immediately frozen in a freezing med-

ium containing 10% DMSO, 5% albumin and 85%

of a cell culture medium.

The patient’s consent was obtained in each case.

Prior to the present study we also obtained the

approval of the Jagiellonian University Ethical Com-

mittee for our research program (KBET ⁄ 135 ⁄ B ⁄ 2007).

Decidual Mononuclear Cell Isolation

The decidua was cut into small fragments and

disintegrated by smashing it through a 40 lm cell-

strainer. The cells so obtained were then centrifuged

and the resulting pellet was subjected to ammonium

chloride lysis for elimination of contaminating red

cells. Following lysis, the cells were washed in phos-

phate-buffered saline (PBS). Thereafter, the cells were

re-suspended in PBS, counted, and used either imme-

diately for staining or frozen for future analysis.

Flow Cytometry

The cell phenotype was analysed with the panel of

monoclonal antibodies (mAb) – CD4 fluorescein

isothiocyanate (FITC), CD25 allophycocyanin (APC),

and FOXP3 phycoerythrin PE (BD Biosciences Phar-

mingen, San Jose, CA, USA). Briefly stated, to the

1 · 106 cells suspended in 60 lL of staining buffer

(PBS, 2% FBS), 20 lL of each mAb (CD4, CD25)

was added. Thereafter, the cells were incubated in

the dark for 30 min at 4�C. After incubation, the

cells were washed twice in PBS and were permea-

bilized with FoxP3 permeabilization buffer (BD

Biosciences Pharmingen) for 30 min at room tem-

perature in the dark and stained with anti-FOXP3

antibodies for 30 min at room temperature in the

dark. The stained cells were then washed and

collected using the FACSCanto-cytometer (BD

Biosciences Immunocytometry Systems, San Diego,

CA, USA), and finally were analysed with FACS

Diva software (Becton Dickinson). Each time,

3 · 104 events were saved for analysis. Logical gates

were used to analyse particular populations of cells.

The CD14 ⁄ B7-H4 cells were stained using mono-

clonal antibodies – CD14 FITC and B7-H4 P (Pharm-

ingen) – as were the Treg cells described above

except that the permeabilization step was omitted.

The analysis was also performed in the same way

and the percentage of CD14 ⁄ B7-H4 positive cells was

estimated in the whole population of isolated cells.

Statistical Analysis

The statistical significance between the groups was

determined by the anova test (the number of

lymphocytes) and by the Kruskal–Wallis analysis of

variance (clinical characteristics). The data was pre-

sented in terms of median value and intra-quartile

range (clinical characteristics) as well as in terms of

mean and standard deviation (the number of lym-

phocytes).

Result

Clinical Comparison of Analysed Groups of

Patients with Cesarean Section at Term with

Respect to the Progression of Labor

As there are different indications for performing a

cesarean section, it would seem to be important to

compare the parameters characterizing the course of

pregnancy and labor in the different groups of

patients considered (Table I).

We did not observe any statistically significant dif-

ferences in the clinical parameters among the groups

examined. The lack of differences in the clinical

parameters characterizing the course of pregnancy

enabled us to compare the respective percentages of

FOXP3+ cells in the subpopulations of CD25+ CD4+ T

lymphocytes as well as the respective percentage of

B7-H4+ cells in the subpopulation of CD14 positive

cells in the decidua basalis.

GALAZKA ET AL.

American Journal of Reproductive Immunology 61 (2009) 136–146

138 ª 2009 John Wiley & Sons A ⁄ S



The Analysis of the CD25+ CD4+ FOXP3+

T-regulatory Cells and Suppressive B7-H4+

Macrophages in Decidua with Respect to the

Progression of Labor

The changes in the percentage of the subpopulation

of immune cells in the decidua basalis were identi-

fied according to the successive stages of labor. The

study group of patients who underwent cesarean

sections at term was divided into three subgroups

according to the degree of uterine cervical ripening

and the presence of uterine contractions during the

surgical procedure. Group A consisted of patients

without any uterine contractions and with closed

uterine cervical os (i.e. ‘cesarean without labor’);

group B consisted of patients with irregular uterine

contractions or who were beginning regular uterine

contractions with a cervical dilation between 1 and

3 cm (i.e. cesarean section with the spontaneous

beginning of labor); group C consisted of patients

with regular uterine contractions and a cervical dila-

tion above 3 cm (i.e. ‘cesarean with advanced labor’)

(Figs 1 and 2).

We found a statistically significant lower percent-

age of FOXP3+ cells in the subpopulation of

CD25+ CD4+ T lymphocytes in the decidua basalis

when the cesarean section was performed during

advanced labor (C) in comparison with that when

the cesarean section was performed without labor

(A) (respectively P = 0.02). The percentage of

CD25+ CD4+ FOXP3+ T lymphocytes decreased with

the successive stages of labor, but the difference in

the percentage of these cells found in the decidua

between patients on whom the cesarean sections

were performed after the spontaneous beginning of

labor (B) and on whom the cesarean sections were

performed during advanced labor was not statisti-

cally significant (P = 0.055).

We have noted a comparable percentage of CD4+

lymphocytes T in the following groups of patients in

accordance with the progression of labor [respec-

tively as follows: group A – 23.28% (±5.98); group

B – 29.04% (±6); and group C – 22.94% (±8.04)].

Additionally, we have also observed a comparable

percentage of CD4+ CD25+ cells within the CD4+ T

lymphocyte subpopulation in these groups [respec-

tively group A – 2.6% (±3.33); group B – 3.21%

(±2.05); and group C – 97% (±4.23)] (Fig. 3).

No differences in the percentages of the decidual

B7-H4 positive cells in the subpopulation of CD14

positive cells were found among the tissue samples

derived from patients who had undergone caesare-

ans at different stages of labor (Fig. 4).

Discussion

The percentages of FOXP3+ cells in the subpopula-

tion of CD25+ CD4+ T lymphocytes found in the

decidua basalis of patients decreased with the succes-

sive stages of labor, while the percentages of B7-H4

positive cells in the macrophage subpopulation

remained almost constant.

To our knowledge, this is the first investigation to

focus on the alterations in Treg cells in the decidua

relative to the progression of labor. Tilburg et al.

have investigated the distribution of Treg CD25+

CD4+ lymphocytes in the decidua basalis, decidua

parietalis, and peripheral blood in women in early

pregnancy (between 17 and 24 weeks) and at term

(up to week 37).30 Although the FOXP3 antigen has

not been used for the identification of these cells,

two types of lymphocytes were distinguished,

CD4+ CD25bright and CD4+ CD25dim. In this study,30

the percentage of CD4+ CD25bright T lymphocytes in

both the decidua basalis and decidua parietalis

remained constant throughout the course of

Table I Clinical Characteristics of Patients Who Underwent Cesarean Section at Different Stages in the Progression of Labor

Variables

Cesarean section

without labor

(n = 5)

Cesarean section with

symptoms of spontaneous

beginning of labor (n = 9)

Cesarean section

with advanced

labor (n = 9) P-value

Maternal age (mean ± S.D.) 26.14 ± 3.23 28.8 ± 4.54 28.4 ± 3.13 0.82

Parity (median ± S.E.M.) 1 ± 0.13 1 ± 0.19 2 ± 0.19 0.42

Gestational age (mean ± S.D.) 37.8 ± 2.03 37.6 ± 1.83 38.6 ± 2.07 0.5

Newborn mass (average ± S.D.) 3224.2 ± 368.9 3028 ± 417.6 3510 ± 439.3 0.65

Apgar score, 1 min (median ± S.E.M.) 9 ± 0.13 9 ± 0.18 9.5 ± 0.12 0.8

S.D., standard deviation.
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pregnancy. In early pregnancy, there was no differ-

ence between the percentage of these cells in the

decidua basalis and those in the decidua parietalis. At

term, however, the percentage of CD4+ CD25bright T

lymphocytes was statistically significantly higher in

the decidua parietalis than in the decidua basalis.30

Next, Tilburg et al. presented an analysis of the per-

centage of FOXP3+ cells within the subpopulation of

both CD4+ CD25bright and CD4+ CD25dim T lympho-

cytes, but did not identify any differences in the dis-

tribution of these cells in the decidua basalis when

compared with the decidua parietalis at term. More-

over, no differences in the percentage of these cells

were observed between the second and third trimes-

ters of pregnancy.12 In our study, only the lympho-

cytes infiltrating the decidua basalis were analysed.

Like Tilburg et al., we identified a comparable per-

centage of CD4+ CD25+ T lymphocytes in decidua ba-

salis12,30 and additionally found that the percentage

of these cells did not differ as labor progressed. In

contrast to Tilburg, who in his study analysed

healthy women after uncomplicated pregnancies

without noting the stage of the labor in which the

decidual samples were collected, we analysed decidua

obtained during cesarean sections performed during

the various stages of labor. Decidua obtained during

the various stages of labor can provide the necessary

information to establish a research model for the

analysis of the molecular changes that occur in the

decidua basalis as labor progresses (Such a research

model was also applied in our previous studies con-

cerning the molecular changes in the decidua during

labor18,20,38) As we evaluated the presence of Treg

cells during three different phases of the first stage of

the labor, we were able to demonstrate a decrease in

the number of FOXP3 positive cells within the

CD4+ CD25+ lymphocyte subpopulation, as the labor

advanced.

The initiation of labor is related to the activity of

the maternal immune system as well as to the fetal

immune response. TGF-beta is a pivotal cytokine in

the conversion of CD4+ CD25) lymphocytes into

(a)

(b)

Fig. 1 Staining of Treg cells and suppressive macrophages in decidua. (a) Intra-cellular staining CD4 ⁄ CD25 ⁄ FOXP3. P1 – lymphocyte gate; P2 –

CD4+ CD25+ population. (b) Surface staining CD14 ⁄ B7-H4. P1 – lymphocyte gate; P5 – monocyte gate.
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(a)

(b)

(c)

Fig. 2 Intra-cellular staining CD4 ⁄ CD25 ⁄ FOXP3 relative to the progression of labor (a) cesarean without labor; (b) cesarean section with spontane-

ous beginning of labor; (c) cesarean with advanced labor. Cells were gated from lymph gate. P2 – CD4+ CD25+ population; P3 –

CD4+ CD25+ FOXP3+ population.
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CD4+ CD25+ FOXP3+ T cells. An observed increase

in the TGF-beta1 concentration level in the maternal

blood in late pregnancy was significant; however,

this level did not alter as labor progressed. This has

been confirmed through the analysis of TGF-beta1

secretion by decidual leukocytes that spontaneously

Fig. 3 The results of the analysis of the per-

centages of FOXP3+ cells in the subpopulation

of CD25+ CD4+ T lymphocytes in decidua

basalis relative to the progression of labor in

patients on whom cesarean sections were

performed (Group A – cesarean without labor;

group B – cesarean section with spontaneous

beginning of labor; group C – cesarean with

advanced labor).

Fig. 4 The results of the analysis of the per-

centages of B7-H4 positive cells in the decid-

ual CD14 positive cells subpopulation in

relation to the progression of labor in patients

on whom caesarean sections were performed

(Group A – cesarean without labor; group B –

cesarean section with the spontaneous

beginning of labor; group C – cesarean with

advanced labor).
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secrete TGF-beta1 at a constant level, both with and

without labor.39 The level of TGF-beta1 concentra-

tion in the umbilical blood did change, however, as

labor progressed.40 Consequently, we know that the

TGF-beta1 concentration level at the maternal–fetal

interface may change as labor advances. TGF-beta-

induced Treg cells can be inhibited under IL-6

influence, and a dichotomy Treg ⁄ Th17 is moved into

pro-inflammatory T-cell response related to Th17

cell.41 Steinborn et al. have demonstrated that fetal

macrophages secrete IL-6 during labor and that this

cytokine is also produced by fetal membranes.19

Such an immune system reaction is necessary for

the initiation of labor, and this has been confirmed

by many studies.15–18,29

It has also been demonstrated that

CD4+ CD25bright T cells are able to inhibit both the

specific and non-specific immune responses in a

dose-dependent manner.12 Changes in the number

of cytotoxic immune cells during the menstrual cycle

with the infiltration of NK cells in decidua have also

been found.42 Arruvito et al. have observed an

increase in the percentage of FOXP3+ cells in the

subpopulation of CD4+ CD25+ T cells in the periph-

eral blood in women just ahead of ovulation4,24 and

a decrease in the percentage of these cells in women

with recurrent spontaneous abortion. Treg cells have

also been shown to inhibit NK cells and to induce

lower expression of NKG2D receptor on NK

cells;43,44 the changes in the NK cell population dur-

ing labor have been already demonstrated.16 Altera-

tions in the number of Treg cells in the decidua are

most likely related to the increase in immune cyto-

toxic cell activity necessary for the proper course of

labor.

The changes in the decidua microenvironment

during the initiation of labor are probably responsi-

ble for the observed decrease in the subpopulation

of Treg cells. However, the factor responsible for the

restriction of the maternal immune system activity

that increases with the initiation of labor is not clear.

In our previous study, one of the mechanisms

observed to restrict the maternal immune system

activity was the increase in the inhibitory activity of

the decidua that is related to membrane proteins

expressed by decidual cells and secreted to the feto-

placental microenvironment.20,22,45 In the current

study, we have observed the presence of B7-H4

macrophages at the maternal–fetal interface. To our

knowledge, this is the first investigation to focus on

the presence of B7-H4 suppressive macrophages in

the decidua relative to the progression of labor. Up

until now, the presence of these cells had been iden-

tified in the tumor microenvironment.34,35 The

expression of the B7-H4 molecule on macrophages is

induced by IL-6.34 It has been confirmed in in vitro

study that the presence of Treg cells sensitizes mac-

rophages to the action of IL-6 and subsequent B7-H4

expression.34 The B7-H4 molecule shares 23%

sequence identity with CD80 and CD86, but does

not possess a CTL-4 ⁄ CD28 binding site, nor does it

bind CTLA-4 or CD28.46 The B- and T-lymphocyte

attenuator that is the member of CD28 family is

probably a ligand for this molecule.47 B7-H4 inhibits

T cells by cell cycle arrest and the inhibition of cyto-

kine production. B7-H4 action is mediated in a fash-

ion similar to that of CTLA-4. In sum, the B7-H4

molecule constitutes a checkpoint for the negative

control of T cells.46

The analysis of the presence of macrophages

(CD14 positive cells) in the decidua did not reveal

any differences in the CD14+ cell subpopulation

when samples from patients experiencing vaginal

labor were compared with those from the women

undergoing cesarean sections.48 The alterations in

macrophage activity, as measured by such antigens

as CD80, CD86, and HLA-DR, have been docu-

mented in this study as being associated with the

development of pregnancy, and their activity has

been shown to be significantly higher during the

second than during the third trimester of preg-

nancy.48 The lack of alterations in the percentage of

B7-H4 positive cells in the subpopulation of CD14

positive cells observed in our current study may

account for the restriction of the immune cell action

that is initiated as the labor–homeostatic mechanism

in the reproductive tract is set in motion. The fetus

probably actively participates in this process by pro-

ducing IL-6. The development of immune tolerance

during pregnancy thus seems to require a combina-

tion of regulatory mechanisms. Moreover, the

restriction of immune-cell response connected with

the progression of labor is a complex phenomenon

related to the function of both the maternal decidua

and the fetal immune system.

Conclusion

These changes in the Treg cell subpopulation in

decidua would seem to be related to a brief activa-

tion of the maternal immune system as labor begins

and a lack of analogical changes in the subpopula-
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tion of decidual suppressive B7-H4+ macrophages

that enable the restriction of this same activation as

labor progresses. This could indicate that the

immune processes that occur during labor require a

combination of regulatory mechanisms.
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