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Progesterone acts as an immunosteroid by contributing to the establishment of a pregnancy-protective
milieu. It seems that it is the responsibility of progesterone to evade the inflammatory events that lead
to parturition. T regulatory lymphocytes (Treg cells) could further explain the inhibition of the inflam-
matory mechanisms that lead to labour through the rapid action of progesterone on this cell subset. We
investigated Treg cells and the membrane progesterone receptor o (mPRa) in these immune cells with
in relationship to human parturition. This pilot cohort study was conducted in a single-centre tertiary

{Z{, ‘:IVV‘Z:LSS obstetrical unit with 20 normal pregnant women. Variation in the absolute and relative frequency of
Labour CD4* T cells, Treg cells, and of mPR** Treg cells was calculated by flow cytometry on three occasions
Progesterone (second and third trimesters; delivery day). Our results show that during normal pregnancy there is a
mPRa generalised increase in Treg cells and mPR¥* Treg cells, from the second to the third trimesters (23.4% vs.

Tregs 52.3% and 4.3% vs. 8.3%, respectively). On the contrary, on delivery day, compared with the values in the
Pregnancy third trimester, there is a sudden decrease in both Treg cells (52.3% vs. 17.4%) and mPR¥* Treg cells (8.3%
vs. 6.1%). Our findings suggest that human labour may develop as a consequence of a decline in mPR**

Treg cells, which reduces progesterone anti-inflammatory action through Treg cells.

© 2015 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

In human species, contrary to other mammals, serum proges-
terone levels steadily increase throughout pregnancy, without any
decline on delivery day, postulating the existence of a special mech-
anism for determining the timing of human labour (Byrns, 2014).
Some of the mechanisms that have been proposed include changes
in progesterone metabolism within target tissues and changes in
progesterone receptor isoforms. Hence, an insufficient level of pro-
gesterone ligands in target tissues appears to be a determining
factor for human parturition, despite the high levels of circulating
progesterone (Byrns, 2014).

Implantation and parturition are specifically characterised by
mechanisms of local inflammatory activity, with an influx of
immune cells into the decidua to promote the recrudescence of
an inflammatory process (Norman et al., 2007; Van Mourik et al.,
2009; Thaxton et al., 2010). Accordingly, it is commonly accepted
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that the act of giving birth is the final step in a proinflammatory
signalling cascade that is orchestrated by an intrauterine milieu
coupled with hormonal cues, both in term and preterm deliveries
(Thaxton et al., 2010).

Progesterone plays a central role in the establishment and
maintenance of human pregnancy, exerting its effects by binding
and activating progesterone receptors (Zachariades et al., 2012).
It appears to be the responsibility of progesterone to contain the
inflammatory events that lead to parturition, such as cervical ripen-
ing, rupture of membranes and uterine contractions (Byrns, 2014).
Additionally, the immunosuppressive effects of progesterone have
been well described and several rapid, non-genomic actions of pro-
gesterone on lymphocytes have beenreported (Ndiaye et al., 2012).

T regulatory (Treg) lymphocytes constitute about 5% of the
peripheral CD4* T-cell population and are recognised as a major
cell subset at peripheral immune tolerance, having a suppressive
effect on inflammatory responses (Leber et al., 2010). In fact, the
properties and behaviour of Treg cells confer on them the capac-
ity to perform unique functions in the events of reproduction and
pregnancy (Guerin et al., 2009).

Progesterone is a crucial hormone in the female reproductive
tract (Polese et al., 2014) whose actions on T cells are still under


dx.doi.org/10.1016/j.jri.2015.10.002
http://www.sciencedirect.com/science/journal/01650378
www.elsevier.com/locate/jreprimm
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jri.2015.10.002&domain=pdf
mailto:analuisareia@gmail.com
dx.doi.org/10.1016/j.jri.2015.10.002

A. Areia et al. / Journal of Reproductive Immunology 113 (2016) 22-26 23

dispute (Lee et al., 2012), though the association between Treg cells
and progesterone levels has been confirmed during human preg-
nancy. In fact, progesterone increases not only the proportion of
Treg cells, but also their suppressive capacity (Mjosbergetal.,2009;
Mao et al., 2010; Weinberg et al., 2011).

Moreover, membrane progesterone receptors (mPR) are
expressed in high levels in human peripheral blood T lymphocytes,
and their levels seem to change in labour (Dressing et al., 2011;
Ndiaye et al., 2012). These receptors may be responsible for the
rapid non-genomic actions of cellular activation carried out by pro-
gesterone (Zhu et al., 2008, Dressing et al., 2011), the interaction of
progesterone with the immune system (Larsen and Hwang, 2011)
and therefore parturition.

The most thoroughly studied mPR, mPRa, is downregulated
in term and preterm labour (Fernandes et al., 2005). Accordingly,
mPRa constitutes an appropriate target for explaining the connec-
tion of progesterone to Treg cells, and their subsequent actions
on labour. We investigated the role of mPRa in the association of
progesterone and immune cells with human parturition.

2. Materials and methods
2.1. Population

We undertook a pilot study consisting of a cohort of 20 normal
pregnant women attending prenatal appointments at our Obstet-
rics Unit, from December 2013 to December 2014.

Inclusion criteria consisted of healthy pregnant women with-
out pre-existing diseases attending normal prenatal appointments
at our unit and with singleton pregnancies and first prenatal
appointment before the 14" week of gestation. Gestational age was
assessed by first-trimester ultrasound.

Peripheral blood samples were obtained on three occasions: in
the second trimester (14-28 weeks); third trimester (>28 weeks)
and on the day of delivery (immediately before delivery). The Eth-
ical Committees of the Faculty of Medicine of the University of
Coimbra (registration number CE-151/2011; issued in 31/01/2012)
and of the Coimbra University Hospital (registration number CHUC-
008-12; issued in 02/05/2013) approved the investigation, and
informed consent was obtained from each participant.

2.2. Specimen collection

Peripheral venous blood samples were obtained and collected
in lithium heparin tubes. Samples were kept in a cool environment
until they were processed, within one hour of collection, whenever
possible.

2.3. Flow cytometry

In brief, 100 L of whole blood containing 0.5 — 1 x 108 white
blood cells were placed in an appropriate test tube and stained to
localise the mPRa receptor on the cell surface, using the N-terminal
mPRa antibody as described by Thomas etal.(2007). Cells were first
incubated in a blocking solution (0.5% bovine serum albumin in
phosphate-buffered saline solution) for 30-60 min and then incu-
bated with the mPRa antibody (Santa Cruz Biotechnology, Dallas,
TX, USA) at room temperature for a further 30-60 min. Cells were
washed with 0.5% bovine serum albumin in phosphate-buffered
saline and incubated for 30 min with Cruz Fluor 488 goat anti-rabbit
IgG secondary antibody (Santa Cruz Biotechnology), at room tem-
perature in the dark. Cells were washed with a 0.5% bovine serum
albumin solution in phosphate-buffered saline, and the surface
was stained with PB-conjugated anti-CD4, PE-Cy7-conjugated anti-
CD25 and PerCP-Cy5.5-conjugated anti-CD127 (Biolegend, San
Diego, CA, USA). The intracellular staining for Foxp3 detection was

done using the staining set from eBioscience (San Diego, CA, USA)
and AF647-labelled anti-human Foxp3 (Biolegend), following the
manufacturer’s instructions.

Flow cytometry data were acquired on a FACS Canto Il instru-
ment (BD Biosciences, San Jose, CA, USA) equipped with three
lasers to allow multicolour detection with different fluorophores,
using FACS DIVA software (BD Biosciences). Lymphocyte popula-
tions were selected according to the scattering signal in the forward
angle (FSC-A) and side angle (SSC-A), and at least 50,000 gated
lymphocyte cells were detected for each sample. Dead cells were
excluded by forward and side scatter characteristics and a FSC-A vs.
FSC-H dot plot was used to discriminate doublets, detecting dispar-
ity between cell size and cell signal. Isotype control antibodies were
used to help to assess the level of background staining, in addition
to samples without staining and a single stain, for each antibody.

2.4. Treg analysis and mPRx expression

The regulatory T-cell population was defined as being
CD4*CD25MghCD127'9WFoxp3*, although the literature varies
when considering markers for the exact phenotype of a Treg cell
population (Lastovicka, 2013). For the isolation of the specific lym-
phocyte population, CD4* T cells were first gated and CD25 and
CD127 expression was analysed. Therefore, gating strategies were
employed to evaluate the percentage of Treg cells and the percent-
age of Treg cells positive for mPRa.

Our gating strategy for identifying the Treg population was
based on a total lymphocyte gate based on FSC/side-scattered light
(SSC) dot plot followed by doublet discrimination with an FSC-
A vs. FSC-H dot plot. Accordingly, CD4-positive cells were gated
over SSC characteristics; depending on CD25 and CD127 expres-
sion, CD4" cells were gated based on the expression of CD25Migh and
CD127'°% markers and therefore the CD4*CD25hghCD127!°% pop-
ulation was detected. We moved on to the CD4*CD25MghCD127'ow
population, and also searched for Foxp3*cells. In the regulatory T-
cell population, the mPR¥* subset was identified and characterized
by percentage.

Flow]o software (Tree Star Data Analysis Software, Ashland, OR,
USA) was used for flow cytometry analysis. We also performed an
absolute count of each population based on the number of lympho-
cytes present in the complete blood count.

2.5. Statistical analysis

Data were analysed using IBM® SPSS statistics 21 software
(IBM® Corporation, New York, NY, USA) and quantitative results
are expressed as mean + standard deviation (SD) or median and
interquartile range (IQR). For the comparative analysis among
groups, one-way ANOVA was performed for comparison among
three groups with Bonferroni correction among normal distribu-
tions, while in skewed distributions the Kruskal-Wallis test was
performed. Statistical significance was considered for a two-sided
p value <0.05 and there were no missing values in our analysis.

3. Results

A total of 60 peripheral venous blood samples were col-
lected in our population of 20 normal pregnant women. The
mean age was 28.8+5.3 years and 70% were nulliparas. Sam-
ples were also retrieved in the second trimester (mean gestational
age of 20.6 & 1.5 weeks), third trimester (mean gestational age of
31.8+£2.2 weeks) and on delivery day (mean gestational age of
39.2 +£1.97 weeks). The data are summarised in Tables 1 and 2 and
are represented in Fig. 1.

The results show that CD4* T cells in the total lymphocytes had
a significant decrease in the third trimester in comparison with
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Table 1
Clinical data.

Variable Normal pregnancy

Age (years)

Mean + standard deviation 28.8+5.3
(Min-max) (20-37)
Gestational age (weeks)
Mean + standard deviation
e Second trimester 206+1.5
e Third trimester 31.8+2.2
e Delivery 39.2+1.97
Caucasian (n, proportion) 18 (90%)
Nullipara (n, proportion) 14 (70%)
Previous preterm birth (n, proportion) 2(10%)
Tobacco use (n, proportion) 2(10%)
Medical complications (n, proportion)? 1(5%)
Baby birthweight (grams)
Mean + standard deviation 3253 +456.7

(Min-max) (2020-4000)

2 Gestational diabetes mellitus controlled with diet and physical exercise.

Table 2
Analysis of different blood T-cells populations among normal pregnancy.
Blood populations Second Third Delivery p
trimester trimester
CD4* percentage
e Mean+SD 448 +9.7* 32.7+183" 44.1+16.0 0.04*

CD4* absolute number ?
e Median 838 480 670 0.2**
450-1358 134-964

e IQR 396-1363

Tregs " percentage

e Median 234 52.3 17.4 0.003**
e IQR 14.4-47.2 31-86 9.3-38

Tregs  absolute number ?

e Median 6.5 15.2 13.8 0.2**
e IQR 0.2-23 2.8-33 5.7-32.9

Tregs ® mPR** percentage

e Median 43 83 6.1 0.05**
e IQR 0-10 4.4-90 2.6-17.7

Tregs ® mPR** absolute number ?

e Median 0.09 14 0.4 0.02**
e IQR 0-1.2 0.9-2.8 0.1-34

Data are presented as mean and standard deviation (SD) and median with interquar-
tile range (IQR).
* Significant mean difference between two groups at the 0.05 level using ANOVA
(multiple comparisons using Bonferroni correction).
** Non-parametric tests (Kruskal-Wallis) with a significance level of 0.05.

2 Number cells/pl blood.

b Tregs: CD4*CD25MehCD127'°" Foxp3*.

the second trimester, both in percentage (32.7% vs. 44.8%; p = 0.04),
and it absolute number (480 vs. 838 cells/l; p=0.2). On the con-
trary, there was an increase in delivery day samples compared with
the third trimester (from 32.7% to 44.1%; p=0.2 and from 480 to
670 cells/wl; p=0.2).

The Treg cell population augmented from the second to the
third trimester of pregnancy, both in terms of percentages (23.4%
vs. 52.3%; p=0.003), and in terms of absolute number (6.5 vs.

15.2 cells/wl; p=0.2). However, a statistically significant decrease
in their percentage from the third trimester to delivery day samples
could be perceived (52.3% vs. 17.4%; p=0.003).

As in the Treg cell population, the expression of mPRY* Treg
cells at these three precise times of pregnancy also rose from the
second to the third trimester (4.3% vs. 8.3% and 0.09 vs. 1.4 cells/p.l;
p=0.02), with a decline in delivery day samples (8.3% vs. 6.1% and
1.4 vs. 0.4 cells/pl; p=0.02).

4. Discussion

Progesterone withdrawal is a key event in the parturition pro-
cess in all the species studied so far (Mesiano et al., 2011). The
human species is exclusive because progesterone levels remain
sustained during pregnancy and labour, which prompted several
investigators to study the triggering of human labour. In fact, the
prevailing theory postulates that human parturition involves func-
tional, rather than systemic, progesterone withdrawal (Mesiano
et al., 2011) and in a previous report, our group demonstrated the
existence of mPRa in the Treg cell pool throughout human preg-
nancy (Areia et al., 2015).

Our results demonstrated that in normal pregnancy there is a
higher percentage and absolute number of Treg cells in the third
trimester (52.3% and 15.2 cells/ul), followed by a corresponding
protective role against maternal immune reactions and labour, as
depicted in the literature (Xiong et al., 2010). Nevertheless, the vari-
ation in the number of Treg cells during the three trimesters of
normal human pregnancy is still under debate, with some authors
reporting a rise in the first trimester with a peak in the second
trimester (Xiong et al., 2010), whilst others say there is a reduc-
tion in the second trimester (Saito et al., 2010; Teles et al., 2013).
Moreover, our investigation observed a decline in Treg cells on the
delivery date (to 17.4% and 13.8 cells/.l), confirming recent data
that indicated a significant decrease in Treg cells expressing Foxp3
in women in labour at term and corroborating the fact that Treg
cells seem to play a role in the immunological changes preceding
labour (Guerin et al., 2009; Schober et al., 2012).

The present research also showed that the highest Treg cell
mPR** percentage and absolute number in normal pregnancy was
obtained in the third trimester (8.3% and 1.4 cells/pl, respectively),
with a decrease on delivery day, both in percentage (8.3% vs. 6.1%)
and absolute number (1.4 vs. 0.4 cells/l). Comparable to our find-
ings, preceding investigations revealed that mPRo messenger RNA
reached a peak in mid-pregnancy, with a reduction at the end
of pregnancy, warranting further investigation to confirm these
results (Dressing et al., 2011).

Consequently, this research may provide possible clarification
for the reduction in the anti-inflammatory action of progesterone,
which prompts labour, despite normal systemic progesterone lev-
els (functional withdrawal).

Some authors have indicated a significant decrease in CD4* T
cells within the total leukocyte pool during spontaneous labour,
which could indicate that a strong immune stimulation and subse-
quent apoptosis of the activated CD4* T cells may occur during that
specific time (Schober et al., 2012). When comparing our results
with those published in the literature, this population showed
an increase on delivery day in relation to the third trimester (to
44.1% + 16.0%), returning to levels similar to second-trimester val-
ues, in contrast to the published data. This may be explained by the
fact that our measurements were undertaken before the alleged
aforementioned apoptosis occurred. Thus, these findings underline
the importance of further investigation to define the exact role of
this population in order for labour to progress.

This is a piece of primary research concerning the variation
of specific T-cell subsets at three defined obstetrical moments
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Fig. 1. Box plots representative of the percentage variation in the different blood populations studied in normal pregnancy.
T: Trimester. A: CD4* percentage; B: CD4*CD25M"g"CD127'°% percentage; C: Treg cells percentage; D: mPR** Treg cells percentage.

(second trimester, third trimester and delivery day). From this ini-
tial approach, the fact that on delivery day all blood populations
demonstrated completely different numbers from third-trimester
values strengthens the theory of the existence of an immune trig-
gering process that induces human labour.

Nevertheless, there are limitations in our study that need to
be considered. The different antibody panel chosen to characterise
our Treg cell population is controversial and the small sample size
means that our conclusions should be inferred with caution, with
the need for further investigation in this field with a higher number
of pregnant women. Also, the corroboration of these results using
other laboratory techniques, namely Western Blot and RT-PCR, is
required.

In conclusion, this investigation suggests that normal human
labour might be related to a reduction in mPR** Treg cells, which
reduces the probable anti-inflammatory action of progesterone
through Treg cells, releasing the inflammatory cascade of cervi-
cal ripening, rupture of membranes and uterine contractions. This
raises the possibility of the decline in progesterone receptor mPRa
as the reason for the functional withdrawal witnessed in term
labour.
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