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Abstract

Objectives: The aim of this study was to determine if 
the actions of progesterone on preterm labor are accom-
plished through modulation of the percentage of regula-
tory T-cells (Treg).
Methods: The study was a cohort pilot study made in 
a single center tertiary obstetrical unit with women in 
preterm labor arrested with tocolytic treatment. Variation 
of the number and percentage of Treg cells obtained from 
peripheral blood samples of women with preterm labor 
were calculated by flow cytometry, before and after pro-
gesterone administration.
Results: In the paired samples for each patient, there was 
a significant difference in the Treg cell pool after proges-
terone treatment, with an increase in both their percent-
age (48.9 vs. 53; P = 0.07) and absolute number (14.8 vs. 
56.5 cells/μL; P = 0.046).
Conclusions: This research demonstrated a considerable 
increase in the Treg cell pool after progesterone treatment. 
This indicates a possible mechanism for progesterone 
treatment benefits in preterm labor, potentially increasing 
its more rational use.
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Introduction
Approximately 12%–13% of pregnancies in the USA and 
5%–9% in other developed countries end prematurely, 
often as a result of contractions that cannot be inhibited 
by tocolytic treatment [1]. Perinatal mortality from preterm 
labor (PTL) reaches 75% [2] and it seems to be linked to 
high levels of inflammatory cytokines [3].

Inflammatory pathways stimulate events that lead 
to parturition such as cervical ripening, rupture of mem-
branes and uterine contractions [2], and premature acti-
vation of these inflammatory cascades is thought to be 
responsible for the initiation of PTL [1].

Currently it is not known whether immunological 
rejection processes participate in the induction of irre-
sistible preterm labor [1], although the host’s immune 
response is presumed to lead to the inflammatory response 
and preterm labor [4].

CD4+ T-cells are important agents in the establish-
ment of pregnancy, and the Th1/Th2 paradigm has been 
expanded to include CD4+ regulatory T (Treg) cells [5]. 
Treg cells represent about 5% of the peripheral CD4+ T-cell 
population and are recognized as a major cell subset at 
peripheral immune tolerance. They have a suppressive 
effect on inflammatory responses and are one of the can-
didates to explain maternal tolerance mechanisms regard-
ing the conceptus [6].

First considered to be a homogeneous population, 
Treg cells are now recognized as having two distinct path-
ways of generation distinguished by having different 
antigen specificities and T-cell receptor signal strengths 
and co-stimulatory requirements. The two main groups 
of Treg cells are natural Treg cells (nTreg ) and induced 
or adaptive Treg cells (iTreg ) [7]. nTreg cells generated in 
the thymus in a continuous mode by a selection process 
[6] express high levels of the IL-2 receptor α-chain (CD25) 
and the forkhead/winged helix transcription factor FoxP3, 
which is indispensable for their development and func-
tion. iTreg cells emerge from T-cells in the periphery after 
exposure to antigens in the peripheral lymphoid organs 
[5, 6]. Under the influence of suppressive cytokines and 
antigen-specific activation, they develop into FoxP3+ Treg 
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[7]. Over the years, the careful study of Treg cells gave rise 
to the question of what Treg cell subtype is actually acting 
in pregnancy [5].

Presently, it is not known if the mechanisms leading 
to PTL are associated with deficient Treg function [8], but 
recent research points to an abnormal alteration in the 
proportion of Treg cells that might modulate maternal 
immune homeostasis [9].

The placenta is the primary site of progesterone syn-
thesis throughout pregnancy in humans [2]. Progesterone 
is a critical immunomodulatory hormone in the regulation 
of human T-cell population during pregnancy, as it leads 
to a series of functional events in numerous immune cell 
types [10]. With the combination of its pro-effects on Th2 
and Treg cells, progesterone contributes to the establish-
ment of a favorable environment for pregnancy [5], favor-
ing Th2 CD4+ T-cell development and Th2 dominance [11].

T lymphocytes, but not other immune cell types, 
appear to respond to progesterone, suggesting a recipro-
cal role in regulating the immune system and, therefore, 
parturition [2]. In addition, physiological doses of proges-
terone expand Treg cells, enhance in vitro Treg cell func-
tion and induce a Treg phenotype in activated responder 
T-cells [12].

Since 2010, there have been investigations surround-
ing the role of Treg cells in pregnancy. Most authors use 
animal models (namely mice), as investigation in humans is 
harder to accomplish. Nevertheless, human pregnancy has 
unique features that differentiate it from other mammals, 
so animal results must be regarded with caution.

Most studies and meta-analysis of progesterone and 
PTL focus on the issue of prophylactic administration of 
progesterone by vaginal [13–16], intramuscular [17–23] 
or oral routes [24], in the presence of a previous preterm 
delivery or short cervix. In the literature, the number of 
trials and meta-analyses on the use of progesterone after 
an effective PTL treatment is small, but their results were 
promising and suggest an increased benefit with proges-
terone use [14, 19, 25, 26].

Consequently, progesterone supplementation for 
women with threatened preterm labor has been inves-
tigated based on several plausible modes of action [27], 
although the exact mechanism by which progesterone 
can exert its effects is still unidentified [28]. However, 
due to the high economical and health burden associated 
with prematurity, finding the exact mechanism by which 
progesterone accomplishes its immunomodulatory role 
would allow a justification, refinement and generalization 
of its use. It is the aim of this study to investigate whether 
the actions of progesterone on preterm labor are accom-
plished through Treg cell regulation.

Materials and methods
We undertook a pilot exploratory study consisting of a cohort of preg-
nant women with threatened preterm labor attending our obstetrics 
unit between December 2013 and August 2014.

Inclusion criteria consisted of admission in the obstetric unit 
of Coimbra University Hospital Center with confirmed preterm 
labor, singleton pregnancy, gestational age between 24 weeks+0 
days and 33 weeks+6 days, intact amniotic membranes, cervical 
length   ≤  25 mm and use of atosiban (competitive antagonist of oxy-
tocin receptors) for tocolysis.

Exclusion criteria were multiple gestation, pre-existing disease, 
preterm rupture of membranes, chorioamnionitis, placenta praevia, 
placental abruption, clinical signs of infection (maternal tempera-
ture  ≥ 37.5°C, white blood cells  ≥ 15,000 cells/mm3 in maternal blood) 
or usage of hormone therapies within 3  months before enrolment. 
The presence of risk factors was defined as existence of a previous 
PTL and/or tobacco use.

Gestational age was assessed by the date of the last menstrual 
period or by ultrasound.

Administration of natural progesterone was done after tocoly-
sis with 200 mg once daily atosiban. The vaginal route was chosen 
due to higher bioavailability, fewer secondary effects, rapid absorp-
tion and additional local effects on the endometrium. Peripheral 
blood samples were obtained on two occasions: after tocolysis with 
atosiban — before first progesterone administration – and 24 h after 
treatment with 200 mg daily vaginal natural progesterone.

The Ethical Committees of Coimbra University Faculty of Medi-
cine and Coimbra University Hospital approved the investigation and 
informed consent was obtained from each participant.

Specimen collection

Peripheral venous blood samples were obtained and collected in lith-
ium heparin tubes. Samples were kept in a cool environment until 
they were processed, within 1 h of collection.

Flow cytometry staining

In brief, membrane staining of whole blood containing 0.5–1 × 106 
white blood cells was performed with PB-conjugated anti-CD4, 
PE-Cy7-conjugated anti-CD25 and PerCP-Cy 5.5-conjugated anti-
CD127 antibodies, all purchased from Biolegend (Biolegend, San 
Diego, CA, USA).

Subsequently, we used a staining set (eBioscience, San Diego, 
CA, USA) and AF647-labeled anti-human FoxP3 (Biolegend, San 
Diego, CA, USA) to perform the intracellular staining for detection 
of FoxP3, following the manufacturer’s instructions. Flow cytometry 
data were acquired on a FACS Canto II instrument (BD Biosciences, 
USA) equipped with three lasers to allow multicolor detection with 
different fluorophores, using FACS DIVA software (BD Biosciences, 
USA).

Lymphocyte populations were selected according to the for-
ward angle (FSC-A) and side angle (FSC-H) scattering signal, and at 
least 50,000 gated lymphocyte cells were detected for each sample. 
Dead cells were excluded by forward and side scatter characteristics, 
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and an FSC-A vs. FSC-H dot plot was used to discriminate doublets, 
detecting disparity between cell size vs. cell signal. Isotype control 
antibodies were used to help assess the level of background stain-
ing, as well as samples without staining and single stain, for each 
antibody.

Treg analysis

Gating strategies were employed to evaluate the percentage of 
CD4+CD25highCD127low cells, the percentage of Treg cells in total CD4+ 
T-cells and the mean fluorescence intensity (MFI) of FoxP3 in the 
CD4+CD25highCD127lowFoxp3 population. Our gating strategy for iden-
tifying the Treg population was based on a total lymphocyte gate 
based on FSC/Side light scatter (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 expression, CD4+ cells were gated based on the expression 
of CD25high and CD127low markers, and therefore CD4+CD25highCD127low 
population was detected.

As the literature varies when considering markers for the 
exact phenotype of a Treg cell population, we moved on to the 
CD4+CD25highCD127lowpopulation and also searched for FoxP3+ 
cells. We defined our regulatory T-cell population as being the 
CD4+CD25highCD127low FoxP3+.

Statistical analysis was based on at least 15,000–20,000 gated 
CD4+ cells.

FlowJo software (Tree Star Data Analysis Software, Ashland, 
USA) was used for flow cytometry analysis. We also performed an 
absolute count on each population based on lymphocyte number 
present in hemogram.

Statistical analysis

Data were analyzed by IBM SPSS statistics version 21 software and 
expressed as mean±standard deviation (SD) or as median and inter-
quartile range (IQR), as appropriate for the type of distribution. Statis-
tical comparison between samples of the same patient was done using 
the Wilcoxon Signed Rank Test for the total number and percentage of 
CD4+CD25highCD127low population, the total number and percentage of 
the Treg cell subset within the total CD4+CD25highCD127low population 
and FoxP3+ MFI. Statistical significance was considered at a two-sided 
P-value  < 0.05. There were no missing data in our population sample.

Results
A total of 20 peripheral venous blood samples were 
extracted from 10 pregnant women presenting with PTL, 
divided equally before and after progesterone treatment. 
Clinical data of the population are shown in Table 1.

PTL women had a mean age of 33±4.1 years, with a 
mean gestational age of 31.2±2.0 weeks, showing a mean 
cervical length of 19±4.3 mm. These data reflect the strict 
inclusion criteria used in the study.

Table 1: Clinical data. 

Variable   Value

n = 10 patients  
Age (years)
 Mean±SD   33±4.1
 (min–max)   (26–37)
Gestational age (weeks)
 Mean±SD   31.2±2.0
 (min–max)   (26–33)
Cervical length (mm)
 Mean±SD   19±4.3
 (min–max)   (13–25)
Multipara (proportion)   60%
Presence of risk factorsa (proportion)  60%

aRisk factors were considered to be previous preterm delivery or 
tobacco use.

For the isolation of the specific lymphocyte popula-
tion, CD4+ T-cells first were gated and CD25 and CD127 
expression was analyzed. Subsequently, the number 
and percentage of CD4+CD25highCD127low cells were esti-
mated for all participants. Afterwards, this population 
was characterized in terms of the expression of FoxP3 to 
estimate both the percentage and absolute number of Treg 
cells. FoxP3 MFI on Treg cells was also estimated for all 
participants.

Figure 1 shows an example of the CD4+CD25high 
CD127lowFoxP3+ population (regulatory T-cell population) in 
peripheral blood, before and after progesterone treatment.

Table 2 shows the comparison between T-cell popu-
lations in blood before and after progesterone treatment, 
and all results represent the paired samples for each 
patient.

As is shown, there was a statistically significant 
increase after progesterone treatment in the percentage 
of CD4+ T-cells, with an increase in their proportion of 
44.6 vs. 60.2 (P = 0.013). An enhancement after progester-
one administration could also be verified in both the per-
centage and absolute number of the CD4+CD25highCD127low 
population, although not reaching statistical significance. 
As for the Treg cell population (those cells expressing 
the intracellular marker Foxp3), there was a significant 
increase after progesterone treatment in both their per-
centage (48.9 vs. 53; P = 0.07) and absolute number (14.8 
vs. 56.5; P = 0.046).

To ascertain whether the number or percentage of 
CD4+ cells, CD4+CD25highCD127low or Treg cells varied with 
different clinical characteristics, a subgroup analysis was 
done for confounding variables such as parity (nullipara 
vs. multipara) or of the existence of risk factors. The 
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analysis revealed that the difference in the Treg cell pool 
was mainly at the expense of the nullipara group, where 
the increase of the Treg cells percentage after progester-
one treatment was 30 vs. 71; P = 0.07.

Moreover, in the group of women without risk factors, 
the increase in the percentage of the Treg cell pool after 
progesterone treatment was also relevant (59 vs. 75; 
P = 0.07).

No other comparisons between groups had statistical 
significance.

Discussion
According to the World Health Organization, there are 
13  million preterm babies born each year worldwide. 
Despite the various measures to reduce this problem, the 
incidence of preterm labor has increased worldwide, and 
continues to be a relatively common pathology. In the 
quest for a novel agent in PTL treatment, progesterone 
emerges as a good candidate due to its immunomodula-
tor action, supposedly acting as the critical regulator of 
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Figure 1: Representative sample of the variation of regulatory T-cell population (CD4+CD25highCD127lowFoxP3+) in peripheral blood with 
progesterone administration.
Dot- plots representation with regulatory T-cell population marked in red. (A) Before progesterone treatment; (B) after progesterone treat-
ment. Histograms representing the regulatory T-cell population marked in red and the CD4+CD25highCD127lowFoxP3‑ population in green. 
(C) Before progesterone treatment; (D) after progesterone treatment.
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Treg cells during pregnancy by an unknown mechanism. 
Human studies are nonexistent in this field, and this 
research proposes an innovation in the understanding of 
preterm labor and its treatment.

To our knowledge, this is the first article focusing on 
the role of progesterone treatment on Treg cells in cases 
of PTL. Related preceding research investigated PTL’ risk 
prediction using cervical length and Treg cells [29] and not 
progesterone’s immune effects.

We demonstrated that there was a significant increase 
after progesterone treatment in the Treg cell pool with a 
rise both in their percentage (48.9% vs. 53%; P = 0.07) 
and absolute number (14.8 vs. 56.5; P = 0.046). This con-
firms the knowledge that progesterone contributes to the 
establishment of a favorable environment for pregnancy 
[5] and the enhancement of Treg cell function in vitro 
[12]. Moreover, it corroborates existent data hypothesiz-
ing an inflammation-triggered inadequate immunologic 
response that prompts PTL [30].

The fact that changes in the Treg cell pool were more 
pronounced in the nullipara group (30% vs. 71%; P = 0.07) 
and in women without risk factors (59% vs. 75%; P = 0.07) 
confirms the complexity of preterm labor. It is more cer-
tainly a syndrome than a single disease, being triggered 
by different mechanisms in diverse circumstances. This 
imposes the need for further investigation about the 
causes and risk factors of this syndrome.

Besides being the first human investigation regarding 
Treg cell changes after specific treatment with progester-
one in PTL, our study has strict inclusion and exclusion 
criteria, bringing together women with similar clinical 

characteristics (and without confounding pathologies), 
making our results reliable. Also, it is an original study 
as the same determinations were made for each patient 
before and after a certain treatment. Moreover, as the 
samples were taken 24  h after progesterone administra-
tion, we ascertained that the alterations in the Treg cell 
pool are due to that treatment, and not to normal evolu-
tionary changes in pregnancy. In fact, blood peak pro-
gesterone concentrations are attained 4  h after vaginal 
administration with a half-life of about 13  h [31]; as so, 
most authors reported an ideal 24  h interval to demon-
strate progesterone’s immune effects [12].

As materials and methods are thoroughly explained, 
our investigation is reproducible.

In the literature, there are four articles reporting 
studies of Treg cells in pregnant women with PTL [1, 8, 
9, 29], although none of them studied the influence of 
progesterone treatment on the Treg cell population. More-
over, aims, inclusion criteria, T-cell population studied 
and conclusions are different among the four studies.

The article of Xiong et al. was the first to demonstrate 
changes in circulating CD4+CD25highFoxP3+ Tregs in PTL 
[9], and their work evidenced a lower proportion of that 
particular T-cell population in PTL. Although including 
only one sample of 31 women, the definition of Treg cell 
population was different, not including the CD127 marker. 
Nevertheless, these results make our study even more 
consistent, highlighting the importance of progesterone 
administration in increasing the Treg cell pool in PTL 
women.

Kisielewicz et al. [8] studied the parallelism between 
PTL and organ transplant rejection. The results showed 
that in PTL, Treg cells show a reduced suppressive activ-
ity of their circulating CD4+CD25highCD127low cells and a 
decrease in the level of HLA DR+ expression. However, of 
the 21 PTL women included (already excluding preterm 
premature rupture of membranes and cervical incompe-
tency), there were no excluding criteria and there was only 
one sample for each patient.

Schober et al. considered the suppressive activity and 
changes in the composition of the regulatory T-cell pool 
[1]. They included 46 PTL women, but no exclusion cri-
teria were used and the definition of PTL cases included 
preterm premature rupture of membranes and cervical 
incompetency. Their results inferred a decrease in the per-
centage of HLA DR+Treg cells, in HLA DR expression and a 
decrease in the suppressive activity of Treg cells.

Recent interesting research from Koucky et al. aimed 
to determine the early predictors of PTL, using cervi-
cal length and Treg cells [29]. In the cohort of 60 high-
risk women included, they showed that the combined 

Table 2: Comparison between T-cell populations in blood according 
to progesterone treatment. 

Lymphocyte 
population

 
 

Progesterone treatment  P-valuec

Before  After

CD4+

 Percentage   44.6 (31)  60.2 (14)  0.013
 Absolute numbera   730 (1603)  1261 (1606)  0.2
CD4+CD25highCD127low

 Percentage   8 (4.7)  8.7 (6.4)  0.3
 Absolute numbera   41 (170)  135 (159)  0.3
Tregsb

 Percentage   48.9 (54.6)  53 (37.4)  0.07
 Absolute numbera   14.8 (33.9)  56.5 (118)  0.046
MFI FoxP3+   823 (545)  839 (233)  0.7

All data are presented as median and interquartile range; anumber 
cells/μL blood; bTregs: CD4+CD25highCD127low Foxp3+; cWilcoxon 
Signed Rank Test with a significance level of 0.05 (in bold results 
<0.05); MFI = Mean fluorescence intensity.
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assessment of Treg cell count and cervical length was a 
better predictor of preterm delivery than either parameter 
used on its own. Although this study included women 
using progesterone, it differed from our investigation as 
its purpose was PTL risk estimation and not treatment. 
Additionally, the definition of the Treg cell pool is not 
unanimous among authors, nor is the definition of women 
at risk.

Furthermore, our results present differences between 
percentages and absolute numbers; this is due to the mul-
tiple calculations needed to obtain the different minor 
blood populations and to the several roundings required. 
However, to the authors, it seemed more accurate to 
present both results as some articles present the results as 
percentages and other as absolute numbers.

Our study also has limitations: the number of patients 
included is limited and the functionality of the Treg cell 
pool of those patients should also be analyzed. How pro-
gesterone acts on T-cells is still under dispute, with some 
researchers defending both nuclear and non-nuclear con-
tribution of receptors [11]. Consequently, in a near future, 
an investigation regarding which type of progesterone 
receptor regulates Treg cells and explaining progesterone 
actions on PTL treatment is desirable.

This research demonstrated a significant increase in 
the Treg cell pool after progesterone treatment, indicating 
a possible mechanism by which its beneficial role in PTL 
is achieved.

Ultimately, this will enable obstetricians to under-
stand progesterone’s role in preterm labor and to establish 
a secure and safe clinical protocol in PTL treatment.
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