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Abstract
 Introduction:   Glycoprotein A repetitions predominant (GARP) regulates the function of T regulatory cells. The aim of the 

study was to evaluate the relationship between the T regulatory cells (Treg) numbers, GARP expression and 
the incidence of preterm labour in women with a short cervix. 

 Material and methods:   Fifty-nine pregnant patients were recruited at 20–35 weeks of gestation. The control group included  
29 patients who had uncomplicated pregnancies, delivered at term. Thirty patients with singleton pregnan-
cies were identified as being at risk of preterm birth, based on a short cervical length (< 25 mm) (with or 
without contractions). 

 Results:   The levels of Tregs were significantly lower in patients with a short cervix compared to controls. In addition, 
the GARP expression was significantly reduced in women with a short cervix who delivered at term, but not 
in women with a short cervix who delivered preterm. 

 Conclusions:   There was a positive correlation between the length of the cervix and the overall duration of pregnancy. Pa-
tients with a short uterine cervix had significantly lower levels of regulatory T cells, and those who delivered 
at term also had reduced levels of GARP. Despite the conflicting results, our work suggests a possible role for 
GARP in the mechanism of preterm labour.
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introduction

Spontaneous preterm labour complicates approximate-
ly 10% of all pregnancies. It carries the risk of children’s 
long-term disability, posing a serious medical, social and 
economic problem. The most important trigger mecha-
nisms include infections, uteroplacental ischaemia and 
decidual haemorrhage [1]. Preterm labour is considered 
to be a chronic process involving, among other things, the 
premature remodelling of the uterine cervix, which may 
lead to its shortening [2, 3]. These changes usually take 
place over a long time. A short cervix (< 25 mm) is a sub-
clinical indicator that carries a significantly higher risk of 
preterm labour [4]. The cervical shortening is often caused 
by premature ripening due to subclinical infection, local in-
flammation, hormonal action, or genetic predisposition [5, 
6]. However, cervical length measurement is not a standard 
screening method. Short cervical length is often an acci-
dental finding, or it is detected by a targeted examination 
of patients with a history of preterm labour. Most women 
with a short cervix give birth at term. Therefore, there is an 
intensive search for other parameters that could specify the 
risk of preterm labour. Immune changes are likely to play 
a significant role in this process. Maternal immune toler-
ance and the mutual reciprocal communication between 
the maternal immune system and the developing fetus, 
the feto-maternal immune cross-talk, plays an essential 
role in establishing a successful pregnancy outcome and 
term delivery. The specific immune response involved in 
the setting and maintenance of the immunotolerant state 
is mediated by B and T lymphocytes, and NK cells. In par-
ticular, T regulatory cells (Tregs) play an essential role in 
suppressing excessive immune responses and thus pro-
viding the mechanism of tolerance for both paternal and 
self-antigens. Fetal tolerance is achieved by the mother’s 
immune system without weakening of her own immune 
integrity. Tregs are crucial in maintaining this balance dur-
ing the course of pregnancy [7]. Treg cells, a subpopulation 
of CD4+ T lymphocytes, can limit the immune response 
against self and non-self antigens [8, 9] and graft rejection 
[10]. We have reported reduced Treg cell expression in 
women with preterm labour [11]. Successful pregnancy is 
associated with an increase in the number of Tregs in the 
decidua [12–15]. Treg cells express a wide range of protein 
markers, which are likely to play a role in modulating their 
function, in particular the transcription factor forkhead 
box P3 (FoxP3), which can suppress the transcription of 
key genes and thereby regulate the development and func-
tion of Tregs upon activation, and Helios, which is not 
expressed by naïve Treg [16]. In addition, Treg cells also 
express the following surface markers: CD25, latency asso-
ciated peptide (LAP), glycoprotein A repetitions predom-
inant (GARP), cytotoxic T lymphocyte-associated antigen 
4 (CTLA-4), inducible co-stimulator (ICOS), tumour ne-
crosis factor receptor 2 (TNFR2), glucocorticoid-induced 
tumour necrosis factor receptor (GITR), lymphocyte ac-
tivation gene 3 (LAG-3), OX40 and 4-1BB. All of these 
proteins appear to be involved in the modulation of the 

bioimmune response following activation [17]. GARP is 
a 662 amino acid transmembrane protein, g cell types, spe-
cifically expressed on FoxP3+ T cells, and it could thus serve 
as an activated Treg cell surface marker [18]. GARP binds 
the latent transforming growth factor β (TGF-β), thereby 
promoting release of the biologically active TGF-β1, and fa-
cilitating Treg regulatory functions. TGF-β1 is synthesised 
as a precursor, which is transformed into latent non-active 
TGF-β1 heterodimers, Cter dimer (pre-TGF-β1), and an 
N-terminal latency-associated peptide (LAP). Human Treg 
cells form latent TGF-β1 only in association with the gly-
coprotein GARP via disulfide bonds between two cysteines 
on the GARP monomer and a cysteine  on each of the LAP 
monomers [19]. The GARP-latent-TGF-β1 complex can be 
activated by factors such as matrix metalloproteinases and 
integrin molecules, and GARP is significantly expressed 
by activated Tregs to yield the biologically active TGF-β1 
cytokine. Thus GARP may be, to some extent, considered 
an activating Treg surface marker [20]. GARP-positive 
Tregs are not only a source of TGF-β1 but also of inter-
leukin (IL) 10 (IL-10). Downregulation of GARP on Treg 
cells decreases the expression of other Treg markers, such 
as CD27, CD83 and Foxp3. The GARP-latent-TGF-β1 com-
plex induces proliferation and differentiation of the Th17 
lymphocyte subpopulation. These data suggest that GARP 
could be considered a marker of the functional activity of 
Treg cells [18, 21, 22]. 

The aim of this study was to evaluate the relationship 
between the number of Treg cells and the expression of the 
Treg activation marker GARP and the incidence of preterm 
labour in women with a short cervix.

Material and methods
Patients characteristics
In this prospective study, we aimed to detect absolute 

and relative numbers of peripheral blood regulatory T cells, 
and the expression of selected surface markers of these lym-
phocytes in pregnant women during the second and third 
trimester of pregnancy. Fifty-nine pregnant patients were 
recruited at the Department of Gynaecology and Obstet-
rics of the General University Hospital and the 1st Faculty of 
Medicine, Charles University in Prague, between October 
2015 and May 2016. The study included healthy pregnant 
women, aged 25 to 35 years. Patients were recruited at 20– 
35 weeks of gestation. Gestational age was calculated ac-
cording to the date of the last menstrual period and con-
firmed by the first-trimester ultrasound scan. The following 
criteria were applied to recruit patients at risk of preterm 
birth: singleton pregnancy, short uterine cervix (< 25 mm) 
with or without regular contractions. Following diagnosis, 
all patients with a short cervix were prescribed progester-
one treatment until the end of week 36 of gestation/birth 
(Utrogestan, 200 mg applied vaginally at night). The efficacy 
and safety of vaginal progesterone administration to prevent 
preterm birth in asymptomatic women with a transvaginal 
sonographic cervical length ≤ 25 mm was reviewed and rec-
ommended from 18–24 weeks of gestation in a meta-analysis 
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study [23]. Exclusion criteria included: multiple pregnancy, 
atopic eczema, bronchial asthma, autoimmune disease, can-
cer. The study group consisted of 30 women with a short 
cervix who were subsequently followed at the Department 
of Obstetrics and Gynaecology of the General Teaching Hos-
pital, 1st Medical Faculty, Charles University Prague, due to 
continued regular contractions and/or a short uterine cer-
vix. Of this group, 22 patients gave birth prematurely before  
35 weeks of pregnancy (preterm delivery group, PD, n = 22) 
and 8 patients gave birth at term (term delivery, TD, n = 8). 
The control group consisted of 29 patients in the correspond-
ing weeks of pregnancy, all with a normal cervical length, 
who had physiological pregnancies without complications, 
and delivered at term (control group, CG, n = 29). The study 
was approved by the Ethics Committee of the 1st Faculty of 
Medicine, Charles University, Prague (No. 1162/12 S-IV). All 
patients were properly informed, and they signed a written 
informed consent form to participate in the study.

Ultrasound measurement of cervical length
Ultrasonographic measurement of the cervical length 

was performed by a vaginal probe using standard equip-
ment (Acuson XP128, Mountain View, CA). All investiga-
tions were performed by certified sonographers (trained 
at the Fetal Medicine Centre, London, United Kingdom). 
Transvaginal cervical measurements were performed using 
the technique described by Iams et al. [24]. Following the 
assessment of the cervical length, patients were split into two 
groups, as described above, i.e. a short cervical length group 
(< 25 mm; n = 30) and a control group (n = 29).

Blood collection
Blood samples were collected from the cubital vein dur-

ing recruitment, at the onset of symptoms or following de-
tection of a short cervix. Treg analysis was performed within 
6 h of collection.

Determination of T regulatory lymphocytes
Whole blood was mixed with monoclonal antibodies 

raised to detect cell surface markers (anti-CD45 Krome Or-

ange (Beckman Coulter, USA); anti-CD4 Alexa Fluor 700 
(eBioscience, USA), anti-CD25 PE (Beckman Coulter, USA), 
anti-CD127 PE-Cy7 (Beckman Coulter, USA), anti-CD45RA 
FITC (Beckman Coulter, USA), anti-CD279 (PD-1), APC-
eFluor 780 (eBioscience, USA), anti-GARP PE-eFluor 610 
(eBioscience, USA)), incubated at 4-8°C for 30 min, followed 
by addition of the lysing solution (EXCELLYSE I – Exbio) 
and deionized H2O. The mixture was incubated at room tem-
perature in the dark, then centrifuged to cast the superna-
tant. The pellet was resuspended in PBS. This was followed 
by permeabilization/fixation, washes in the permeabilizing 
solution (Foxp3/Transcription Factor Staining Buffer, eBi-
oscience, USA), staining with anti-Foxp3 eFluor 660 mon-
oclonal antibodies (eBioscience, USA) for 30 min, washing 
and resuspension in PBS. Fluorescent intensity was meas-
ured using a Navios Beckman-Coulter cytometer. The levels 
of T lymphocytes were determined and compared among the 
three groups of patients.

Statistical analysis
To analyse the association between cervical length and 

time of delivery, the non-parametric Spearman correlation 
coefficient was used. Comparisons of levels of lymphocytes 
between selected groups of patients were subject to the 
non-parametric one-sided Wilcoxon test. Analyses were 
performed using the R statistical package, version 3.4.4 [25].

Results
Patient characteristics
Fifty-nine patients were recruited at 20–35 weeks of ges-

tation (Table I).

Table I. Patient characteristics

Group of patients Abbreviation number  
of patients

Control group, term delivery CG 29

Short cervix, preterm delivery PD 22

Short cervix, term delivery TD 8

Figure 1. Time to delivery vs. cervical length. Spearman correlation coefficient p = 0.0093
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Association between cervical length and further 
course of pregnancy 
The cervical length was measured in all women in this 

study using vaginal ultrasound. In patients at risk of pre-
term labour (groups PD and TD) who had a short cervix  
(< 25 mm), there was a positive correlation between length 
of the cervix and length of pregnancy (Figure 1).

Absolute levels of regulatory T-lymphocytes and 
further development of pregnancy
Tregs were identified as the CD45+CD4+CD25+CD-

127dimFoxP3+ population of the peripheral blood T cells. 
Consistent with our previous findings (11), patients with 
a short uterine cervix (groups TD and PD) had significantly 
lower levels of Tregs (Figure 2). 

levels of GARP expression in peripheral blood 
T-lymphocytes in patients with different pregnancy 
outcomes
The other aim of this study was to investigate whether 

the GARP expression levels on Treg cells were indicative of 

preterm labour in patients with a short cervix. GARP ex-
pression was significantly reduced in women with a short 
cervix who delivered at term, compared to the controls who 
delivered at term. However, the GARP levels were not sig-
nificantly different in the patients with a short cervix who 
delivered preterm. This marker is thus unlikely to be used as 
a preterm labour predictor (Figure 3). 

Discussion

The aim of our study was to determine whether there is 
a difference in the total number of circulating T regulatory 
lymphocytes and the expression of one of their receptors, 
GARP, in women with a short cervix compared to a group 
of pregnant women with normal cervical length. Our results 
show a positive correlation between the length of the cervix 
and the duration of pregnancy. In addition, all patients with 
a short uterine cervix had significantly lower levels of regu-
latory T-lymphocytes compared to controls with normal cer-
vical length, which is consistent with our previous findings 
[26]. Tregs have a key regulatory function in pregnancy – 

Figure 2. Treg level vs. group. Treg levels are expressed as count × 106 per l.

Figure 3. GARP level vs. group. GARP levels are expressed as count × 106 per l.
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their main task is to avoid excessive inflammatory responses. 
Natural Treg cells originate in the thymus after contact with 
autoantigens. Adaptive iTregs, which play a key role in re-
production, arise in the peripheral tissues upon contact with 
antigens that are not expressed in the thymus, but are specifi-
cally restricted to their respective peripheral tissues. In other 
words, adaptive Tregs control the response of the immune 
system to foreign exogenous antigens against which it is not 
rational to develop an aggressive immune response [26]. 
Antigen-stimulated Treg cells typically regulate immune 
responses by producing the cytokines IL-10 and TGF-β. In 
this study, the levels of circulating Tregs were significantly 
lower in women who had preterm deliveries, compared to 
those who delivered at term. This is in agreement with our 
previous findings [27]. We also aimed to investigate whether 
changes in GARP expression may be indicative of threatened 
preterm labour in subclinical patients with a short cervix. 
T regulatory lymphocytes and their receptors have strong 
immunosuppressive activity as they inhibit the anti-tumour 
immune response in tumour-bearing hosts [28, 29]. Some 
of the molecules may also have possible therapeutic sig-
nificance. For this reason, regulatory molecules of various 
immune cell populations represent a promising target. For 
example, progesterone plays a very important role in immu-
nomodulation, and it is likely to modulate GARP expres-
sion in vitro. We did not find significant differences between 
GARP expression in patients with a short cervix who de-
livered preterm, but we found significantly reduced GARP 
expression in patients with a short cervix who gave birth at 
term, compared to controls with normal cervical length. All 
patients with a short cervix were prescribed progesterone 
at the time of diagnosis. We assume that our results were 
influenced not only by low patient numbers, but also by the 
progesterone administration, which is known to prolong 
pregnancy in patients with a short cervix [23]. Progesterone 
exerts pleiotropic effects on immune processes in pregnancy, 
both systemically and locally at the maternal-fetal interface, 
leading to a successful continuation of pregnancy [30]. It was 
not possible to use the Treg level measurement as a reliable 
predictor of preterm delivery. In general, the prediction of 
preterm labour is significantly modified by the measures 
that come with its management. To date, very limited data 
are available on the role of GARP expression on Treg lym-
phocytes in pregnancy. Only one study reported that human 
neutrophils exposed to the pregnancy hormones progester-
one and estriol promoted the establishment of maternal tol-
erance through the induction of a population of CD4+ T cells 
displaying a GARP+CD127loFOXP3+ phenotype following 
antigen activation [31]. High expression of GARP on Tregs 
has been reported in individuals with malignant tumours 
who do not respond to anti-tumour therapy, and high GARP 
expression is associated with a higher risk of metastatic dis-
ease [32]. Although further studies are needed to explain the 
role of GARP in processes of fetal tolerance and pathological 
inflammatory mechanisms leading to preterm labour, our 
study demonstrates the reality of the different expression of 
GARP molecules on Tregs in women with preterm delivery. 
We are aware of the limitations of this study. We consider 

the fact that we evaluated the maternal circulating pool of 
T regulatory lymphocytes to be the main one. Evaluation 
of decidual T regulatory lymphocytes and their receptors 
would have yielded far more accurate data. However, our 
study design did not allow for this investigation. We can only 
speculate that research in this area will provide more accu-
rate information by studying the expression of T regulatory 
molecules directly in the placental bed. The GARP molecule 
itself, as well as the GARP+ latent TGF-β1 complex, could 
theoretically become the target structure of the biological 
treatment of immunopathological inflammation associat-
ed with preterm labour, as is already contemplated for the 
therapy of certain tumours, autoimmune and inflammatory 
diseases.

In conclusion, in our study, we confirm that all patients 
with a short uterine cervix had significantly lower levels of 
regulatory T cells. This is the first study examining the ex-
pression of GARP in women with signs of preterm labour. 
Despite the conflicting results, our work suggests a possible 
role for GARP in the background of preterm labour.
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