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Original Article 
Galectin-1 reduction and changes in T regulatory cells 
may play crucial roles in patients with unexplained  
recurrent spontaneous abortion 
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Abstract: To investigate the changes of Galectin-1 and T-lymphocyte phenotypes in unexplained recurrent spon-
taneous abortion (URSA). Totally 60 participants were recruited and divided into 3 groups in average: pregnant 
patients with URSA (URSA group), normal early pregnant women with induced abortion (IA group) and normal non-
pregnant women (control group). After the tissue and blood sample were collected, Galectin-1 was measured using 
enzyme-linked immunosorbent assay. Then the proportion of T regulatory cells was determined by flow cytometry. 
The expression levels of Galectin-1 in IA group and URSA group was significantly higher than that in the control group 
(24.30 ± 3.06 and 6.23 ± 2.41 vs. 1.30 ± 0.66, P < 0.05). Besides, the expression level of Galectin-1 in URSA group 
was lower than that in IA group (P < 0.05). The percentage of CD4+CD25+Foxp3+ Tregs was lower in URSA group than 
IA group (0.77 ± 0.31 vs. 1.00 ± 0.35, P < 0.05) and the ratio of CD4+CD25+Foxp3+/CD4+ in URSA group was also 
obviously lower than that in IA and control group (P < 0.05). Galectin-1 and CD4+CD25+Foxp3+ may play essential 
roles in maintaining a normal pregnancy and their reduction may involve in the pathogenesis of URSA. 
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Introduction 

Recurrent spontaneous abortion (RSA) is 
defined as two or more consecutive losses at ≤ 
20 weeks of gestation from the last menstrual 
period [1, 2]. It occurs in approximately 1% to 
5% of women at reproductive age [1, 3]. The 
aetiology of unexplained recurrent spontane-
ous abortion (URSA) remains partially unknown 
and may be multi-factorial [4]. Although reason-
ably accepted aetiological causes include 
genetic, infectious, endocrinologic and anatom-
ic abnormalities have been associated with 
URSA, the specific cause still remains unclear 
[5]. Recent studies have shown that URSA is 
involved in the failure of feto-maternal immuno-
logic tolerance [6]. Successful pregnancy is pri-
marily associated with the immunologic status 
of the gestational woman and immunoregula-
tory capability of the embryo [7, 8]. Galectin-1 
has been previously found in fetal-maternal 
interface [9], embryo during early pregnancy 
[10] and placenta tissue [11, 12]. Galectin-1 is 
initially synthesized in the trophectoderm of the 

expanded blastocyst immediately prior to 
implantation, suggesting a role in the attach-
ment of the embryo to the uterine epithelium 
[13]. 

T regulatory cells (Tregs) are essential for the 
maternal immune system to tolerate an aggres-
sive allogeneic response against the fetus [14]. 
Besides, CD4+CD25+ Tregs play important roles 
in the mechanisms mediating maternal immune 
tolerance of conceptus antigens and mainte-
nance of pregnancy [15]. Forkhead box p3 
(Foxp3) has been described as an essential 
transcription factor for induction and develop-
ment of CD4+CD25+ Tregs [16]. Mutations of 
Foxp3 cause immune dysregulation, enteropa-
thy and polyendocrinopathy, characterized by 
high incidences of autoimmune diseases [17]. 
Thus, as a specific maker of Tregs, Foxp3 is 
essential in the development and function of 
these cells.

In this retrospective study, to explore the cause 
of URSA in the immunological aspect, we inves-
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tigated the expression of Galectin-1 in decidual 
tissue and the percentage of CD4+, CD4+CD25+ 
and CD4+CD25+Foxp3+ Tregs in peripheral 
blood in URSA patients, normal early pregnant 
women with induced abortion (IA) and non-
pregnant women.

Materials and methods

Patients

All the participants were recruited at the 
Department of Reproductive Immunology of 
our hospital from June 2010 to December 
2011. Total 20 patients who had at least three 
successive spontaneous early miscarriages 
(7-12 weeks of gestation) of unexplained etiol-
ogy were enrolled. Patients were excluded if 
they had any infectious, metabolic, anatomic, 
endocrine or autoimmune diseases, and no 
fetal or maternal chromosomal abnormalities 
were found by laboratory tests. The two control 
groups: 20 normal early pregnant women with 
IA (IA group) and 20 non-pregnant women who 
asked for the examination of endometrium by 
hysteroscopy (control group). There were no sig-
nificant differences in the age and pregnancy 
duration between the three groups (Table 1). 
The participants in IA group were excluded if 
they had any endocrine or autoimmune diseas-
es, infectious or organic disease of the repro-
ductive system, threatened abortion symptom 
and abnormal embryos confirmed by type-B 
ultrasound. The healthy non-pregnant women 
were excluded if they had a history of previous 
abortion, endocrine abnormality, autoimmune 
or genetic diseases.

The ethical committee of Shanghai Changning 
District Obstetrics Maternal and Child Health 
Hospital approved the study protocol and 
detailed informed was obtained from all 
patients or their family members for the 
procedures.

Tissue and blood sample collection

Decidual samples were obtained from patients 
in URSA and IA groups and endometrium sam-

at 4°C. The liquid supernatant was preserved 
and used for enzyme-linked immunosorbent 
assay (ELISA) of Galectin-1 using commercial 
kits (CSB-EL012882HU, Cusabio Biotech Co., 
Wuhan, China) in accordance with the manu-
factures’ instructions. 

Total 5 ml heparinized peripheral venous blood 
was obtained by venipuncture immediately 
from all participants who were undergoing a 
dilation and evacuation procedure for the isola-
tion of peripheral blood mononuclear cells 
(PBMCs). PBMCs was then isolated for analysis 
by flow cytometry and centrifuged on Lym- 
phoprep (Nycomed Pharma, Oslo, Norway) at 
840 × g for 15 min at room temperature. The 
serum was separated from the samples and 
stored at -70°C till use.

Galectin-1 measurement

Decidual tissues of patients in URSA and IA 
groups and endometrial samples of control 
were detached. The optical density of Galectin-1 
in each sample was determined at 450 nm 
using a microplate ELISA reader Model 450 
(Bio-Rad, Miinchen, Germany) according to the 
manufacturer’s instructions. 

Flow cytometry detection for tregs

To each tube, 100 μl prepared PBMCs (1 × 107/
ml) were added into two tubes, respectively. For 
one tube, 100 μl cell suspensions were mixed 
with anti-CD4-FITC monoclonal antibody (Phar- 
mingen), anti-CD25-APC monoclonal antibody 
(Pharmingen) and anti-human Foxp3-PE mono-
clonal antibody (eBioscience), and incubated in 
the dark for 30 minutes at 4°C. As control, the 
other tube did not add any reagents. Flow 
cytometry was performed with a BD LSK flow 
cytometer (BD Biosciences). Data were then 
collected and analyzed using using CellQuest 
Pro software (Becton Dickinson) to investigate 
percentages of cells with different fluorescent 
antibodies. The percentages of CD4+, CD4+ 

CD25+, CD4+CD25+Foxp3+ T-lymphocytes were 
calculated, followed by the ratio of CD4+CD25+ 

Foxp3+/CD4+ was obtained.

Table 1. Baseline characteristic of participants (mean ± SD)

Terms control group  
(n = 20)

IA group  
(n = 20)

URSA group  
(n = 20)

Age (years) 28.10 ± 3.55 29.30 ± 3.21 28.85 ± 3.05
Gestation (days) 0.00 53.25 ± 9.00 59.95 ± 12.41
P > 0.05.

ples were obtained from control 
group. The samples were washed by 
0.25% precooled phosphate-buff-
ered saline (PBS) solution within 20 
minutes after tissue detached. After 
that, samples underwent homoge-
nate in normal saline (1:9, W/V) and 
centrifugation of 12000 g for 15 min 
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Statistical analysis

All statistical analyses were performed using 
software SPSS 17.0 (SPSS Inc., Chicago, USA). 
The data were presented as mean ± standard 
deviation. As determined by the Student’s t-test 
or one-way analysis of variance (ANOVA), fol-
lowed by Fisher’s least significant difference 
(LSD) for multiple comparisons. P < 0.05 was 
considered statistically significant. 

Results

Levels of Galectin-1 expression

The expression levels of Galectin-1 in different 
groups were determined in the decidual tissue 
or endometrium by ELISA. As shown in Figure 
1, the expression levels of Galectin-1 in IA 
group and URSA group was significantly higher 
than that in the control group (24.30 ± 3.06 
and 6.23 ± 2.41 vs. 1.30 ± 0.66, P < 0.05). 
Besides, the expression level of Galectin-1 was 
lower in URSA group than IA group (6.23 ± 2.41 
vs. 24.30 ± 3.06, P < 0.05). 

T-lymphocyte subpopulations analyzed by flow 
cytometry 

The flow cytometry results demonstrated that 
the percentage of CD4+ T-lymphocytes and 
CD4+CD25+ Tregs had no differences among 
the three groups (P > 0.05, Figure 2). The per-
centage of CD4+CD25+Foxp3+ Tregs was lower 

in URSA group than IA group (0.77 ± 0.31 vs. 
1.00 ± 0.35, P < 0.05). Moreover, the ratio of 
CD4+CD25+Foxp3+/CD4+ in URSA group was 
also significantly lower than that in IA group 
(0.029 ± 0.012 vs. 0.044 ± 0.020, P < 0.05) 
and control group (0.029 ± 0.012 vs. 0.040 ± 
0.015, P < 0.05). 

Discussion

URSA belongs to an alloimmunity disease asso-
ciated with the failure of materno-fetal immu-
nologic tolerance [18]. The immunologic status 
of the pregnant woman and immunoregulatory 
capability with the embryo affect the develop-
ment of the fetus [19]. In the present study, 
after detected the expression of Galectin-1 and 
proportion of different T-lymphocyte subgroups, 
we found that the expression levels of Galectin-1 
in IA group and URSA group were significantly 
higher than that in the control group (24.30 ± 
3.06 and 6.23 ± 2.41 vs. 1.30 ± 0.66, P < 
0.05). Besides, the percentage of CD4+CD25+ 

Foxp3+ was lower in URSA group than IA group 
(0.77 ± 0.31 vs. 1.00 ± 0.35, P < 0.05). 

The importance of Galectin-1 has been report-
ed in many studies during gestation. In humans, 
Galectin-1 expression greatly increased in the 
latesecretory-phase endometrium and decidu-
al tissue [20]. It has been expressed in patho-
logical placenta [21] and is involved in immune-
mediated fetal tolerance during pregnancy, 
inducing IL-10 expression T regulatory cells, 
and provoking apoptosis of susceptible Th1 
cells [22, 23]. In addition, Galectin-1 has been 
reported to induce trophoblast and fusion dur-
ing the placenta formation, and play an impor-
tant role in regulating trophoblast differentia-
tion [24, 25]. Our study further provided the 
evidence on the importance of Galectin-1 as a 
predictive factor for pregnancy, given that the 
level of Galectin-1 decreased in healthy preg-
nant women compared to IA and URSA group. 
Liu et al. [26] have reported a down-regulation 
of Galectin-1 expression in placental villous tis-
sues from early pregnancy loss patients, and 
this finding is consisted with our study of low 
expression level of Galectin-1 in URSA group 
compared with IA group (Figure 2). Together 
with the influence of Galectin-1 on the immune 
evasion in trophoblast cells, the data suggest-
ed that Galectin-1 may be important in the 
maintenance of pregnancy.

Figure 1. Galectin-1 expression in participants de-
tected by Galectin-1 ELISA commercial kit. *P < 0.05 
vs. control group; #P < 0.05 vs. IA group.
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Evidence has demonstrated that CD4+CD25+ 

Tregs play a central role in the development of 
maternal tolerance to fetus during pregnancy 
[27]. Shi et al. [28] have found that frequency 
and immunosuppressive capacity of CD4+ 

CD25+CD127 dim/-regulatory Tregs was decre- 
ased in URSA decidua. Mei et al. [29] also 
investigated the proportion of CD4+CD25+Fox- 
p3+ T cells in pregnant women with URSA and 
found that the proportion of CD4+CD25+Foxp3+ 
was statistically significantly lower in URSA 
patients compared with normal early pregnant 
women in the decidua. In addition, CD4+ 

CD25+Foxp3+ T regulatory cells have been 
served as a superior pregnancy marker for 
assessing miscarriage risk in newly pregnant 
women [30]. Together with our study, it is sug-
gested that CD4+CD25+Foxp3+ Tregs may be 
important in maintaining a normal pregnancy, 
and the reduction of CD4+CD25+Foxp3+ Tregs 
may be involved in the pathogenesis of URSA. 

In conclusion, we found that the proportion of 
Galectin-1 and CD4+CD25+Foxp3+ Tregs was 

lower in URSA group than IA group. These find-
ings suggest that Galectin-1 and CD4+CD25+ 

Foxp3+ may play essential roles in maintaining 
a normal pregnancy and their decrease may 
involve in the pathogenesis of URSA. Our data 
may help us explore the pathology of URSA and 
find new therapies. 
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Figure 2. T-lymphocyte subpopulations detected by flow cytometry. (A-C) were the percentage of CD4+, CD4+CD25+, 
or CD4+CD25+Foxp3+ Tregs in peripheral blood. (D) was the ratio of CD4+CD25+Foxp3+/CD4+ Tregs. *P < 0.05 vs. 
control group; #P < 0.05 vs. IA group.
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