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Abstract. The success of a pregnancy relies on moderate 
trophoblast apoptosis. If the ‘inhibition-induction’ balance 
of apoptosis is broken, a pathological pregnancy may occur. 
Galectin-3 has an important role in numerous biological 
processes, including tumor cell apoptosis. However, the 
association between galectin-3 and missed abortion (MA) has 
remained elusive. In the present study, the mRNA and protein 
expression levels of galectin-3 in placental villi, and the 
apoptotic index of placental cells from patients with MA were 
assessed and compared with those in a normal spontaneous 
abortion group. The present study investigated the function of 
galectin-3 in the process of MA and the possible association 
between placental apoptosis and galectin-3 expression in MA 
patients. Furthermore, the role of galetin-3 in patients with 
MA at different times (<4 and >4 weeks) was explored. The 
present study provided a potential mechanism of MA from 
a perspective of apoptosis and also provided potential thera-
peutic approaches to prevent MA.

Introduction

Missed abortion (MA), also known as abnormal intrauterine 
pregnancy, refers to the embryo or fetus dying in the uterine 
cavity but failing to spontaneously excrete in time prior to 
20 weeks of gestation (1). MA is a specific type of sponta-
neous abortion (SA). In the process of MA, with embryonic 
death, amniotic fluid absorption, embryonic tissue organiza-
tion, increasingly tight adhesion between the embryonic tissue 
and the uterine wall occurs, causing difficulty in curettage or 
induced abortion (2). MA may result in a coagulation dysfunc-
tion leading to disseminated intravascular coagulation (DIC), 
which results in severe bleeding and may threaten the life 
of affected patients (3). With the accelerated pace of work, 
increased social pressure and increased gestational age, the 
proportion of patients with MA has significantly increased 
among all cases of abortion (4). In the past six years, the propor-
tion of MA among the total abortions encountered at Guangzhou 
Women and Children's Medical Center (Guangzhou, China) 
has increased from 24.14 to 30.50% (Fig. 1), and the average 
increase was 1% per year, indicating that MA is increasingly 
becoming a vital factor impairing family planning. The recent 
relaxation of the two-child policy in China has also contrib-
uted to this phenomenon. Therefore, investigating the etiology 
and pathogenesis of MA has become of great interest in the 
field of pre‑natal diagnosis in China and abroad (5,6).

Studies have indicated that the causes of MA are multiple 
and complex, including abnormalities in chromosome 
number and structure (7,8), immune dysfunction (9,10), 
endocrine dysfunction (11), abnormal intrauterine environ-
ment (12), hereditary thrombophilia (13), systemic infectious 
diseases (14,15) and environmental factors (3). However, 
in ~50% of affected patients, the reason for the occurrence 
of MA and the associated pathogenesis remain elusive (16). 
By analyzing the decidua tissue of 11 SA cases and 9 cases 
of selective termination of pregnancy by immunohistochem-
istry and the terminal deoxynucleotidyl-transferase mediated 
dUTP nick end labeling (TUNEL) assay, it was revealed that 
the rate of positive staining for M30 in decidual tissue cells 
from the SA was 2.5-fold higher than that in the selective 
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termination group, while the apoptotic index was up to 5-fold 
higher (17). TUNEL-positive cells were occasionally observed 
in chorionic villi of women with a normal pregnancy-induced 
abortion but significantly increased in those of MA patients, 
which mainly concentrated in the nourishment layer cells and 
extravillous trophoblast cells of villous tissue. However, the 
factors involved in the apoptosis of trophoblast cells remain 
unknown and an association with the occurrence of MA 
remains to be determined.

Apoptosis was also detected in placenta tissue during 
the early stages of pregnancy (<12 weeks) via the expression 
of pro-apoptotic genes (18). Numerous other studies have 
demonstrated this phenomenon (17,19,20). The presence of 
apoptosis is associated with placental development, including 
trophoblast invasion, spiral arterial transformation and tropho-
blast cell differentiation, as well as during birth (20). During 
pregnancy, the degree of apoptosis of placental tissue gradu-
ally increases until delivery (21). However, an imbalance of 
the ‘inhibition-induction’ equilibrium leads to a pathological 
pregnancy (22). Hence, the present study hypothesized that 
apoptosis of villous trophoblast cells may be associated with 
the occurrence of MA. Apoptosis-inducing and -inhibiting 
factors have a potential regulatory role during pregnancy.

Galectin-3, a multifunctional protein, belongs to the family 
of galectins. Its unique chimeric structure enables it to interact 
with a plethora of ligands and modulate diverse functions, 
including cell growth, adhesion, migration, invasion, angio-
genesis, immune function, apoptosis and endocytosis, and 
it has significance in the process of tumor progression (23). 
Studies have indicated that galectin-3 is involved in embryo 
implantation, embryogenesis and placental formation, and is 
closely associated with the success and maintenance of preg-
nancy (24,25). Numerous studies suggest that high expression 
of galectin-3 exerts inhibitory effects on apoptotic responses 
of various cell types (26-29); of note, intracellular galectin-3 
has anti-apoptotic effects, while extracellular galectin-3 may 
induce apoptosis (26,29). Galectin-3 has been reported to 
inhibit the release of cytochrome C by translocating to the 
mitochondrial membrane. It is was reported to inhibit nitric 
oxide-induced apoptosis of BT547 human breast cancer cells 
by activating caspase-9 and caspase-3 (30). Furthermore, 
Annexin 7, a Ca2+-mediated phospholipid binding protein, 
binds galectin-3 to inhibit the release of cytochrome C to 
activate the caspase cascade, which prevented mitochondrial 
damage in cisplatin-treated BT549 cells (29). By contrast, 
tumor cells have an important role in immune escape mecha-
nisms during tumor progression by secreting soluble galectin-3 
to promote T lymphocyte apoptosis (31). Extracellular 
galectin-3 forms complexes by binding to the polysaccharide 
CD29/CD7 on the cell surface, which increases cytochrome 
C release to activate intracellular mitochondrial apoptotic 
signaling pathways (31,32). Studies have indicated that extra-
cellular galectin-3 secreted by macrophages participates in the 
apoptosis of neutrophils, and an increase in galectin-3 levels 
enhances macrophage removal of inflammatory cells (33). 
Increasing galectin-3 levels also increases macrophage 
removal of inflammatory cells.

A str ik ing similar ity is apparent between the 
‘pseudo-malignant’ blastocyst trophoblastic cells and malig-
nant tumor cells in certain biological aspects, including growth 

and development, and the abnormal expression of galectin-3 
appears to be involved in the regulation of excessive apoptosis 
of trophoblast cells in MA patients (34).

Although the functional studies confirm that galectin‑3 has 
an important role in the regulation of apoptosis in endometrial 
cells (35), the association between abnormal expression of 
galectin-3 and excessive apoptosis of trophoblast cells in MA 
patients has not been reported. Thus, in the present study, the 
apoptosis of placental cells, the expression of galectin-3 at the 
mRNA and protein level, and the levels of macrophages in the 
blood were assessed in patients with MA and patients with 
normal pregnancy induced abortions (spontaneously induced 
abortions). The possible mechanisms of MA were explored 
from the perspective of placental apoptosis, and the results 
may contribute to the clinical treatment as well as the preven-
tion of MA.

Materials and methods

Patient sample collection. After approval by the Institutional 
Review Board of Guangzhou Women and Children's Medical 
Center  (Guangzhou,  China),  32  women  with  MA  and 
13 women with normal pregnancy induced abortion (sponta-
neously induced abortions) were enrolled in the clinical trial 
(registry no. 20181022) from January 2010 to December 2016. 
Written informed consent was obtained from each partici-
pant. Prior to inclusion in the study, all subjects underwent a 
standard diagnostic analysis to rule out any abnormal causes 
for disease, which included the following: i) Hepatitis B or C 
virus, human immunodeficiency virus, human papilloma virus, 
ureaplasma urealyticum, Chlamydia trachomatis and human 
cytomegalovirus; ii) medical comorbidities, blood group anti-
bodies, anti-sperm antibodies, anti-cardiolipin antibodies and 
anti-endometrial antibodies; iii) abnormalities in chromosome 
number and structure; iv) no unnatural pregnancy, number 
of gestational weeks of 12, use of sex hormones in the past 
6 months, history of miscarriage treatment.

Fresh chorionic villous samples were collected. Briefly, in 
the lithotomy position a probe was used to detect the direction 
and depth of the uterine cavity. A thin plastic tube is used to 
slowly enter the cavity and according to the week of conception 
and the size of the cavity, a continuous or discontinuous nega-
tive pressure (400-500 mmHg) aspiration system was used to 
obtain samples. The aspiration system is filtered and rinsed 
with PBS. Each sample was divided into three parts: One part 
was immediately stored at ‑80˚C for ELISA and reverse tran-
scription-quantitative polymerase chain reaction (RT-qPCR) 
detection of galectin‑3, and the other two parts were fixed in 
formalin solution and paraffin‑embedded to detect galectin‑3 
by immunohistochemistry (IHC) and apoptosis by using the 
TUNEL assay. Blood samples were collected from patients in 
anti-coagulant tubes to determine the macrophage content.

Patients provided consent for the inclusion of their data 
and samples to the ‘Pregnancy tissue sample bank and patient 
clinical database for MA patients’ at the Guangzhou Women 
and Children Medical Center.

TUNEL assay. Apoptosis of villi was determined using the 
TUNEL apoptosis detection kit (cat. no. C1098; Beyotime 
Institute of Biotechnology, Haimen, China). Paraffin sections 
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of villous tissue were de-waxed with xylene, and the rehy-
drated with graded ethanol and water. Proteinase K (20 µg/ml; 
cat. no. A5104530; Sangon Biotech Co., Ltd., Shanghai, China) 
without DNase was added dropwise to the tissue samples 
followed by incubation at 37˚C for 30 min. Subsequently, the 
samples were incubated in PBS with 3% hydrogen peroxide 
for 20 min at room temperature and washed three times 
with PBS. The tissue was then covered with 50 µl TUNEL 
assay solution and incubated at 37˚C for 60 min in the dark. 
Following washing with PBS, 0.1 ml labeled reaction stop 
solution was added and samples were incubated for 10 min at 
room temperature. Streptavidin-horseradish peroxidase (HRP) 
working solution (50 µl) was added, followed by incubation for 
30 min at room temperature and washing for three times with 
PBS. Diaminobenzidine (DAB) coloring solution (0.2 ml) was 
added, samples were incubated for 5 min at room temperature 
and washed 3 times with PBS. Following staining with hema-
toxylin for 2 min, slides were washed with pure water, dried 
and sealed with neutral resin.

Under a microscope, dark brown-yellow granules 
appeared in the cytoplasm of apoptotic cells. For each slice, 
3 non‑overlapping higher‑power fields (magnification, x250) 
in the same position were selected. The number of apoptotic 
cells per 200 cells was counted in each field of view. The 
apoptotic rate/index was the average of the percentage of 
positive cells, which represented the degree of apoptosis (apop-
totic index=number of TUNEL-positive cells/total count of 
nuclei x100%).

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Tissue samples (10 mg) frozen in liquid nitrogen 
were ground into powder. Total RNA was extracted from 
powdered tissue samples using the RNAprep pure Tissue kit 
(cat. no. DP431; Tiangen Biotech Co., Ltd., Beijing, China), 
according to the manufacturer's protocol. Total RNA was 
reverse transcribed into cDNA using the FastQuant RT kit 
(cat. no. KR106; Tiangen Biotech Co., Ltd.), according to the 
manufacturer's protocol. qPCR was performed using 2X Talent 
qPCR PreMix (cat. no. FP209; Tiangen Biotech Co., Ltd.). The 

following primer pairs were synthesized by Sangon Biotech 
Co., Ltd. (Shanghai, China) and used for qPCR: Galectin-3 
forward, 5'-TGC CTT TGC CTG GGG GAG T-3' and reverse, 
5'-CTG TTG TTC TCA TTG AAG CGT GGG-3'; β-actin forward, 
5'-AGC GAG CAT CCC CCA AAG TT-3' and reverse, 5'-GGG 
CAC GAA GGC TCA TCA TT-3'. The following thermocycling 
conditions were used for qPCR: Initial denaturation at 95˚C for 
3 min; 40 cycles of 95˚C for 5 sec, 60˚C for 10 sec and 72˚C 
for 15 sec. Galectin‑3 mRNA levels were quantified using the 
2-ΔΔCq method and normalized to the internal reference gene 
β-actin (36).

ELISA. Galectin-3 protein levels in villous tissue were 
detected using a Galectin-3 Human SimpleStep ELISA® 
Kit (cat. no. ab188394; Abcam, Cambridge, UK). Following 
grinding of 100 mg tissue in dry ice, 500 µl pre-cooled 1X Cell 
Extraction Buffer PTR containing 100 mM phenylmethane 
sulfonyl fluoride was added, followed by mixing and sonica-
tion in an ice-water bath. The sample was incubated on ice for 
20 min and then centrifuged at 18,000 x g for 20 min at 4˚C. 
The supernatant was transferred to a new tube and the tissue 
protein concentration was detected using the Pierce BCA 
Protein Assay Kit (cat. no. 23225; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA). Determination of galectin-3 protein 
concentration was then performed according to the manufac-
turer's protocol for the Galectin-3 Human Simple Step ELISA® 
kit. Each sample was assessed in three replicates. The protein 
concentration of galectin-3 in the sample was determined by 
measuring the absorbance at a wavelength of 450 nm using 
a microplate reader (ELX800; BioTek Instruments, Inc., 
Winooski, VT, USA).

Immunohistochemistry. Paraffin‑embedded slides were baked 
at 60˚C for 1 h. Dewaxing and rehydration were performed 
using xylene, ethanol and tap water. Following incubation in 
3% H2O2 at room temperature for 10 min, samples were washed 
three times with distilled water. The slides were immersed in 
0.01 M citrate buffer, heated to boil in a microwave and then 
allowed to cool to room temperature, followed by blocking 
with 5% bovine serum albumin (BSA; cat. no. V900933; 
Sigma-Aldrich, Merck KGaA, Darmstadt, Germany).

The samples were incubated with the primary antibody 
anti-galectin 3 (1:200; cat. no. PB9081; Boster Biotechnology, 
Wuhan, China) overnight  at 4˚C. Following washing with 
PBS, they were incubated with goat anti-rabbit immuno-
globulin G (H+L) secondary antibody, biotin conjugate 
(1:200; cat. no. BA1003; Boster Biotechnology) at 37˚C for 
1 h. Subsequent to washing with PBS, samples were incubated 
with HRP‑streptavidin (1:500) for 30 min at 37˚C and washed 
again with PBS, followed by addition of DAB color reagent 
and incubation for 2 h at room temperature. The slides were 
counterstained with hematoxylin, rinsed, air-dried and slides 
were sealed with neutralresinsize and examined under a fluo-
rescent microscope (TE2000-E; Nikon Corporation, Tokyo, 
Japan). The appearance of brown‑yellow granules indicated a 
positive result. From each slide, 5 high‑power fields (magni-
fication, x400) were randomly chosen. The percentage of 
positive cells was scored as follows: <10%, 0 points; 10-25%, 
1 point; 26-50%, 2 points; and >50%, 3 points. The staining 
intensity was scored as follows: Pale yellow, 1 point; brownish 

Figure 1. Percentage of missed abortions in SA patients. The percentage 
of missed abortions in 15,000 SA patients at the Guangzhou Women and 
Children's Medical Center (Guangzhou, China) during 2013‑2018.
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yellow, 3 points; and an intermediate between the two colours, 
2 points. The percentage score and staining intensity score were 
multiplied to obtain the final score: 0, negative (‑); 1‑3, weakly 
positive (+); 4-6, positive (++); and 7-9, strongly positive (+++).

Macrophage assay. A blood  analyzer  (Sysmex XE‑5000; 
Sysmex Corp., Kobe, Japan) was used to detect the macrophage 
content of blood samples according to the manufacturer's 
protocol.

Statistical analysis. All statistical analyses were performed 
using GraphPad Prism statistical software (version 6.0; 
GraphPad Inc., La Jolla, CA, USA). Data presented as  the 
mean ± standard error of the mean. Student's t-test was used 
to analyze differences between two groups. One‑way analysis 
of variance followed by Student-Newman-Keuls post-hoc 
test was used to analyze differences among multiple groups. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Clinical information of patients with MA. Since 2013, the 
proportion of MA among the total abortions encountered 
at  Guangzhou  Women  and  Children's  Medical  Center 
(Guangzhou, China) has increased from 24.14 to 30.50%, with 
an average 1% per year, indicating that MA is an increasing 
concern.

The age, BMI, number of abortions, number of births, 
history of miscarriage, history of surgery (gynecological 
surgery), number of pregnant menopause weeks and the number 
of weeks gestation at time of miscarriage were recorded for 
all patients with MA (Table I). Of note, none of the patients 
with MA had any history of miscarriage treatment, premature 
rupture of membranes, endometriosis, drug allergies, mental 
illness, hypertension, thrombosis or trauma during pregnancy. 
All conceptions were natural without any assistance of repro-
ductive technology. As the embryos stopped developing and 
remained in the uterus, it was required to perform a negative 
pressure aspiration.

Apoptotic index of chorionic villi. Apoptosis of villi was deter-
mined using TUNEL (Fig. 2A and B). The apoptotic index in 
the SA group was 2.93±0.44%, while that in the MA group 
was significantly higher at 4.80±0.60% (P<0.05; Fig. 2C).

RT‑qPCR detection of galectin‑3 mRNA in villous tissue. The 
melting curves for galectin-3 and β-actin had a single peak 
and the dissolution temperature was ~80˚C. The results of the 
RT-qPCR analysis indicated that the relative expression of 
galectin‑3 mRNA in the MA group was significantly higher 
than that in the SA group (2‑∆∆Cq=1.20±0.02 vs. 1.00±0.05; 
P<0.05; Fig. 3A). In terms of different time-points of MA 
occurring, the MA patients were divided into two groups, MA 
occurring <4 weeks gestation and MA occurring >4 weeks 
gestation. Compared with the SA group, the galectin-3 mRNA 
levels in the MA at <4 weeks subgroup were significantly lower 
(2‑∆∆Cq=1.00±0.00 vs. 0.47±0.02; P<0.05; Fig. 3B). However, 
in the MA at >4 weeks subgroup, the galectin-3 mRNA 
levels were significantly higher than those in the SA group 

(2‑∆∆Cq=1.00±0.05; P<0.05; Fig. 3B). Those results suggested 
that that the expression level of galectin‑3 was significantly 
increased in the MA group compared with the SA group. 
The expression of galectin-3 in early MA group (<4 weeks) is 
decreased compared with the SA group. The expression level 
of galectin-3 in the MA group gradually increases with time.

Protein levels of galectin‑3 in chorionic villi detected by ELISA. 
As presented in Fig. 4A, the mean protein level of galectin-3 
detected by ELISA in the SA group was 19.12±3.43 ng/ml and 
that in the MA group was 21.6±3.15 ng/ml. The protein level 
of galectin-3 in the MA group was slightly higher than that in 
the SA group and the difference was statistically significant 
(P<0.05). Regarding the different time-points of MA occur-
ring, the protein levels of galectin-3 in the subgroup with MA at 
<4 weeks (18.26±3.67 ng/ml) were slightly lower than those in 
the SA group (19.3±3.43 ng/ml), and in the subgroup with MA 
at >4 weeks, the protein levels of galectin-3 (22.04±3.68 ng/ml) 
were higher than those in the SA group; however, the differ-
ences were not statistically significant (P>0.05; Fig. 4B).

IHC detection of galectin‑3 protein levels in villi. In villous 
trophoblasts, galectin-3 protein was mainly expressed in the 
cell membrane, cytoplasm and nuclear membrane. Galectin-3 
expression was indicated as brown DAB staining in the 
cytoplasm (red arrows; Fig. 5A-C). The score of galectin-3 
expression in the SA group was 4.84±1.44 and the posi-
tive (++) rate was 100%. The score of galectin-3 expression in 
the MA group was 5.48±1.40. The rate of weakly positive (++), 
positive (++) and strongly positive (+++) staining was 20, 60 
and 20%, respectively. As presented in Fig. 6, the difference 
between the SA and MA in the overall galectin-3 staining 
score was not statistically significant (P>0.05).

Macrophage levels in the blood. The mean concentration of 
macrophages detected in in the MA group (0.45±0.19 109/l) was 
slightly, but not significantly higher than that in the SA group 
(0.40±0.11 109/l; P>0.05; Fig. 7A). Regarding the different 
time-points of MA, the macrophage levels in the subgroup with 
MA at <weeks (0.35±0.12 109/l) were lower than those in the 
SA group (0.40±0.11 109/l), while those in the subgroup with 
MA at >4 weeks (0.57±0.19 109/l) were higher than those in the 
SA group (P<0.05; Fig. 7B). These results support the current 
study hypothesis that galectin-3 accumulation is associated 
with alternative activation of macrophages following extensive 
apoptosis.

Discussion

The present study assessed samples from patients with unex-
plained MA and SA. Neither the patients with MA nor SA 
included in the present study had any history of pre-mature 
rupture of membranes, endometriosis, drug allergies, mental 
illness, hypertension, thrombosis or trauma during pregnancy. 
RT-qPCR, ELISA and IHC were used to detect the mRNA and 
protein levels of galectin-3 in villous tissue, and it was indicated 
that the protein expression of galectin-3 in the MA group was 
higher than that in the SA group. Furthermore, the apoptotic 
indices of chorionic villi in the MA group were higher than 
those in the SA group. Of note, it was observed that galectin-3 
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mRNA and protein expression levels were decreased in those 
patients with the time-point of MA of <4 weeks (post-menstru-
ation) compared with those in the SA group. However, in those 
patients with MA occurring at >4 weeks, the expression of 
galectin-3 was higher than that in the SA group.

Galectin-3 is a β-galactoside binding protein that has 
roles in various biological processes, including cell growth, 
differentiation, cell adhesion and apoptosis (37). It has been 
reported that galectin-3 is highly expressed in chorionic villi 
and decidua during the third trimester of pregnancy (38). 
17β-estradiol (E2), progesterone and human chorionic gonado-
tropin (hCG) were indicated to induce the expression and 
secretion of galectin-3 in BeWo trophoblast cells and 17β-E2 
was also demonstrated to participate in the differentiation 
process of trophoblast cells through regulating galectin-3 (24). 
Furthermore, hCG was reported to regulate galectin-3 to 

prepare for embryo implantation into the endometrium (25). 
Previous studies demonstrated that galectin-3 may have an 
important role in embryo implantation through regulation of 
macrophage levels in the blood, and this was also observed 
in the current study. Comparison among pregnant women 
with surgical and medical abortion (gestation age <13 weeks) 
revealed that galectin-3 expression in the placental villi was 
significantly reduced. The present study also indicated that 
galectin-3 expression was decreased in the placental villi of 
MA patients with a time-point of MA of <4 weeks compared 
with those in SA patients with a time-point of MA <4 weeks. 
A reduction of galectin-3 affects the normal development of 
the embryo, as well as the interaction between the villi and 
the endometrium, which impairs the invasive ability of tropho-
blast cells (39). Studies have indicated that overexpression of 
galectin-3 in tumor cells increases the degree of malignancy 

Table I. Clinical information of patients with MA.

Age BMI Number   History of Pregnant Gestational Missed
(years) (kg/m2) abortion Gravidity History of MA surgery menopause week week week

39 23.7 0 2 N N 11 7 4
31 24.2 1 2 N N 13 5 8
31 21.9 0 2 N N 15 6 9
27 22.5 0 1 N N 17 8 9
31 21.2 0 1 N N 10 9 1
21 19.8 0 1 N N 18 11 7
28 18.8 0 1 N N 11 9 2
26 22.2 0 1 N N 14 7 7
20 24.1 1 2 N N 11 6 5
28 26.5 1 1 N N 12 11 1
40 17.7 1 1 N Y 14 7 7
29 19.4 1 1 N N 20 9 11
35 19.3 0 2 N N 11 11 0
30 27.1 3 4 Y N 8 7 1
36 23.1 1 3 N N 18 8 10
46 26.6 1 1 N N 10 7 3
29 22.2 0 0 N N 12 9 3
40 20.7 0 3 N N 11 8 3
28 25 1 2 N N 13 8 5
26 19.8 1 1 N N 12 6 6
28 23.3 3 3 Y N 12 7 5
39 26.9 0 2 N Y 14 11 3
29 22.1 2 2 Y N 13 9 4
34 20.5 3 6 N N 11 6 5
42 19.9 0 2 N Y 15 7 8
36 18.5 2 2 Y N 13 8 5
26 18.2 1 2 Y N 15 8 7
46 40.9 1 1 N Y 12 6 6
34 34.8 0 1 N N 13 8 5
30 33.3 0 1 N N 13 7 6
33 29.2 2 4 N Y 12 5 7
31 33.0 1 2 N N 17 8 9

MA, missed abortion; Y, yes; N, no; BMI, body mass index.



XIAO et al:  GALECTIN-3 LEVELS AND APOPTOSIS IN MA2628

of the tumor, while galectin-3 acts as an anti-apoptotic 
factor to regulate apoptotic responses (40,41). Based on the 
striking similarity in the growth and developmental biological 
processes between the ‘pseudo-malignant’ trophoblastic cells 

of blastocyst and malignant tumor cells, it may be speculated 
that the low expression of galectin-3 in the villous trophoblast 
cells led to cell apoptosis. Early MA was associated with 
downregulation of galectin-3 expression compared with the 

Figure 2. Level of apoptosis in chorionic villi tissue samples from patients in the SA and MA group. The level of apoptosis was determined by TUNEL assay in 
tissue samples obtained form patients in the (A) SA and (B) MA group (magnification, x250). Red arrows indicate apoptotic cells and the blue arrows indicate 
cell nuclei counterstained with hematoxylin. SA, spontaneous abortion; MA, missed abortion; TUNEL, terminal deoxynucleotidyl-transferase mediated 
dUTP nick end labeling. (C) Quantification of apoptosis in chorionic villi tissue samples from patients in the SA and MA group determined by TUNEL assay. 
*P<0.05 vs. SA group. SA, spontaneous abortion; MA, missed abortion; TUNEL, terminal deoxynucleotidyl-transferase mediated dUTP nick end labeling.

Figure 3. Galectin-3 mRNA expression in chorionic villi of the SA and MA groups. The relative mRNA expression levels of galectin-3 were determined by 
RT‑qPCR in chorionic villi tissue samples from patients in the SA and MA group. (A) The expression level of galectin‑3 was significantly increased in the MA 
group compared with the SA group. (B) The expression of galectin-3 in early MA group (<4 weeks) is decreased compared with the SA group. The expres-
sion level of galectin-3 in the MA group gradually increases with time. *P<0.05 vs. SA group. SA, spontaneous abortion; MA, missed abortion; RT-qPCR, 
reverse-transcription quantitative polymerase chain reaction; 4 w, 4 weeks.
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SA group, which likely contributes to apoptosis. In addition, 
galectin-3 expression increased with the advancement of the 
time-point of MA.

 Furthermore, it was reported that BeWo trophoblast 
cells secrete galectin-3 to inhibit the proliferation of RL95-2 
endometrial cells and to mediate endometrial apoptosis by 

activating RL95-2 cells to secrete integrin β1 (34). It has been 
indicated that during embryo implantation, endometrial cells 
undergo proliferation and apoptosis under the regulation of 
estrogen, progesterone and hCG and the action of galectin-3, 
which is secreted by trophoblast cells, to facilitate this process. 
Although galectin-3 secreted by BeWo cells was observed 
to induce apoptosis in endometrial cells, under induction 
by 17β-E2, RL95-2 cells exhibit and upregulated galectin-3 
expression and reduced apoptosis induced by staurospo-
rine (34). High expression and secretion of galectin-3 may 
selectively activate macrophages, which have important roles 
in tissue damage and repair, while it depends on the degree of 
damage and the effect time whether their role is pathogenic 
or reparative (42). An effective endometrial environment 
for embryo implantation is established on the basis of the 
balance between extracellular galectin-3 with pro-apoptotic 
and endometrial cell galectin-3 with anti-apoptotic effects. In 
the present study, it was revealed that galectin-3 was highly 
expressed in villous trophoblast tissue of MA patients with a 
time-point of MA of >4 weeks. It was speculated that due to a 
compensatory mechanism during early MA, trophoblast cells 
secreted excessive galectin-3 to cause massive apoptosis of 
endometrial cells. Via this process, the normal development of 
the endometrium and villi in early pregnancy was affected and 

Figure 4. Galectin-3 protein expression in chorionic villi of the SA and MA groups. The relative mRNA expression levels of galectin-3 were determined by 
ELISA in chorionic villi tissue samples from patients in the SA and MA group. (A) The galectin‑3 protein expression level is significantly higher in the MA 
group compared with the SA group. (B) The galectin‑3 protein expression level in the early MA group (<4 weeks) is not significantly different compared 
with the SA group; whilst the galectin‑3 protein expression level in the late MA group (>4 weeks) was significantly higher compared with the SA group. 
*P<0.05 vs. SA group. SA, spontaneous abortion; MA, missed abortion; 4 w, 4 weeks.

Figure 5. Galectin-3 protein expression in SA and MA groups determined by IHC. Galectin-3 protein expression was examined in chorionic villi tissue samples 
from patients in the (A) negative control, (B) SA group and (C) MA group (magnification, x400). Red arrows indicate galectin‑3‑positive expression in cells 
stained by DAB and blue arrows indicate cell nuclei counterstained with hematoxylin. SA, spontaneous abortion; MA, missed abortion; IHC, immunohisto-
chemistry; DAB, diaminobenzidine.

Figure 6. Quantification of galectin‑3 protein expression  in SA and MA 
groups determined by IHC. SA, spontaneous abortion; MA, missed abortion; 
IHC, immunohistochemistry.
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the interaction between the villi and the endometrium further 
promoted MA (34). A limitation of the present study was that 
galectin‑3 was not detected in extracellular fluid or decidual 
tissues. Detection of the intracellular and extracellular levels 
of galectin-3 may have had a greater scope of revealing the 
mechanism of villous trophoblast cells causing apoptosis 
of endometrial cells by excessive secretion of galectin-3. It 
may also further prove that extracellular galectin-3 promotes 
apoptosis, while galectin-3 inside of endometrial cells inhibits 
apoptosis. An imbalance of intra- and extracellular galectin-3 
may trigger embryonic developmental abnormalities, which 
ultimately result in MA.

In summary, the present study suggested that early 
MA is associated with apoptosis of placental villi due to 
down-regulation of galectin-3. With the advancement of the 
time-point of MA, galectin-3 in placental villi was increased 
and placental survival may have been extended via compen-
satory protective mechanisms. Excessive galectin-3 secreted 
from trophoblast cells likely caused excessive apoptosis of 
endometrial cells, which affected the normal development 
of endometrium and villi in early pregnancy. The interaction 
between villi and endometrium further contributed to the 
eventual occurrence of MA. As a likely underlying mecha-
nism of MA, it is important to elucidate the exact association 
between apoptosis and galectin-3 in the corresponding cell 
types, which will be further assessed in detail in a future study. 
The present study provided a potential mechanism of MA 
from a perspective of apoptosis and also provided potential 
therapeutic approaches to prevent MA.
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