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Decreased secretion of WNT3 by deciduas of URSA
patients leads to trophoblast cell dysfunction
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Abstract: It is well known that rapid development of placental structures during the first weeks of gestation is criti-
cal for embryonic survival and maintenance of pregnancy, in which WNT3 has been reported to play a critical role.
However, the precise role WNT3 plays in the first-trimester trophoblast cells remains unknown. In present study, the
expression level of WNT3 in the decidual tissues was compared between the unexplained recurrent spontaneous
abortion (URSA) patients and healthy control women through Western blot. The function of WNT3 on trophoblast
cells was investigated by altering the extracellular WNT3 level in vitro. The molecular mechanism of the effect of
WNT3 on trophoblast cells was investigated by studying the association of WNT3 with the Wnt/B-catenin signalling
pathway through Western blot and immunofluorescence. Results showed that WNT3 protein expression was signifi-
cantly decreased in deciduas of the URSA group compared with those of the control group, suggesting that WNT3
might regulate trophoblast function mainly through a paracrine way during early pregnancy. In vitro studies showed
that WNT3 could promote human trophoblast cell proliferation and migration via activation of the Wnt/3-catenin
signaling pathway. In conclusion, our study indicated that WNT3 deficiency might lead to impaired trophoblast cells
proliferation and migration via the downregulation of Wnt/B-catenin signaling pathway.
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Introduction

Rapid development of placental structures dur-
ing the first weeks of gestation is critical for
embryonic survival and maintenance of preg-
nancy [1]. The proliferation, migration and inva-
sion of the most important cells in early preg-
nancy, human trophoblasts, are crucial pro-
cesses for normal placental and fetal develop-
ment [2]. Defects in trophoblast cell function
are closely associated with adverse pregnancy
complications, including recurrent spontane-
ous abortion (RSA) which was defined as two or
more consecutive miscarriages before 20
weeks gestation with the same partner [2, 3].
RSA occurs in 1%-5% women of reproductive
age, and has a negative effect on human repro-
ductive health [4]. Except for some verifiable
etiological factors, such as infection, endocrine
disorder, anatomic deformation, chromosomal
abnormality and metabolic and autoimmune
diseases, there are still approximately 50% of
cases with unknown cause and are referred to

as unexplained recurrent spontaneous abor-
tion (URSA) [5]. Previous studies showed that
besides a strong intrinsic molecular program
mediating the function of trophoblast, endo-
crine secretions from uterine cells are likely
necessary for early stages of trophoblast devel-
opment [6, 7]. Endometrial secretion disorder
could be a potential cause of early stage tro-
phoblast dysfunction [6]. However, the soluble
decidual factors controlling growth and differ-
entiation of trophoblast cells during early gesta-
tion remain poorly elucidated.

Recently, accumulating evidence suggests that
the canonical Wnt pathway involving nuclear
recruitment of B-catenin and activation of Wnt
dependent transcription factors are critically
involved in endometrial function, implantation
and placental development [8]. Failures in Wnt
signalling are associated with gestational dis-
eases such as URSA [9, 10]. Some study report-
ed that Wnt ligands could play a role in early
placental function and differentiation in an
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Table 1. Characteristics of URSA and control subjects (mean + SD and

range of values)

were outpatients at the
Department of Obstetrics

No. of

n Age (vears) miscarriages

Gestational age (weeks)

and Gynecology, Yantai Yu-
huangding Hospital, Shan-

URSA 50 30.02+3.07 (24-35) 2.54+0.65 (2-4)

Control 50 29.72+3.23 (25-36) 0

8.56+1.13 (7-12)
8.20+0.69 (7-9)

dong province. The inclu-
sion criteria were: i) had
experienced at least two
consecutive first-trimester

URSA versus control: Age, P = 0.512 (Student’s t-test). Gestational age, P = 0.62
(Mann-Whitney U-test). URSA, unexplained recurrent spontaneous abortion; SD, stan-

dard deviation.

autocrine manner [11]. However, detection of
various Wnt ligands in human endometrial cells
suggested that paracrine activation of the Wnt
pathway could also regulate trophoblast devel-
opment and function [12]. Therefore, how
decidua-derived Wnt ligands control growth
and differentiation of trophoblast cells during
early gestation still waits to be explained.

WNT3, an activator of the canonical Wnt/B-
catenin pathway, plays a critical role in develop-
mental process [13]. In mice, Wnt3 is expressed
prior to gastrulation and its targeted deletion
causes an early developmental arrest [14]. In
human, homozygous nonsense mutation within
the WNT3 coding region (Q83X) resulted in the
loss of all limbs with craniofacial and urogenital
defects in affected fetuses [15]. WNT3 may
also regulate trophectoderm lineage differenti-
ation in human blastocysts [16]. Moreover,
WNT3 showed elevated expression in the prolif-
erative endometrium, suggesting that it might
regulate trophoblast development and function
through paracrine way [12]. However, the pre-
cise role of decidua-secreted WNT3 in first-tri-
mester trophoblast cells is unknown.

In the present study, the expression of WNT3 in
deciduas of normal pregnant women and URSA
patients was examined. The function of WNT3
in first-trimester trophoblast cells was also
studied in vitro. We demonstrated that the
expression of WNT3 was lower in deciduas of
URSA patients than in normal pregnant women,
and that WNT3 protein could promote the pro-
liferation and migration of first-trimester tro-
phoblast cells via activating the canonical Wnt/
B-catenin pathway.

Materials and methods
Clinical samples

A total of 50 patients underwent spontaneous
abortion were enrolled in this study, all of whom
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miscarriages of unexpl-
ained cause; ii) failed preg-
nancy was confirmed by
ultrasound; iii) diagnosed
as URSA after excluding any verifiable causes;
iv) the karyotypes of both the patient and their
male partners were normal; v) patient’s male
partners had normal semen quality according
to the criteria from the 2010 World Health
Organization guidelines [17]. The exclusion cri-
terion was abortion caused by verifiable
causes.

Another group of 50 randomly selected healthy
women undergoing a legal termination of appar-
ently normal early pregnancies at the same
facility were recruited as control, with inclusion
criteria described before [10]. All women in con-
trol group had at least one living child, with no
history of spontaneous abortion, ectopic preg-
nancy, preterm delivery, or stillbirth. In all 50
normal cases, fetal heart activity had been
identified within 2 weeks before sample collec-
tion. There was no significant difference in age
or gestational weeks between the URSA and
control groups (Table 1). All procedures were
approved by the ethics review board of Yantai
Yuhuangding Hospital. Moreover, the informed
consent was also obtained from all partici-
pants. The study was conducted in accordance
with the Declaration of Helsinki guidelines.

RNA isolation and quantitative PCR

Quantitative PCR was performed as described
previously [10]. B-actin was used as endoge-
nous reference. The relative expression levels
of downstream targets of Wnt/B-catenin in
HTR-8/SVneo cells were calculated by the
2-AACt method [18]. All experiments were per-
formed in triplicate. The primer sequences
were as follows:

MMP-2 forward: 5-GGCACCCATTTACACCTACA-
3, reverse: 5-TCTGAGCGATGCCATCAAATA-3’; c-
Myc forward: 5-CGACTCTGAGGAGGAACAAGA-
AGA-3’, reverse: 5-TGCGTAGTTGTGCTGATGTGT-
G-3’; CyclinD1 forward: 5-AGCTGTGCATCTAC-
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ACCGACAA-3’, reverse: 5-TGTTTGTTCTCCTCCG-
CCTCTG-3’; B-actin forward: 5-ACCATGTACCCT-
GGCATTG-3’, reverse: 5’-GTCATACTCCTGCTTGC-
TGAT-3'.

Western blot

Total proteins were extracted and Western blot
analysis was performed as described previous-
ly [10]. using the following primary antibodies:
anti-WNT3 (ab32249, rabbit, Abcam Inc, Cam-
bridge, Massachusetts), anti-B-catenin (9587,
rabbit, Cell Signaling Technology, Danvers, MA,
USA), anti-active-B-catenin (anti-ABC, clone
8E7, 05-665, mouse, Merck Millipore, Billerica,
MA), anti-B-actin (sc-81178, mouse, Santa Cruz
Biotechnology, Inc., Dallas, TX, USA) and anti-
Lamin B (13435, rabbit, Cell Signaling Techno-

logy).

Cell culture and proliferation assay

HTR-8/SVneo cells were cultured in DMEM/F12
medium (GIBCO, Grand Island, NY) supple-
mented with 10% fetal bovine serum (FBS),
100 U/ml penicillin, and 100 mg/ml streptomy-
cin (GIBCO) at 37°C with 5% CO, humidified air
according to standard procedures.

To evaluate the effect of WNT3 protein on pro-
liferation of trophoblast cells, 3-(4, 5-dimethyl-
thiazol-2-yl)-2,5-diphenyl-tetrazolium bromide
(MTT) colorimetric assay was performed. Cells
were seeded in 96-well plates at a density of
3x10°2 per well and cultured in 180 yul DMEM/
F12 with 10% FBS until 60% confluency. Sub-
sequently, cells were treatment with 200 ng/ml
recombinant WNT3 (HO0007473-P01, Abnova,
Taiwan) for 1-3 days at 37°C. On each day, 0.5
mg/ml final concentration of MTT was added
followed by 2 h incubation. Then the medium
was removed and 100 pl per well DMSO (Sigma,
Aldrich) was added. The plates were kept in
darkroom for 15 min and the optical density
(OD) value of each well was measured spectro-
photometrically at 490 nm.

Wound healing assay

Wound healing assay was used to evaluate the
migration ability of trophoblast cells. Cells were
seeded into the 6-well plates at a density of
5x105 cells per well and incubated in medium
containing 10% FBS. To avoid the effect of
serum on cell migration and induce cell syn-
chronization, cells were starved with serum-
free medium for 24 h before the assay when
they reached 90% confluency. Then a 200 ul
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pipette tip was used to scratch a straight wound
tract through the middle of the cell monolayer.
Each well was gently washed with PBS to re-
move the detached cells. Then the cells were
cultured with recombinant WNT3 (rWNT3,
HO0007473-P01, Abnova, Taiwan). Migration
distance was calculated by subtraction of the
gap distance at 18 h from that at O h (immedi-
ately after scratching). Results were obtained
from 3 independent experiments with 10 mea-
surement points each.

Subcellular fractionation

Subcellular fractionation was performed ac-
cording to Wang et al [19]. Briefly, collected
HTR-8/SVneo cells were resuspended in hypo-
tonic buffer (42 mM KCI, 10 mM Hepes pH 7.4,
5 mM MgCl,, 10 ug/ml each aprotinin and leu-
peptin). Nuclei homogenates were removed by
centrifugation at 14000xg for 10 min at 4°C.

Immunofluorescence

HTR-8/SVneo cells were cultured on micro-
scope cover glasses (Fisherbrand, USA) until
60% confluency. After complete removal of the
normal culture medium, cells were subsequent-
ly cultured with rWNT3 (HO0007473-P01, Ab-
nova, Taiwan). Cells treated with 30 uM lithium
chloride (LiCl, Sigma, USA) were used as posi-
tive control [20]. After 30 h incubation, the cells
were fixed in 4% paraformaldehyde for 15 min
at room temperature and permeabilized with
0.1% Triton X-100 for 5 min. Then the fixed cells
were incubated with 3% bovine serum albumin
(BSA) in PBS solution at room temperature for
60 min, washed three times with PBS, and incu-
bated with anti-B-catenin primary antibody
(9587, rabbit, Cell Signaling Technology, Dan-
vers, MA, USA) at 1:50 dilution for 1 hour at 4°C
overnight. After washes in PBS, cells were incu-
bated with FITC-labeled goat anti-rabbit sec-
ondary antibodies (ZSGB-BIO, Beijing, China) at
1:200 dilution at room temperature for 1 h.
Normal rabbit IgG was used as negative con-
trol. The nuclei were labeled with DAPI (1:1000)
for 10 min. Images were obtained by confocal
laser scanning microscopy (LSM-510, Carl
Zeiss, Jena, Germany).

Statistical analysis

Statistical analyses were performed using
SPSS 18.0. The Student’s t-test or the Mann-
Whitney U-test was used to compare the statis-
tical significance of differences. Mean + 2SD of
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Figure 1. Decreased expression of WNT3 and active B-catenin in villi and deciduas of normal pregnant women and
URSA patients. Representative protein expression (A) and the quantification (B) of WNT3 and active B-catenin in villi
and deciduas by Western blots and densitometry. The proportion of URSA group with low levels of WNT3 and active
B-catenin (at least 2SD lower than normal values) is also presented (B). Values are mean + SD. #*Values significantly
lower than that of normal group (Mann-Whitney U-test, P < 0.05). *Significantly higher proportion of samples differed

from normal samples (Fisher’s exact test, P < 0.05). n = 50 for each group.

the reference value were considered as the cut-
off value for classification as lower or higher
than the reference value. Frequencies bet-
ween the two groups were compared Fisher’s
exact test. Differences were considered to be
statistically significant when P < 0.05.

Results

Decreased expression of WNT3 and active
B-catenin in decidual tissues of normal preg-
nant women and URSA patients

During pregnancy, the uterine decidual tissue
and villous tissue affect each other through
secretion of regulatory factors. Therefore, the
expressions of WNT3 and active B-catenin,
which is a downstream component of WNT3
and marker for Wnt signalling activation, in
decidual tissues and villous tissues from 50
normal pregnant women and 50 URSA patients
were evaluated by Western blot (Figure 1A).
Quantification analysis showed weak expres-
sion of WNT3 in villous tissues from both
groups but high expression in decidual tissues
from normal pregnant women. For URSA
patients there was lower level of WNT3 expres-
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sion in decidual tissues than normal pregnant
women (P < 0.001). There were 52% of the
URSA women whose WNT3 expression levels
were at least 2SD lower than those from normal
pregnant women (Figure 1B). Moreover, the
expression of active B-catenin was significantly
decreased in both the decidual and villous tis-
sues of URSA patients compared to normal
pregnant women (P < 0.001) (Figure 1B). The
proportion of samples from URSA women with
active B-catenin levels at least 2SD lower than
those from normal pregnant women was 54%
(P < 0.001, Figure 1B) and 38% in villous tis-
sues and decicual tissues respectively.

Recombinant WNT3 promoted trophoblast cell
proliferation and migration in vitro

Cell proliferation assay and wound healing
assay showed that the cells treated with recom-
binant WNT3 (rWNT3) displayed increased cell
proliferation and migration compared to un-
treated cells (Figure 2A and 2B). Furthermore,
the mRNA expression level of MMP-2, c-Myc,
CyclinD1 were upregulated in the rWNT3 treat-
ed cells (Figure 2C).

Int J Clin Exp Pathol 2017;10(6):6827-6835



Decreased WNT3 affect function of trophoblasts

& c 25 ¢ o untreated
5 * . @ TWNT3
05 r " -o- untreated 8 2t
%* @ *
- rWNT3 a
0.4 315}
R 03 z
3 !0
o 02 o
=
0.1 §o.s .
[]
0 L L ) o 0 " "
1 2 3 MMP-2  ¢-Myc CyclinD1
Time (days)
B Oh 18h
o 25
— —
untreated § *
2 2¢
-
s
215t
©
2 I
E 1
2 l
G 05
L
r'WNT3 ¢ .
—» -— . untreated rWNT3

Figure 2. WNT3 promoted trophoblast cell proliferation and migration in vitro. Proliferation (A) and migration (B) of
HTR-8/SVneo cells treated with 200 ng/ml rWNT3 or negative control medium were evaluated by MTT assay (n = 3,
Student’s t-test; *P < 0.05) and wound healing assay, respectively. Ratio of the migration distance in wound healing
assay was shown in the right panel. Ratio of the migration distance = (Gap distance -Gap distance ;) s/ (Gap
distance, -Gap distance,; ) . ...- RESUItS were obtained from 3 independent experiments with 10 measurement
points each (Student’s t-test; *P < 0.05). (C) Quantification of MMP-2, c-Myc and CyclinD1 mRNA expression in HTR-
8/SVneo cells treated with rWNT3. The expression levels of MMP-2, c-Myc and CyclinD1 in HTR-8/SVneo cells were
calculated by the 222t method (n = 3, Student’s t-test; *P < 0.05). The average level of MMP-2, c-Myc and CyclinD1
mMRNA expression in negative control cells set as 1.0.

WNT3 promoted cell proliferation and migra-
tion via nuclear translocation of B-catenin

To explore the underlying molecular mecha-
nism of the growth-enhancing effect of rWNT3
on trophoblast cell, the Wnt/B-catenin signal-
ling pathway in HTR-8/SVneo cells was charac-
terized. Western blot revealed that rWNT3
resulted in elevated levels of both B-catenin
and active B-catenin in HTR-8/SVneo cells (Fig-
ure 3A, top). In order to determine whether the
accumulated B-catenin proteins in cytoplasm
might enter the nucleus, subcellular fraction-
ation and immunofluorescence was performed
30 h after cells were cultured either with
rWNT3. Subcellular fractionation showed that
the level of 3-catenin and active B-catenin both

6831

increased in the nucleus of the cells treated
with rWNT3 (Figure 3A, bottom). Immunofluo-
rescence staining showed that besides the
localization on the membrane, (3-catenin could
also be detected in the nucleus of the rWNT3
cultured cells, demonstrating its nuclear trans-
location (Figure 3B). As a positive control, LiCl
was found to markedly activate [-catenin ex-
pression and nuclear translocation (Figure 3A
and 3B). In contrast, nuclear translocation of
B-catenin could be hardly observed in the
untreated cells (Figure 3B).

Discussion

Recent study showed that interference with the
Wnt signalling pathway might result in URSA [9,

Int J Clin Exp Pathol 2017;10(6):6827-6835
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Figure 3. WNT3 promotes cell proliferation and migration via nuclear translocation of B-catenin. A. Western blot
analysis of B-catenin and active B-catenin in whole cell (top) and nuclear extract (bottom). B-actin and Lamin B
were used as internal control of whole cell and nuclear extract, respectively. Quantification of B-catenin and active
-catenin expression was shown in the right panel. The results are expressed as mean + SD of three independent
experiments (Student’s t-test; *P < 0.05). B. Representative immunofluorescence images demonstrating the trans-
location process of B-catenin from the membrane to nucleus in rWNT3 and LiCl treated cells. 30 uM LiCl were used
as positive control. Nuclear translocation of 3-catenin could be hardly observed in the untreated cells. Antibody
against B-catenin was labeled with FITC and nuclei were labeled with DAPI. Scale bars, 20 um.
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10]. However, as the activator of the canonical
Wnt/B-catenin pathway, Wnt ligands that con-
trol growth and differentiation of trophoblast
cells during early gestation are not well under-
stood.

In the present study, we found that WNT3 was
weakly expressed in villous tissues and highly
expressed in decidual tissues, indicating that
WNT3 affected the trophoblasts through decid-
ual secretion. We also found decreased WNT3
expression in URAS patients. Meanwhile, active
[-catenin level was observed to reduce in both
tissue types in URAS patients comparing to
normal pregnant women. Therefore, we specu-
lated that decidua-derived WNT3 insufficiency
might lead to impaired trophoblast cells prolif-
eration and migration via the downregulation of
Wnt/B-catenin signaling pathway.

WNT3 is a secreted, palmitoylated glycoprotein
that can act through autocrine or paracrine
modes [12, 16]. Previous studies showed that
WNT3 can be detected in the first trimester pla-
centa, whereas the expression level is low sug-
gesting that WNT3 might not regulate the first
trimester trophoblast function via autocrine
way [21]. It has been appreciated that besides
regulation by trophoblastic factors through the
autocrine way, trophoblast proliferation, differ-
entiation and migration might also be regulated
in a paracrine way by uterine factors [22]. Ma-
ternal uterine environment is critical for human
placental morphogenesis and early stage tro-
phoblast development [23, 24]. Besides acting
as a source of nutrients, endometrium also se-
cretes a variety of growth factors, such as epi-
dermal growth factor EGF) and vascular endo-
thelial growth factor (VEGF), that bind to tro-
phoblast-specific integrins and modulate tro-
phoblast migration, invasion, or both in vitro
models [22, 25]. Deranged uterine secretions
could adversely affect pregnancy outcome,
increasing maternal and fetal morbidity and
mortality [6]. Therefore, paracrine interactions
between the extravillous trophoblast and the
maternal decidua are important for successful
embryonic implantation [26]. Accumulating evi-
dence showed that a large number of Wnt-
related genes have all been identified as being
expressed in endometrial samples and in endo-
metrial epithelial/stromal cells, suggesting that
these factors could potentially regulate tropho-
blast development and function in a paracrine
manner [1, 12]. It was also found that WNT3
was elevated in the proliferative endometrium
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[12]. Interestingly, in the present study, WNT3
was significantly decreased in deciduas of
URSA. These results raised the possibility that
WNT3 might regulate trophoblast function
mainly through a paracrine way during early
pregnancy.

In present study, the function of WNT3 on
HTR-8/SVneo trophoblast cells was validated
by altering the extracellular WNT3 level in vitro.
rWNT3 could promote trophoblast cell prolifer-
ation and migration by activating the Wnt/j-
catenin signalling pathway which was charac-
terized by B-catenin accumulation in the cyto-
plasm, translocation into the nucleus and acti-
vation of transcription of Wnt target genes
including MMP-2, cyclin D1 and c-myc. As a key
component of the Wnt signalling pathway,
B-catenin is a frequently-used surrogate mark-
er of Wnt pathway activation [27]. Our results
clearly showed that [B-catenin entered the
nucleus after trophoblast cells were treated
with rWNT3, suggesting that the presence of
abundant WNT3 in growth media successfully
activated the canonical Wnt signalling pathway.
MMP-2 has been identified as a novel Wnt tar-
getin invasive trophoblasts [28]. It was thought
to degrade decidual extracellular matrix pro-
teins and thereby facilitate cell invasiveness
[28]. The present study showed that secreted
WNT3 activated the secretion of MMP-2, sug-
gesting that WNT3 might promote trophoblast
motility through elevated MMP-2.

It has been reported that histone methylation
plays an important role in diverse biological
processes including transcription. Polycomb
repressive complex 2 (PRC2)-mediated histone
H3 lysine 27 trimethylation (H3K27me3) has
been mainly linked to transcription repression
[29], and analysis of previous ChlPseq results
of H3K27me3-enriched genes revealed that
the WNT signaling pathway is highly enriched
for H3K27me3 [30]. Moreover, Jiang et al. fou-
nd that the H3K27me3 level of WNT3 gene pro-
moter might affect the expression of WNT3 and
endoderm differentiation at early stage [30]
Whether reduced WNT3 gene expression in
URSA is also associated with histone methyla-
tion needs further study.

In conclusion, our study demonstrated that the
expression of WNT3 was lower in deciduas of
URSA patients than in normal pregnant women,
suggesting that WNT3 might regulate tropho-
blast function mainly through paracrine way
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during early pregnancy. In vitro studies showed
that rWNT3 protein could promote the prolifera-
tion and migration of first-trimester trophoblast
cells via activation of the canonical Wnt/j-
catenin pathway. Our findings add to our knowl-
edge of the regulation of trophoblast function
and how Wnt signalling might contribute to the
pathogenesis of URSA. Further study into his-
tone methylation of WNT3 in decidual tissues
of URSA will help us to understand the precise
molecular mechanisms of URSA pathogenesis.
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