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Abstract

Background: Demystifying the events around early pregnancy is challenging. A wide network of mediators and
signaling cascades orchestrate the processes of implantation and trophoblast proliferation. Dysregulation of these
pathways could be implicated in early pregnancy loss. There is accumulating evidence around the role of Wnt
pathway in implantation and early pregnancy. The purpose of this study was to explore alterations in the expression
of Wnt4, Wnt6 and B-catenin in placental tissue obtained from human first trimester euploid miscarriages versus
normally developing early pregnancies.

Methods: The study group consisted of first trimester miscarriages (early embryonic demises and incomplete miscar-
riages) and the control group of social terminations of pregnancy (TOPs). The placental mRNA expression of Wnt4,
Wnt6 and 3-catenin was studied using reverse transcription PCR and real time PCR. Only euploid conceptions were
included in the analysis.

Results: Wnt4 expression was significantly increased in placental tissue from first trimester miscarriages versus
controls (p =0.003). No significant difference was documented in the expression of Wnt6 (p =0.286) and [3-catenin
(p=0.793). There was a 5.1fold increase in Wnt4 expression for early embryonic demises versus TOPs and a 7.6fold
increase for incomplete miscarriages versus TOPs — no significant difference between the two subgroups of miscar-
riage (p=0.533).

Conclusions: This is, to our knowledge, the first study demonstrating significant alteration of Wnt4 expression in
human placental tissue, from failed early pregnancies compared to normal controls. Undoubtedly, a more profound
study is needed to confirm these preliminary findings and explore Wnt mediators as potential targets for strategies to
predict and prevent miscarriage.
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Background

Sporadic miscarriage is a very common complication of
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lifetime [3]. It is difficult to estimate the true incidence
of first trimester miscarriage as often pregnancies fail
early before they are suspected or confirmed. Miscarriage
acts often as a natural selection mechanism for abnormal
conceptions and this has been described in the literature
since the 1980s [4]. However, miscarriages of chromo-
somically normal conceptions occur, both in spontane-
ous pregnancies and in assisted reproduction.
Implantation and proper trophoblast proliferation and
invasion are amongst the most crucial steps for the estab-
lishment and successful progress of the pregnancy [5].
However, the events around early pregnancy are yet to be
demystified. These processes are orchestrated through a
cascade of molecular events and dysregulation of these
pathways could be associated with early pregnancy loss.
In the current literature there is accumulating evidence
regarding the role of Wnt pathway in early pregnancy [6,
7]. Wnt signaling has been associated both with endome-
trial receptivity and with embryo implantation potential
[8—10]. Alterations in this cascade have also been linked
to infertility, recurrent miscarriage (RM), endometriosis,
endometrial cancer, gestational trophoblastic disease,
pre-eclampsia and fetal growth restriction [6].

Wnt family

Wnt family of glycoproteins act as intercellular signals to
regulate cell proliferation and are highly conserved in the
evolution of species. They were discovered in 1982 and
consist of 19 proteins of 12 subfamilies [11-13]. They act
as signaling molecules and activators of transcription fac-
tors. Wnt signaling consists of a canonical pathway which
acts through B-catenin and a more complex but less stud-
ied, p-catenin independent, non-canonical pathway [14].
There are also other, less studied branches, with distinct
signaling effects [15].

In a simplified description of the canonical pathway,
in the absence of Wnt activity, p-catenin is phosphoryl-
ated by a “destruction complex” which results in protea-
some degradation. Thus, low levels of -catenin enter the
nucleus and the expression of target genes is inhibited.
The presence of Wnt ligands inhibits the destruction of
[-catenin after binding to the frizzled receptor (Fz) and
its co-receptor lipoprotein receptor-related protein (LRP)
5/6. As a result, B-catenin accumulates, is transferred to
the nucleus and regulates gene transcription by activat-
ing transcription factors such as T cell factor/lymphoid
enhancer binding factor (TCF/LEF) [16].

The non-canonical pathway consists of the Wnt/
Ca2 + and planar cell polarity (PCP) components and has
a big network of receptors and co-receptors, whose com-
binations and availability in specific tissues and contexts
determine the downstream effect [15]. This pathway is
tangled with other cascades and possibly interferes with
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the canonical pathway either inducing -catenin destruc-
tion or favoring canonical pathway inhibitors such as
Dkk-1 (dickkopf-related protein 1) [17, 18]. The dickkopf
family of Wnt pathway antagonists acts through binding
to LRP receptors causing their endocytocis. Their expres-
sion in human endometrium is regulated by progesterone
[19]. Other antagonists [secreted frizzled related proteins
(sFRPs), Wnt inhibitory factor 1 (WIF1) and Cerberus]
bind directly on Wnt proteins [20].

Wnt pathway and implantation

There is accumulating evidence, mostly derived from ani-
mal models, which suggests that Wnt signaling is key for
placental development and is implicated in the regulation
of trophoblast proliferation and invasion [21-24]. Tar-
geted disruption of the expression of Wnt components
has been associated with a large spectrum of gestational
diseases in mice. Wnt7b null mice died midgestation
due to placental abnormalities [21]. Similarly, half mice
with Wnt2 disruption died perinatally with alterations
in both the size and structure of placentas [22]. Wnt/p-
catenin silencing has been shown to block the ability of
the blastocyst to implant [25]. Interestingly, Bao et al.
(2020) recently showed that over-expression of the Wnt-
[-catenin signaling, through silencing of Wnt inhibitors,
is also detrimental for trophoblast differentiation [26].

In human pregnancies the role of the Wnt pathway
in placentation is poorly understood [27]. Authors have
mostly used choriocarcinoma model systems and immor-
talized trophoblast cell lines. Fourteen Wnt ligands and
eight Fz receptors have been identified in human first
trimester placental tissue [28]. Amongst them Wnt4 is
one of the most abundantly expressed while Wnt6 is
lowly expressed. Epigenetic studies have shown promoter
methylation for four Wnt inhibitors in human term pla-
centas and in trophoblast tissue [29]. The Wnt pathway
seems to be closely associated with the invasive differ-
entiation process of human trophoblast and with the
cross-talking between the trophoblast and the decidua.
Treatment of decidualized human endometrial stro-
mal cells with conditioned media from human tropho-
blast resulted in the downregulation of Fzd and Wnt4
[30]. Wnt-Dependent TCF4 has been shown to regulate
human trophoblast differentiation and motility in troph-
oblast cell models [31].Loss of function of B-catenin in
human embryos affected their ability to blastulate and
resulted in significantly fewer trophectoderm cells. Expo-
sure of embryos to Wnt3, in the same series of experi-
ments, promoted the progenitor trophoblast lineage
differentiation [32]. Furthermore, vascularization of pri-
mary villi seems to be Wnt -dependent [33] as the Wnt
signaling is implicated in the regulation of angiogenic



Chronopoulou et al. Reproductive Biology and Endocrinology

factors such as VEGF (vascular endothelial growth fac-
tor) [34].

Similarly to the animal models, balanced action of the
Wnt signaling is important for human placentation. Both
hyper-activation and under-activation of Wnt signaling
has been associated with placenta-related pathologies
and trophoblast disorders. The downregulation of canon-
ical pathway inhibitors, such as Dkk, negatively affects
trophoblast invasion [35]. Hyperactivation of the canoni-
cal cascade is linked to choriocarcinoma [36] and molar
pregnancy [37]. Increased Dkk-1 and sFRP4 expres-
sion, decreased Wnt2, Wnt4 and [B-catenin expression,
increased and decreased Wnt5a expression, have all been
associated by different authors with the development of
pre-eclampsia [38—41].

As discussed above, there is evidence, mostly from
animal studies, that Wnt4 and B-catenin have a role to
play in implantation and normal placental development.
The literature exploring the expression of Wnt6 during
implantation and decidualization is, however, limited.
The study by Wang et al. (2013) was the first to demon-
strate that Wnt6 is also critical for normal stromal cell
proliferation during decidualization in mice [42]. Zhang
et al. (2015) documented four Wnt6 mutations in the
coding sequence of Wnt6 in women with unexplained
RM [43].

The aim of this study is to look into the expression of
Wnt4, Wnt6 and B-catenin in human placental tissue
obtained from first trimester miscarriages versus nor-
mally developing early pregnancies, in order to detect a
possible link between alterations in this signaling path-
way and early pregnancy failure in humans.

Methods

Patient recruitment

Patients were recruited at University Hospital of Patras,
Department of Obstetrics and Gynaecology from July
2017 to August 2018. All women included in the study
signed informed consent and were fully informed
regarding the research protocol and study question. The
research protocol adheres to the guidelines in Declara-
tion of Helsinki and is approved by the Medical School of
the University of Patras, the Ethics Research Committee
and the Scientific Board of University Hospital of Patras.

The study group consisted of first trimester miscar-
riages. The control group consisted of healthy women,
with at least one previous live birth and no history of
miscarriage or stillbirth, who attended for elective termi-
nation of pregnancy (TOP) for social reasons.

The diagnosis of first trimester miscarriage was defined
according to criteria formed by the Society of Radiolo-
gists in Ultrasound (Multispecialty Panel on Early First
Trimester Diagnosis of Miscarriage and Exclusion of a
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Viable Intrauterine Pregnancy) as published in 2013 [44].
Early embryonic demise was defined with a transvaginal
ultrasound scan as crown-rump length of 7 mm or more
and no detected heartbeat or mean gestational sac diam-
eter 25 mm or more and no visible fetal pole. A second
opinion was sought for the viability of the pregnancy to
confirm the diagnosis. For all cases of incomplete miscar-
riage, previous scan had confirmed an intrauterine preg-
nancy and two users confirmed the presence of products
of conception on transvaginal ultrasound examination.
For the control group, before surgical TOPs for maternal
request, the viability and normal progression of preg-
nancy was confirmed on two occasions at least one week
apart by transvaginal ultrasound including immediately
before the procedure.

Exclusion criteria for both groups included gestational
age more than 1246 weeks, assisted conception, mul-
tiple pregnancy, chronic illness, known risk factors for
miscarriage such as antiphospholipid syndrome or uter-
ine anomalies, history of RM and use of any hormonal
medications such as progesterone.

Surgical management and tissue sample collection
For both miscarriages and elective terminations surgi-
cal evacuation of products of conception was performed
under general anesthesia according to the department’s
protocol. All patients signed informed consent. All
patients had blood sample taken for full blood count and
group and save before the procedure. After cleaning and
draping in the lithotomy position and examination under
anesthesia, the cervix, unless already open, was dilated to
Hegar 8-10 under transabdominal ultrasound guidance.
A rigid suction curette was used to empty the uterus of
products of conception under ultrasound guidance. Tis-
sue was collected in a closed system leading to a sterile
container. Uterus was checked empty with gentle 360°
curettage. Uterotonics were administered. Good uter-
ine tone and haemostasis were confirmed. Patients were
monitored in recovery after the procedure and were dis-
charged the same day. Anti-D immunoglobulin was pre-
scribed for Rhesus negative women. All procedures were
uncomplicated. There were no hospital readmissions.
Products of conception were obtained under asep-
tic conditions. These fresh first trimester tissue samples
consisted of blood clots, decidua tissue, villous tissue,
complete or fragmented gestational sac and embryonic
tissues or an embryo. Gross examination allowed iden-
tification of maternal, placental and embryonic com-
ponents. Chorionic villi and decidua were identified
microscopically and separated using forceps and scissors
if necessary. Contaminating maternal blood clots were
removed [45, 46]. The early placental tissue was washed



Chronopoulou et al. Reproductive Biology and Endocrinology

four times in sterile saline and transferred to medium
containing antibiotic—antimycotic mixture.

Biological specimens were preserved in RNAlater
buffer until RNA extraction. Only euploid conceptions
(confirmed by karyotype) were included in the analysis.

Real time polymerase reaction analysis
Isolation of total RNA was carried out, including a
15-min DNAse I treatment, using the commercially
available RNeasy Lipid Tissue Mini kit provided by QIA-
GEN according to the manufacturer’s protocol. RNA
concentration and purity were estimated by measur-
ing optical absorption at 260 nm and calculating the
ratio 260/280 nm, respectively. Complementary DNA
(cDNA) synthesis was performed using the Transcriptor
First Strand cDNA Synthesis Kit (04,379,012,001; Roche
Applied Science) with a mixture of anchored-oligo(dT)18
primer and 1 ug of total RNA according to the manu-
facturer’s instructions. Genes relative expression was
estimated by real-time PCR in the LightCycler 2 Instru-
ment, Roche using FastStart Universal SYBR Green Mas-
ter (Roche Hellas). The PCR primers for each gene are
presented in Table 1 and have been previously published
[39, 47-49]. Finally, mRNA levels were normalized to
the Alu-Sq levels to account for possible variation in the
amount and quality of RNA between different samples.
The quality of the PCR reactions was confirmed by melt-
ing curve analysis and the 2 — AACp algorithm was used
to analyze the relative expression of the target genes [50].
Several steps were taken to minimize the possibility
of DNA contamination; the RNA extraction protocol
included a step of DNase treatment, the primers were
designed to hybridize to different exons and a melting
curve analysis was performed at the final step of real time
PCR.

Statistical analysis

Statistical analysis was performed using SPSS (IBM Corp.
Released 2017. IBM SPSS Statistics for Windows, Ver-
sion 25.0. Armonk, NY: IBM Corp.). Continuous variables
were compared using independent samples t-test and
Mann-Whitney U test in case of normally and not-nor-
mally distributed data respectively. Normal distribution

Table 1 PCR primers for each gene (Wnt4, Wnt6, 3-catenin and

Alu)

Gene Forward primer Reverse primer

Wnt4 CCTTCGTGTACGCCATCTCT TCAGAGCATCCTGACCACTG
Wnt6 TCCGCCGCTGGAATTG AGGCCGTCTCCCGAATG
B-catenin  GAGGGGTGGGCTGGTATCTC ~ CTCGACCAAAAAGGACCAGA
Alu CATGGTGAAACCCCGTCTCTA  GCCTCAGCCTCCCGAGTAG

(2022) 20:51

Page 4 of 10

was assessed using Kolmogorov Smirnov test and Shap-
iro Wilk tests. Categorical variables were assessed using
Fisher’s exact test. Normally distributed variables are
reported as mean=+ SD while non-normally distributed
continuous variables are presented as median (1st quan-
tile, 3rd quantile). Power analysis was performed using
NCSS PASS. A two-sided p-value<0.05 was considered
statistically significant.

Results

The studied samples comprised of 42 placental tissue
samples; 28 obtained from first trimester miscarriages
(study group) and 14 obtained from elective TOPs (con-
trols). The miscarriage group consisted of two subgroups
(14 early embryonic demises and 14 incomplete miscar-
riages) and statistical analysis was performed to identify
differences in expression between miscarriages and TOPs
as well as between these two subgroups.

The mean gestational age (mean+SD) was
8.9+ 1.4 weeks of pregnancy for the miscarriage group
and 8.2 +0.7 weeks for the control group (p=0.088). The
mean age of the included women at the time of concep-
tion was 34.0+6.8 years for the miscarriage group and
32.4+6.4 years for the TOP group (p=0.420). There
were also no significant differences in patients’ demo-
graphic background such as BMI (body mass index) and
smoking status between the study group and TOPs. The
demographics are summarized in Table 2. None of the
included women in the study group had RMs. The con-
trol group consisted of women with at least one previous
live birth and no previous miscarriages.

A statistically significant increase of Wnt4 mRNA
expression was noted in placental tissue obtained from
first trimester miscarriages versus TOPs. No statistically
significant difference was documented for the mRNA
expression of Wnt6 and -catenin between miscarriages

Table 2 Characteristics of the study population and control
group

N Agein GAin BMlin Smoking (n)
years weeks kg/m?
(median, (n£SD) (n£SD)
Q1-Q3)
TOP 14 360, 82407 225421 3
27.3-40.0
Miscarriage 28 320, 89+14 218£19 4
26.8-38.0
P 0420" 0.088 ' 02767 0668 *

BMI body mass index, GA gestational age, SD standard deviation, Q7 1% quantile,
Q3 3" quantile, TOP termination of pregnancy

“: Mann-Whitney U test; : Independent samples t-test; #: Fisher’s exact test
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and TOPs. The results, for each studied gene, are study group, a statistically significant difference in Wnt4
depicted in Figs. 1 and 2 and Table 3. mRNA expression was also identified between TOPs

There was a significant difference in the ACp of and each subgroup—incomplete miscarriages (p =0.003,
Wnt4 between miscarriages and TOPs (p=0.003, power=0.877) and early embryonic demises (p=0.033,
power=0.879). When assessing the subgroups of the power=0.581) (Fig. 1). There was a 6.2fold increase in

251
*
1
%
20 1 ‘l‘
*
- [ 1.1
151 T . § | O ToP
Q | . "
Q I B Miscarriage
< i
101 ‘ T \ T B Incomplete miscarriage
l E ﬁt}l’.ﬂt_q @ Early embryonic demise
i
0 [Plot Area |
Wnt4 Wnt6 B-catenin
Fig.1 Box plot of ACp values of studied genes for each population independent sample t test, * p < 0.05. TOP:termination of pregnancy

*
*
1
32 4 —
16 -
8 O TOP/TOP
gg, 4 @ Miscarriage/TOP
_2:: 5 | O Incomplete Miscarriage/TOP
% 14 [ Early embryonic demise/TOP
.
0.5 1
0.25 -
0.125
Wnt4 Wnt6 B-catenin
Fig.2 Relative expression of studied genes compared to control group (TOP) 95% confidence interval, independent sample ttest, * p < 0.05. TOP:
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Table 3 ACp values of studied genes for each population

Wnt4 Wnt6 B-catenin

n Mean sD n mean sD n mean sD
TOP 14 10.8 2.7 14 15.0 32 14 6.3 22
Miscarriage 28 8.2 24 28 138 35 28 6.4 1.1
Incomplete Miscarriage 14 79 20 14 139 3.3 14 6.3 1.0
Early embryonic demise 14 8.5 2.8 14 13.7 38 14 6.6 1.1

SD standard deviation, TOP termination of pregnancy
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the expression of Wnt4 mRNA in miscarriages com-
pared to TOPs. There was a 5.1fold increase in the early
embryonic demise sub-group compared to terminations
and 7.6fold increase in incomplete miscarriages com-
pared to terminations — this difference between the two
sub-groups was not statistically significant (p=0.533)
(Fig. 2). There was no statistically significant difference in
the expression of Wnt6 mRNA in miscarriages compared
to TOPs (p=0.286) nor for the expression of p-catenin
between the studied group and the control group
(p=0.820) (Fig. 1).

Discussion

The data we have, so far, for Wnt pathway in placental
tissue are mostly derived from animal models. There are
interesting in vitro studies designed to include cultures
of human endometrial stromal cells (HESCs) co-cultures
and trophoblast stem cell models [51, 52]. There are also
scarce evidence using human endometrial samples [51],
blood samples [43] or placental tissue at delivery [39, 53].
Only few studies have looked at human trophoblast in
an effort to elucidate the events around early pregnancy
[28, 52, 54]. Two of these studies have looked into unex-
plained RMs (defined as two or more consecutive preg-
nancy losses before the 20th week of gestation) versus
normal pregnancies [52, 54]. The authors documented
significantly reduced mRNA expression of p-catenin
and of Wnt2 and increased expression of Dkk-1 (Wnt
antagonist) in the RM group compared to normal con-
trols. Therefore, the results point towards an association
between reduced expression of the canonical Wnt path-
way and recurrent pregnancy loss.

Our study is, to our knowledge, the first study dem-
onstrating significantly increased Wnt4 expression in
human trophoblast obtained from failed early preg-
nancies compared to normal controls, suggesting that
increased trophoblast expression of a Wnt component
could have detrimental effect on early pregnancy.

Wnt4
Wnt4 was selected as it is the most well studied compo-
nent of the Wnt family in the adult uterus. It seems to
be key player for implantation and is the most abundant
Wnt component in the decidua [55, 56]. Wnt4 ablation
in mice resulted in embryos which could attach but not
invade and endometrial stroma cells unable to decidual-
ize, characterized by attenuated progesterone signaling
[57]. The attachment reaction, crucial for decidualization
and implantation is characterized by localized stroma
induction of Wnt4 gene in the mouse model [9].

This is the first study to look into this component in
human trophoblast and our results document that sig-
nificant increase in Wnt4 placental expression could
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also be detrimental for early pregnancy suggesting that
balanced Wnt signaling is key for early pregnancy pro-
gression. The importance of this fine tuning has also
been documented by other authors; co-culture models
have revealed that the interaction between trophoblast
and decidua results in downregulation of Wnt compo-
nents (including Wnt4) through paracrine signaling
[30, 58, 59] and that downregulation of certain Wnt
components may be essential for normal pregnancy
progression [60]. A recent study by Bao et al. (2020)
[26] documented that hyperactivation of Wnt sign-
aling in the mouse model disrupted trophoblast dif-
ferentiation. The authors observed that two inhibitors
of Wnt signaling (sFRPsl and 5) are highly expressed
in extraembryonic trophoblast. They subsequently
utilized double knockout mice for these two inhibi-
tors and they observed impaired trophoblast develop-
ment. Moreover, hyperactivation of the Wnt pathway,
through a stabilized form of B-catenin, led to exhaus-
tion of trophoblast precursor cells leading to impaired
placentation.

Even though Wnt4 can activate the canonical pathway
in the presence of LRP5/6, it is considered predominately
component of the non-canonical pathway and is classi-
fied as non-canonical Wnt signaling molecule [39, 61].
This may suggest that increased activation of the non-
canonical pathway can be problematic in early pregnancy.

When analyzing the two subgroups of early pregnancy
failure (early embryonic demise and incomplete miscar-
riage), in the incomplete miscarriage group, Wnt4 expres-
sion is 1.5fold higher than in the early embryonic demise
group. Even though this difference between the two sub-
groups is not statistically significant, this trend could
be another demonstration of a possible role of Wnt4 in
embryo attachment and placentation. Such trend, if con-
firmed in larger studies, could contribute in understand-
ing why an early pregnancy loss can present clinically as
incomplete miscarriage (with obvious deranged placental
attachment at the time of diagnosis) or could present as
an early embryonic demise with intact gestational sac.

Wnté6

Previous authors have documented Wnt6 implication in
decidualization [42] and one research team suggested a
possible role of Wnt6 mutations in blood samples from
Chinese women suffering RM [43]. However, there are
no studies clearly linking this component to placenta-
tion. Our finding of not statistically significant alteration
of Wnt6 expression in trophoblast obtained after early
pregnancy loss suggests that possibly Wnt6 is not signifi-
cantly implicated in trophoblast function at this stage of
pregnancy.
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B-catenin

The evidence around the role of P-catenin in early
pregnancy remains controversial. There are several
mouse studies linking the attenuation of Wnt/p-catenin
(canonical pathway) signaling with early pregnancy fail-
ure. Under-expression of this pathway seems to affect
the blastocyst implantation potential [25], the decidu-
alization process [62] and cell adhesion causing embryo
fragmentation [63]. In humans, reduced p-catenin
expression was detected in villi obtained from 20 RM
cases compared to normal early pregnancies [52]. How-
ever, B-catenin gain of function also seems to be detri-
mental for early pregnancy in mice leading to impaired
implantation and decreased decidualization [26, 62,
64]. The role of B-catenin in early placentation warrants
more research. This work did not demonstrate signifi-
cant difference in the mRNA expression of B-catenin in
early placental tissue from miscarriages versus normal
controls. However, -catenin is largely regulated at the
protein level as a downstream effect of the complicated
canonical pathway and protein expression could be
influenced by various factors especially in the context
of early pregnancy loss and its surgical management.

Limitations

The control group of normally developing pregnancies
consisted of social TOPs. For this group of patients,
fetal heart activity was detected on the day of the pro-
cedure and the pregnancy appeared to progress nor-
mally on two ultrasound examinations at least a week
apart. However, we cannot be certain that these preg-
nancies would ultimately progress normally. Further-
more, gene expression was explored at the mRNA
level. In relevant studies, the real time PCR results
were verified with protein expression findings [39, 52].
B-catenin, as a downstream factor of the canonical
pathway, is largely regulated at protein level. However,
Wnt4 is mainly considered activator of the non-canon-
ical pathway and therefore Wnt4 upregulation would
not be expected to affect B-catenin protein expres-
sion through non-canonical pathway stimulation [39].
Furthermore, the canonical pathway can be initiated
by various Wnt components and the deregulation of a
component can cause buffering changes in other stim-
ulators of this complex cascade therefore we would
not be able to pinpoint a direct downstream effect on
[B-catenin protein [42]. Since various Wnt components
can exert their action both through the canonical and
through B-catenin independent cascades and can also
interact with different ligands to provoke different
responses in different tissues or time points, the down-
stream network cannot be easily defined [27].

(2022) 20:51

Page 7 of 10

Strengths

This is, to our knowledge, the first human study to dem-
onstrate statistically significant alteration of Wnt4 mRNA
trophoblast expression in miscarriages versus normally
developing pregnancies. Despite the small sample size,
this study achieved adequate statistical power. There were
no statistically significant differences in demographic
characteristics of the included population between the
study and control groups. Furthermore, patients who
received progesterone supplementation were excluded.
This is important as progesterone has been shown to
affect Wnt signaling and Wnt4 seems to be key regulator
of progestogen signaling in the mouse model [57, 65, 66].

Conclusions

There is accumulating evidence highlighting the impor-
tance of Wnt pathway for early placentation but there is
place for more research in the field with greater focus on
human pregnancy.

The early human placenta is incredibly complex and
heterogeneous [45]. Twenty distinct cell types have been
identified. The expression of Wnt ligands may differ
depending on the cell type and the stage of pregnancy.
An attempt to map this expression would yield valuable
information for the Wnt pathway and would also contrib-
ute to a deeper understanding around placentation.

Our preliminary findings highlight the significance of
balanced Wnt signaling for the carefully orchestrated
events around early pregnancy and contribute to the
existing literature around the Wnt cascade. Further stud-
ies are needed to confirm the observed associations and
their clinical relevance. Future research could explore
Wnt mediators as potential targets for strategies to pre-
dict and prevent miscarriage.
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