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Abstract

Objective Wnt signaling has been identified as an essential pathway that can direct cell proliferation, migration, and tissue
homeostasis. This study aimed to evaluate the role of Wnt signaling pathway in early-onset and late-onset preeclampsia (PE)
using serum Dickkopf-1 and R-Spondin-3 glycoproteins.

Study design A total of 80 pregnant women were included in this study. The patients were divided into three groups: (1)
control (2) early-onset PE, and (3) late-onset PE. The serum levels of Dickkopf-1 and R-Spondin-3 were measured using an
enzyme-linked immunosorbent assay.

Results Of the 80 pregnant women enrolled in the study, 27 were control, 27 had early-onset PE, and 26 had late-onset PE.
No differences were found in the maternal age, gravida, parity, and body mass index among the groups (P=0.536, 0.230,
0.202, and 0.642, respectively). The serum level of Dickkopf-1 was significantly higher in the early-onset PE group compared
with the control group (P =0.006). The serum level of Dickkopf-1 was statistically similar in control group compared to late-
onset PE group (P=0.064). However, no significant difference was found in the serum levels of Dickkopf-1 and R-Spondin-3
between the early- and late-onset PE groups (P> 0.05). Additionally, the Spearman’s correlation analysis revealed a signifi-
cant negative correlation between maternal serum level of Dickkopf-1 and maternal age (r=— 0.522, P=0.005).
Conclusion The increased serum level of Dickkopf-1 might be associated with the process of pathogenesis of early-onset
PE. Further studies would elucidate their exact roles in the pathogenesis of PE.
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Introduction

Preeclampsia (PE) is a pregnancy condition characterized by
proteinuria and hypertension that is one of the main causes
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human pregnancies. Wnt signaling is defined as an important
pathway that mediates cell proliferation, cell migration, and
tissue homeostasis [5]. When a Wnt ligand protein binds to
Frizzled receptors and their co-receptors, the canonical Wnt
signal is activated. By transmitting the signal to the cyto-
plasm by a number of cellular factors, -catenin stabilization
is achieved in the cytoplasm. This allows p-catenin to accu-
mulate and localize to the nucleus and afterwards stimulate a
cellular response via a targeted gene transduction by forming
complexes with the T-cell factor/lymphoid-enhancing factor
[5]. In the literature it is well documented that Wnt signaling
pathway especially serum Dickkopf-1 levels was associated
with breast, pancreas, thyroid and gynecologic cancer and
serum Dickkopf-1 can be a novel serological biomarker for
the diagnosis and prognosis [6—10].

Dickkopf-1 is a glycoprotein that is secreted to antagonize
the Wnt signaling pathway. It influences a large number of
biological processes in this pathway [11, 12]. In contrast,
the R-Spondin (RSpo1-4) protein family plays a role in the
activation and regulation of the Wnt signaling pathway [13,
14]. A relationship might exist between the Wnt signal-
ing pathway and the abnormal existence of PE. This study
aimed to comprehend the role of Wnt signaling pathway in
the early-onset PE (eo-PE) and late-onset PE (lo-PE) using
serum Dickkopf-1 and R-Spondin-3 glycoproteins.

Materials and methods
Study population and inclusion criteria

The present study was conducted between March and
December 2017 at the Health Sciences University Zeynep
Kamil Women and Children’s Health Education and
Research Hospital and approved by the Ethics Committee
(Decision number: 162/2017). It was carried out in accord-
ance with the Declaration of Helsinki. All participants gave
their informed consent to participate in the study.

A total of 80 pregnant women were included in the study.
The patients were divided into three groups: (1) control (2)
eo-PE, and (3) lo-PE. The exclusion criteria included mul-
tiple pregnancies, early membrane rupture, chromosomal
or fetal anomaly, type 2 diabetes mellitus or gestational
diabetes mellitus, chronic hypertension, collagen vascular
disease, and chronic systemic diseases. We included health
volunteers (control group) in their routine clinical visits and
preeclamptic pregnants were included in the study when
hospitalized.

The patients, who had no history of high blood pressure
formerly, were diagnosed with PE according to the following
criteria: a systolic blood pressure (SBP) 140 mmHg and a
diastolic blood pressure (DBP) 90 mmHg, measured at least
two times with a 6-h interval after 20 weeks of gestation, and
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a proteinuria (0.3 g/24 h) or spot urine protein creatinine
ratio (PCR) 30 mg/mmol [15].

The patients with a gestational age lower than 34 weeks
were classified into the eo-PE group and those with a gesta-
tional age of 34 weeks or more into the lo- PE group [16]. A
diagnosis of severe PE was made if the patients had a blood
pressure 160/110 mmHg, thrombocytopenia (< 100,000/
mL), elevated liver enzymes, severe right-upper-quadrant
pain that was resistant to medical treatment, pulmonary
edema, cerebral and visual symptoms, and progressive renal
failure (serum creatinine > 1.1 mg/dL) [15]. The gestational
age was determined according to the first day after the last
menstrual period and was confirmed by first-trimester crown
rump length measurement. The patients were examined
using the Toshiba Xario (Tokyo, Japan) with a 3.5-MHz
color pulsed Doppler according to the methods described
in the previous studies [17]. The diagnosis of fetal growth
restriction (FGR) was defined as predictive fetal weight < 10
percentile [1].

Data collection

Venous blood samples were collected from normotensive
women having eo-PE or lo-PE who were admitted to the
hospital before any drugs were administered. None of the
patients were at the delivery stage when the blood samples
were taken. A total of 5 mL venous bloods were taken in
biochemistry tubes. The samples were centrifuged at 1000g
for 20 min at 4 °C. The supernatant serum samples were then
transferred to clean 1.5-mL eppendorf tubes and stored at
80 °C for enzyme-linked immunosorbentassay (ELISA).The
serum level of Dickkopf-1 was measured using a sandwich
enzyme-linked immunosorbent assay kit (Human Dick-
kopf-1 PicoKine ELISA Kit, catalog no. EK0867; Boster
Biological Technology, CA, USA). The assay sensitivity
was < 10 pg/mL. The serum level of R-Spondin-3 was also
measured using a sandwich ELISA kit (Human R-Spondin-3
PicoKine ELISA Kit, catalog no. EK1512; Boster Biological
Technology). The assay sensitivity was < 10 pg/mL.

Statistical analysis

All analyses were performed using the Statistical Package
for the Social Science software version 24 (IL, USA). Con-
formity of the data to a normal distribution was evaluated
using the Kolmogorov—Smirnov test, and the homogeneity
of variance was assessed using the Levene test. The vari-
ables with normal distributions were compared between
groups using the analysis of variance (ANOVA)/Bonferroni
test and were expressed as mean + standard deviation. The
Kruskal-Wallis test was used to analyze nonnormally dis-
tributed variables, and the results were expressed as median
and interquartile range. The Chi-square test was used for
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comparison of categorical variables, and the data were pre-
sented as proportions. Correlations were assessed using the
Spearman’s correlation coefficient, along with related P val-
ues. All analyses were two tailed, and a P value less than
0.05 was considered statistically significant.

Results

Of the 80 pregnant women enrolled in the study, 27 were
control, 27 had eo-PE, and 26 had lo-PE. The clinical and
demographic characteristics of the study groups are illus-
trated in Table 1. No differences were found in the maternal
age, gravida, parity, and BMI among the groups (P=0.536,
0.230, 0.202, and 0.642, respectively). Maximum SBP and
DBP were significantly higher in the eo-PE and lo-PE groups
compared with the control group (P <0.0001 and <0.0001,
respectively). The gestational age at blood sampling was

statistically different among groups due to disease severity
(P <0.0001).

The mean gestational age at delivery was 39.09 +0.96,
31.17+3.44, and 36.58 + 1.54 weeks in the control group,
eo-PE group, and lo-PE group, respectively. The mean ges-
tational age at delivery was significantly different among
groups (P <0.0001). The birth weight was 3284.44 +255 g,
1392.296 +542.04 g, and 2565.58 +626.08 g in the con-
trol group, eo-PE group, and lo-PE group, respectively. The
birth weight was significantly different among the groups
(P<0.0001). The FGR, neonatal intensive care unit, and
5-min Apgar <7 were significantly increased in the eo-PE
group compared with the lo-PE group (P <0.0001, 0.006,
and 0.005, respectively).

Table 2 shows the serum levels of Dickkopf-1 and
R-Spondin-3. The serum level of Dickkopf-1 was signifi-
cantly higher in the eo-PE group compared with the con-
trol group (P =0.006). The serum level of Dickkopf-1 was

Table 1 Clinical characteristics of patients in the early-onset PE, late-onset PE, and control groups

Control (n=27) Early-onset PE (n=27) Late-onset PE (n=26) P value
Age (years) 29.44 +3.66 28.56 +4.85 28.08+4.92 0.536
Gravida (n) 2(1) 1(2) 2(2) 0.230
Para (n) 1(1) 0(1) 1(2) 0.202
BMI at blood sampling (kg/m?) 29.67+2.40 29.35+4.79 30.3+3.83 0.642
Maximum SBP (mmHg) 104.96 +9.71 153.52+12.93* 148.04 +13.24* <0.0001
Maximum DBP (mmHg) 66.70+8.29 96.59+9.16* 93.19+7.10%* <0.0001
GA at blood sampling (weeks) 3293+1.83 29.35+4.09* 35.98 £ 1.69*,F <0.0001
GA at delivery (weeks) 39.09+0.96 31.17+3.44% 36.58 + 1.54%,F <0.0001
Birth weight (g) 3284.44 +255 1392.296 + 542.04* 2565.58 +£626.08*,F <0.0001
FGR n (%)* - 22 (%81.5) 7 (%26.9) <0.0001
NICU n (%)* - 18 (66.7) 7 (%26.9) 0.006
5-min Apgar <7n (%)* - 10 (%37) 1(%3.8) 0.005

Data are expressed as median (interquartile), mean (4 standard deviation), or numbers (%). ANOVA followed by Bonferroni post hoc tests and

the Kruskal-Wallis test was used for two-group pairwise comparisons

Bold values are statistically significant

BMI body mass index, DBP diastolic blood pressure, FGR fetal growth restriction, GA gestational age, NICU neonatal intensive care unit, SBP

systolic blood pressure
*P <0.05 versus controls
TP <0.05 versus early PE

Chi-squared test was used to compare the proportions between early-and late-onset PE groups

Table 2 Levels of Dickkopf-

D Control (n=27) Early-onset PE (n=27) Late-onset PE (n=26) P value
land R-Spondin-3 in the early-
onset fl’E’ late-onset PE, and Dickkopf-1 1667.05 (573.1) 2159.47 (763.9)* 1990.02 (490.4) 0.006
control groups R-Spondin-3 34.48 (90.38) 40.38 (59.53) 32.62 (57.96) 0.578

The Kruskal-Wallis test was used for two-group pairwise comparisons. DKK, C/early: 0.006, C/late:

0.064, E/late: 1.000

Bold values are statistically significant

*P <0.05 versus controls
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statistically similar in control group compared to lo-PE
group P=0.064). However, no significant differences in the
serum levels of Dickkopf-1 and R-Spondin-3 were found
between the eo-PE and lo-PE groups (P >0.05). Compari-
son of Dickkopf-1 and R-Spondin-3 levels is illustrated in
Figs. 1 and 2.

Correlation analyses between the maternal serum lev-
els of R-Spondin-3, Dickkopf-1 and other parameters are
illustrated in Table 3. The Spearman correlation analysis
revealed a significant negative correlation between the
maternal serum level of Dickkopf-1 and maternal age (r=
0.522, P=0.005).
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Table 3 Correlation analyses between Dickkopf-1 and R-Spondin-3
levels in the maternal serum and clinical parameters

Dickkopf-1 R-Spondin-3

T P T P
Age (years) 0.522 0.005 0.073 0.716
BMI at blood sampling (kg/m?) ~ 0.030  0.883  0.021 0916
GA at blood sampling (weeks) 0.039 0.848 0.032 0.875

BMI body mass index, GA gestational age, r, Spearman’s correlation
coefficient

Discussion

PE is a leading cause of morbidity and mortality in
maternal and perinatal cases in developing countries. It
is a disease of placental origin, and the key factor in its
pathogenesis is abnormal trophoblast invasion [3]. The
present study aimed to evaluate the role of Wnt signal-
ing pathway in patients with early-and late-onset PE using
R-Spondin-3 and Dickkopf-1 glycoproteins. The results
indicated that the maternal serum level of Dickkopf-1 was
significantly higher in the eo-PE group compared with the
control group. However, no significant differences in the
serum levels of Dickkopf-1 and R-Spondin-3 were found
between the eo-PE and lo-PE groups.

A few previous studies have examined the Wnt pathway
in healthy and preeclamptic patients.

Zhan Zhang et al. in their study analyzed 31 patients
with severe PE and 30 healthy pregnant women. They
reported that p-catenin and Dickkopf-1 were expressed
substantially in extravillous trophoblast and syncytio-
trophoblast. In preeclamptic placental tissues, mRNA and
protein levels of B-catenin decreased while the expression
of Dickkopf-1 increased significantly compared with the
normal placental controls [5]. Xiaofang Wang et al. in
their study evaluated the expression levels of Dickkopf-1,
B-catenin, Wnt-1, and glycogen synthase kinase 3f protein
using Western blot and immunohistochemical techniques
in preeclamptic placental tissues. The results of this study
reported that the expression level of Dickkopf-1 was sig-
nificantly increased in the severe PE group. Also, the stain-
ing density of Dickkopf-1 in the preeclamptic placenta was
stronger [18].

The present study found that the maternal serum level of
Dickkopf-1 was significantly higher in the eo-PE group com-
pared with the control group. However, no significant dif-
ferences in the serum levels of Dickkopf-1 and R-Spondin-3
were found between the eo-PE and lo-PE groups. The results
may be due to the abnormal state of Wnt signaling pathway.
It is well documented that Dickkopf-1 antagonizes the Wnt
signaling pathway and increases the Dickkopf-1 level, result-
ing in the abnormal function of this pathway [5, 18].

Both angiogenesis and vasculogenesis processes affect
human placenta during pregnancy. The formation and mat-
uration of placenta vasculature were very important for
normal pregnancy. However, in the PE etiopathogenesis,
the major pathological abnormality in the placenta was
an insufficiency in the maternal spiral artery remodeling.
Cytotrophoblast cells cannot form endothelial phenotype
and cannot reach myometrial spiral arteries. This results
in permanent outcomes such as placental hypoxia and dys-
function [19]. The Wnt signaling pathway was found to be
related in the differentiation, proliferation, and invasion of
trophoblast cells.

However, the classification of PE as early and late onset
is a well-accepted fact by all researchers [20]. Studies have
shown that the pathogenesis of eo-PE and lo-PE is differ-
ent. Eo-PE can be due to the placental impairment of the
inadequate perfusion of the spiral artery, whereas lo-PE
appears to be a symptom of metabolic disorders [21, 22].
Recent studies have reported that lo-PE may be related
with trophoblastic dysfunction, leading to decreased inter-
villous perfusion and increased hypoxia [23]. In this study,
our results indicated that abnormal Wnt signaling pathway
was found to be associated with eo-PE etiopathogenesis.
This argument was the most important finding of the pre-
sent study. However, this study had some limitations: (1)
the small sample size and cross-sectional feature of the
study can be considered as the leading constraints. (2)
In result section the absence of baby’s sex, percentile at
birth and delivery mode are another limitation of study. (3)
Additionally, the differences gestational age at sampling
between control group and PE groups seem to be another
limitation.

Conclusions

In conclusion, the increased serum level of Dickkopf-1
might be associated with the process of pathogenesis of
early-onset PE. Further studies would elucidate their exact
roles in the pathogenesis of PE.
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