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Abstract
Background: The Wnt signaling pathway is a conserved pathway and plays a crucial role in regulating trophoblast functions.
Abnormal expression of the Wnt pathway may result in the dysfunction of the trophoblast that can contribute to the pathogenesis
of preeclampsia (PE). However, published data regarding the association between Wnt pathway and PE in human pregnancy is
rare. Objective: The aims of this study were to investigate the expression pattern of Wnt2 and secreted frizzled-related protein
4 (sFRP4) in the third trimester human placenta and to evaluate the relationship between changes in placental Wnt2 and sFRP4
expression and severe PE. Methods: The expression of Wnt2 and sFRP4 in normal and severe PE placentas was examined using
immunohistochemistry (IHC), real-time polymerase chain reaction, and Western blot. Results: Compared to the controls, the
relative expression of Wnt2 messenger RNA was remarkably downregulated in the PE placentas, while there was no significant
difference in sFRP4 between the 2 groups. The IHC indicated that Wnt2 and sFRP4 were expressed predominantly in the villous
syncytiotrophoblast and the extravillous trophoblast, whereas Wnt2 in the control group showed higher staining intensity than in
the PE group, and sFRP4 in the PE group had a higher staining intensity than in the control group. Furthermore, the results of the
Western blots were consistent with the IHC. Conclusions: The Wnt signaling pathway was detected in human third trimester
placentas, and the decreased placental expression of Wnt2 and increased placental expression of sFRP4 may be associated with
the pathogenesis of severe PE.
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Introduction

Hypertensive disease of pregnancy is a pregnancy-specific dis-

order affecting 6% to 8% of pregnancies worldwide.1 Pree-

clampsia (PE) is the most common form of hypertensive

disease during pregnancy, and it occurs in 3% to 4% of the

pregnancies.2 The PE, especially severe PE, remains a major

cause of fetal and maternal morbidity and mortality. The PE

occurs only during pregnancy, and its clinical symptoms rap-

idly abate after delivery (including removal of the placenta).

The placenta is the direct interface between the fetus and the

mother during pregnancy, so the placenta must play a central

or initiating role in this disorder.3 Although shallow placental

implantation and placental ischemia caused by incomplete

trophoblast invasion and impaired spiral arterial remodeling

are thought to be the major cause of PE, the pathogenesis of

PE is largely unknown.4-7 A recent study demonstrated the

complex number of Wnt pathway ligands and receptors in the

placenta, with 14 of the 19 known Wnt ligands and 8 frizzled

receptors expressed in the human placenta, suggesting that the

Wnt signaling pathway plays an important role in placentation

and placental development.8

The Wnt signaling pathway is a conserved pathway that has

been identified in animals from hydra to humans. During devel-

opment, the Wnt pathway plays diverse roles in governing cell

fate, proliferation, migration, and polarity. In adults, the Wnt

pathway functions in homeostasis, and inappropriate activation

of the Wnt pathway is implicated in a variety of cancers.9 Wnt

signals are transduced through at least 3 distinct intracellular

signaling pathways, including the canonical ‘‘Wnt/b-catenin’’

pathway, the ‘‘Wnt/Ca2þ’’ pathway and the ‘‘Wnt/polarity’’

pathway.10 The canonical Wnt/b-catenin pathway has been

intensely studied and has intricate functions in reproduction.
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Signaling through this pathway depends on the levels of

b-catenin in the cell. In the absence of Wnt, b-catenin is tar-

geted for degradation by a multiprotein destruction complex;

Wnt signaling antagonizes the destruction complex, leading

to the accumulation of b-catenin and translocation to the

nucleus followed by the activation of target genes.

Wnt2 is a secreted glycoprotein that is one of the canonical

Wnt ligands. Recently, studies have demonstrated that Wnt2 is

overexpressed in various human cancers, including esophageal,

gastric, colorectal, breast, lung, cervical, and malignant

glioma.11-16 Knockdown of Wnt2 with monoclonal antibodies,

small interfering RNA, or pharmacological inhibitors can

induce apoptosis in human cancer cells overexpressing Wnt2

and inhibit proliferation, invasion, and angiogenesis and

ultimately suppress tumor growth in vitro and in vivo.17-19 Pre-

vious studies have provided evidence that Wnt2 acts as an

angiogenic factor. Exogenous Wnt2 induces endothelial cells

that lack Wnt2 to undergo proliferation, sprouting, and angio-

genesis, and Wnt2 was found to be expressed in densely vascu-

larized murine malignant tumors and healing wounds.20 A

study by Monkley et al showed that mice deficient in Wnt2,

generated by gene targeting, displayed runting and lower birth

weight, and approximately 50% died perinatally. Histological

analysis revealed alterations in the size and structure of the

placentas. The placental defects were primarily associated with

impaired placental angiogenesis; there was an apparent

decrease in the number of fetal capillaries and an increase in the

amount of fibrinoid material in the Wnt2 mutant placentas.21

Therefore, these results suggest that Wnt2 is required for the

proper vascularization of the mouse placenta, and the placental

defects in Wnt2-deficient mice result in a reduction in birth

weight and perinatal lethality.

Secreted frizzled-related protein 4 (sFRP4) is a member of a

family of secreted proteins sharing homology with the extracel-

lular domain of frizzled proteins but lacking the transmem-

brane and intracellular components that are necessary for

signaling transduction. It antagonizes Wnt signaling by compe-

titively binding to Wnt or to their receptors in the plasma mem-

brane.22 sFRP4 functions as a suppressor of tumor growth via

inhibition of the Wnt signaling pathway23; downregulation or

deletion of sFRP4 has been reported in several cancers and cell

lines such as endometrial cancer, ovarian cancer, lung cancer,

and others.24-25 A previous study in mice demonstrated that

sFRP4 messenger RNA (mRNA) expression increased mark-

edly in the nonproliferative basal zone trophoblasts, but not

in the rapidly growing labyrinth zone. Increased expression

of sFRP4 is associated with reduced placental growth in normal

placentas. Maternal dexamethasone treatment, which has pre-

viously been shown to reduce placental growth and increase

apoptosis in placenta, further increased the expression of

sFRP4 mRNA in both the basal and the labyrinth zones of the

placenta.26 sFRP4 can inhibit endothelial cell proliferation,

migration, and the development of sprouts and the pseudopodia

as well as disrupt the stability of endothelial rings. In addition,

sFRP4 blocked the effect of vascular endothelial growth factor

on endothelial cells. Furthermore, sFRP4 could induce

apoptotic events in endothelial cells by increasing cellular lev-

els of reactive oxygen species.27 These data suggest that sFRP4

might be a potent proapoptotic protein and angiogenesis

inhibitor.

Trophoblasts invade and migrate to the maternal endome-

trium, even the shallow myometrium, in the process of normal

pregnancy, and there are considerable similarities to the pro-

cess of malignant tumor infiltration of the surrounding tissues

and distant metastases. It is thought that abnormal trophoblast

invasion and failed remodeling of the maternal spiral arteries

contribute to the pathogenesis of PE. We speculated that abnor-

mal expression of the Wnt signaling pathway in placentas

might be involved in the pathogenesis of PE, but little informa-

tion was available for human pregnancies. Hence, real-time

polymerase chain reaction (RT-PCR), immunohistochemistry

(IHC), and Western blot were performed to examine the

expression patterns of Wnt2 and sFRP4 in both human third

trimester placentas with severe PE and normal controls.

Materials and Methods

Study Population

A total of 30 women with severe PE and 30 women with nor-

mal pregnancies were recruited from the Third Affiliated

Hospital of Zhengzhou University between October 2010 and

December 2011. The criteria for diagnosis of severe PE were

strictly based on the American Congress of Obstetricians and

Gynecologists criteria (2002). Patients with chronic hyperten-

sion, diabetes mellitus, renal disease, polycystic ovarian syn-

drome, fetal malformations, and multiple gestations were

excluded from this study. This study was approved by the

Human Ethics Committees of the Third Affiliated Hospital

of Zhengzhou University. Informed consent was obtained

from all the women participating in the study.

Sample Collection

As soon as possible after delivery (within 15 minutes), 5 sam-

ples of placenta, 2 � 2 � 1 cm in size, were taken, 1 from the

central portion and 1 from each quadrant (at 3, 6, 9 and 12

o’clock) of the maternal surface, and placenta sampling

included full-thickness placental blocks. Areas with macro-

scopic evidence of necrosis, infarction, and calcification were

avoided when collecting the samples. Blood in the tissues was

removed with sterile filter paper. A portion of the sample was

fixed in 10% formalin for IHC, and the other portion of the

sample was immediately frozen in liquid nitrogen and stored

at �80�C.

Quantitative RT-PCR

Total RNA was extracted from the 60 placental tissues using

Trizol Reagent as detailed in the manufacturers’ protocols

(Invitrogen, Carlsbad, California). The RNA integrity was

assessed via ethidium bromide staining of the nucleic acids

before agarose gel electrophoresis. Complementary DNA
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(cDNA) was prepared using the Reverse Transcriptase

M-MLV kit (TaKaRa, Dalian, China) following the manufac-

turer’s instructions. The expression levels of Wnt2 and sFRP4 in

the 2 groups were investigated by quantitative RT-PCR (qRT-

PCR) on an Applied Biosystems 7500 (ABI, Foster City,

California) with the Ultra SYBR Mixture With ROX (CWBIO,

Beijing, China). Human glyceraldehyde-3-phosphate dehydro-

genase (GAPDH) was used as an internal control. The reactions

consisted of 10 mL of Ultra SYBR Mixture, 7 mL of dH2O, and 1

mL of each primer and cDNA. The sequences of the Wnt2

primers used were 50-GGGTCCTACTCCGAAGTAG-30(sense)

and 50-CCTTGGCTACAGGCCC TG-30(anti-sense), and the

amplified fragment length was 94 base pair (bp). The

sequences of the specific primers for sFRP4 were 50-
GTGGCGCTCAAGGATGATG-30 (sense) and 50-CTCTT

CCCACTGTATGGATC-30 (antisense), and the fragment

length was 88 bp. For GAPDH, the specific primers were

50-TCGTGGAAGGACTCATGACC-30 (sense) and 50-AGG-

GATGATGTTCTGGAGAG-30 (anti-sense; 116 bp). The

cycling conditions were denaturation at 95�C for 10 minutes

and subsequent cycling (35 times) at 95�C for 15 seconds then

60�C for 1 minute. Melt curve analysis was then conducted by

raising the temperature from 60�C to 95�C at 0.2�C intervals

to ensure amplification of the desired product. All samples

were run in triplicate, and the results were standardized

against the expression of GAPDH. Calculation of the signals

was performed using the 2�DDCT method; briefly, the thresh-

old cycle (CT) is defined as the cycle at which the first fluor-

escent signal reaches statistical significance above

background. For each individual condition, DCT (the differ-

ence between CTWnt2/sFRP4 and CTGAPDH) values are calcu-

lated, representing normalization to the housekeeping gene.

Subsequently, the DDCT values are calculated indicating nor-

malization to controls. The amount of target normalized to an

endogenous reference and relative to the normal control is

then given by 2�DDCT.

Immunohistochemistry

The tissues were fixed in 10% buffered formalin at room tem-

perature and embedded in paraffin. Consecutive serial sections

(4 mm thick) of the same blocks were cut for IHC analysis.

Briefly, after deparaffinization and hydration to distilled water,

antigen recapture was performed on all tissue sections using

microwave treatment in 10 mmol/L sodium citrate buffer, pH

6.0, for 20 minutes and then incubated with 3% hydrogen per-

oxide for 15 minutes at 37�C to block endogenous peroxide

activity. The sections were incubated for 2 hours at 37�C with

a rabbit antihuman Wnt2 monoclonal antibody (ab109222,

Abcam Inc, Cambridge, Massachusetts) at a dilution of

1:250, a goat antihuman sFRP4 polyclonal antibody

(ab122905, Abcam) at a dilution of 1:100, and a mouse anti-

human MHC I HLA-G Monoclonal Antibody (MEM-G/1;

MA1-19219, Thermo scientific, Rockford, California) at a

dilution of 1:100. Negative control sections were incubated for

2 hours at 37�C with phosphate-buffered solution (PBS). They

then underwent a second incubation with a 2-step IHC detec-

tion reagent (GBI, WA, California). Reaction products were

visualized by immersing slides in a 3,3-diaminobenzidine tetra-

hydrochloride substrate kit (ZSGB-BIO, Beijing, China). The

sections were counterstained in hematoxylin for 5 minutes,

dehydrated, cleared, and cover slipped. The slides were exam-

ined using an inversion fluorescence microscope (OLYMPUS

IX-71, Tokyo, Japan) and Image-pro Express software. Immu-

nostaining of Wnt2 and sFRP4 in the placenta were graded on a

semiquantitative scale: 0, no staining/no color; 1, weak stain-

ing/pale brown color; 2, moderate staining/dark brown color;

3, strong staining/brownish-black color. The intensity of immu-

nostaining of each slides was evaluated by 2 pathologists

separately.

Western Blot

The placental tissues were homogenized on ice using radioim-

munoprecipitation assay lysate buffer according to the manu-

facturer’s instructions (Solarbio, Beijing, China). The protein

concentrations were measured using the bicinchoninic acid

assay (Sangon, Shanghai, China). The proteins were denatured

by boiling for 10 minutes at 100�C in 4�sample loading buffer.

For Western blot analyses, equal amounts of protein lysate (100

mg) were loaded and separated by 12% sodium dodecyl sulfate

polyacrylamide gel electrophoresis. After electrophoresis, the

proteins were transferred onto nitrocellulose membranes using

a semi-dry blotting apparatus. The membranes were blocked

for 1 hour in 5% (w/v) nonfat milk in Tris-buffered saline with

0.1% Tween. After blocking, the membranes were incubated

overnight at 4�C with a rabbit antihuman Wnt2 monoclonal

antibody (1:500; ab109222, Abcam), a goat antihuman sFRP4

polyclonal antibody (1:500; ab122905, Abcam), and a rabbit

antihuman b-actin polyclonal antibody (1:1000; bs-0061R,

Biosynthesis Biotechnology Co, Beijing, China). After a 1-

hour treatment (37�C) with the corresponding horseradish per-

oxidase (HRP)-conjugated secondary antibodies (1:5000;

Dingguo, Beijing, China), the protein bands were revealed by

the Pro-Light HRP chemiluminescence detection reagent

(TIANGEN, Beijing, China). After exposure in a darkroom, the

protein bands could be observed on x-ray film. Quantification

of the protein bands on the films was performed by densito-

metric analysis using a Gel logic 2000 image system (Eastman

Kodak Co, NY, California).

Statistical Analysis

Statistical analysis was performed using the SPSS version 17.0

software package. All data were expressed as the mean + stan-

dard deviation. Statistical differences were calculated using

Student t test when the data from the 2 groups were normally

distributed or a nonparametric Mann-Whitney U test if the data

distribution of any group was skewed. For IHC, the intensity of

staining in placental tissues between the 2 groups was com-

pared using the chi-square (w2) test. A P value < .05 was con-

sidered statistically significant.
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Results

Clinical Data Between Patients With Severe PE and
Normal Controls

When we compared variables (such as age, body mass index

[BMI] at delivery, fasting blood glucose, and parity) between

the patients for the severe PE and control groups, we found

no significant differences. We did find that the BMI before

pregnancy and systolic and diastolic blood pressure in women

with severe PE was significantly higher than in the healthy

pregnant women, and the birth weight and gestational age at

delivery in the PE group were significantly lower than those

of the control group (Table 1).

Wnt2 and sFRP4 mRNA Expression in the Placentas of
Women With Severe PE and Healthy Pregnancies

In the qRT-PCR reaction, the shapes of the melt curves had

prominent peaks (data not shown). At the end of the reaction,

the samples were assessed by 3% agarose gel electrophoresis

with an ethidium bromide nucleic acid stain, and the lengths

of the amplified fragments were consistent with the original

design (data not shown). When compared to women with nor-

mal pregnancy, the expression of Wnt2 mRNA is significantly

downregulated in the severe PE group (P ¼ .003; Figure 1A).

However, no significant difference was observed in sFRP4

expression between the 2 groups (P ¼ .794; Figure 1B).

Immunostaining of Wnt2 and sFRP4 in Placental Tissues
of the 2 Groups

Placental tissue sections were examined by hematoxylin and

eosin (H&E) staining before IHC analysis. Immunoreactivity

for Wnt2 and sFRP4 was consistently found in the

cytomembrane and cytoplasm of cells with the morphological

characteristics of the villous syncytiotrophoblast and the extra-

villous trophoblast (EVT), the serial sections stained with

HLA-G confirming the phenotypic characteristic of EVT. The

H&E staining was shown in Figure 2A. Image of tissue section

stained with PBS was shown in Figure 2B.

Wnt2 and sFRP4 immunostaining were examined in tissue

sections from 40 placentas (n ¼ 20 for each group). Wnt2

showed a stronger staining intensity in the control group

(Figure 3A and C) than in the PE group (Figure 3B and D),

Figure 3E and F was serial sections of C and D, which stained

with HLA-G. The immunostaining of sFRP4 in the control

group (Figure 4A and C) was reduced compared to the PE

group (Figure 4B and D), Figure 4E and F was serial sections

of C and D, which stained with HLA-G. Tables 2 and 3

Table 1. Clinical Data Between Patients With Severe PE and Normal
Controls.

Variables
Severe PE

Group
Normal Control

Group
P

Value

Age, years 28.8 + 5.6 30.9 + 3.7 .071
Gestational age at

delivery, week
35.3 + 2.6 38.6 + 1.0 <.001

BMI before pregnancy,
kg/m2

23.5 + 3.2 21.9 + 2.7 .038

BMI at delivery (kg/m2 30.5 + 4.3 28.7 + 3.8 .074
Systolic blood pressure,

mm Hg
160.1 + 11.5 113.7 + 8.3 <.001

Diastolic blood pressure,
mm Hg

107.6 + 10.5 75.5 + 7.4 <.001

Birthweight, g 2108.8 + 709.9 3368.8 + 340.7 <.001
Fasting blood glucose,

mmol/L
4.8 + 1.3 4.7 + 0.7 .530

Number of pregnancies 2.1 + 1.4 2.3 + 1.2 .360
Number of children 0.5 + 0.6 0.6 + 0.7 .460

Abbreviation: BMI, body mass index; PE, preeclampsia.

Figure 1. Quantitative real-time polymerase chain reaction (PCR) of
Wnt2 and secreted frizzled-related protein 4 (sFRP4) messenger RNA
(mRNA) expression in placentas of the 2 groups. A, Compared to the
control group, Wnt2 mRNA is downregulated in severe preeclampsia
(PE) group. B, No significant difference was detected in sFRP4 mRNA
expression between the 2 groups. For comparison of the 2 groups, the
values of the control group were arbitrarily set at 1. Bars indicate the
mean values + standard deviation (SD) of the 30 cases performed in
triplicate. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was
used as an internal control. **Indicates P value< .01; ns, no significant
difference.
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summarize the results that are categorized by the intensity of

immunostaining. Intense immunostaining for Wnt2 in placen-

tas was weaker in PE group than the normal controls (w2 ¼
13.2; P < .001), while intense immunostaining for sFRP4 was

more frequently present in PE placentas than the controls (w2¼
9.9; P ¼ .002).

Wnt2 and sFRP4 Protein Expression in Placental Tissues
of the 2 Groups

Wnt2 and sFRP4 protein expressions in placental tissue were

determined by Western blot, 20 from normal and 20 from PE

placentas. b-Actin expression was used as an internal control

for each sample. Western blot analysis demonstrated that the

relative expression of Wnt2 in the severe PE group was signif-

icantly reduced compared to the control group (P ¼ .037),

while the expression of sFRP4 in the severe PE group was

increased compared to the control group (P ¼ .001; Figure 5).

Discussion

There are numerous etiological theories of PE, and its patho-

genesis has not been elucidated. Maternal obesity at conception

and high gestational weight gains have been implicated in the

risk of pregnancy complications.28,29 The data from our study

show that the prepregnancy BMI in the severe PE group was

significantly higher than in the normal control group. Interest-

ingly, no statistical differences were observed in the BMI at

delivery between the 2 groups. The fact that the gestational age

at delivery was lower in patients with severe PE than in women

with normal pregnancies may explain this phenomenon.

In the present study, we identified the localization of the

Wnt2 protein in the placental tissues using immunohistochem-

ical staining. Here, we show that Wnt2 was predominantly

expressed in the villous syncytiotrophoblast and the EVTs,

whereas Wnt2 showed a stronger staining intensity in the con-

trol group than in the PE group. Wnt2 is a secreted glycoprotein

that acts through autocrine or paracrine modes.30 The high

level of expression of Wnt2 in the syncytiotrophoblast rather

than the villous cytotrophoblast is consistent with the protein

being secreted because the syncytiotrophoblast is directly

exposed to the maternal blood. The EVTs are mainly present

in the maternal–fetal interface of human placentas and are

known as an invasive trophoblast subtype. Early in normal pla-

cental development, the EVTs invade the uterine spiral arteries

of the deciduas and myometrium. These invasive trophoblasts

replace the endothelial cells of the maternal spiral arteries,

transforming them from high-resistance vessels to high-

caliber capacitance vessels capable of providing adequate pla-

cental perfusion. In the PE placenta, the invasion of EVTs into

the maternal decidua and myometrium is shallow and limited,

and endovascular invasion is nearly absent.4 The decreased

expression of Wnt2 in placentas may have certain correlations

with PE, whether Wnt2 regulated EVT invasion requires fur-

ther functional experiments.

In this report, we also demonstrated that the Wnt2 mRNA and

protein levels could be detected in human third trimester placen-

tas by qRT-PCR and Western blot. Sonderegger et al also

reported that Wnt2 mRNA is expressed in the human placenta

and different trophoblast model systems.8 In mice, various Wnt

genes and their secreted antagonists have been detected in the

blastocysts during implantation and postimplantation develop-

ment.31 Accordingly, disrupting the Wnt genes results in differ-

ent phenotypes of mutant embryos and an impaired frequency of

implantation, indicating the diverse functions of Wnt genes dur-

ing embryogenesis and placental development. Wnt2-deficient

mice display placental defects.9 The consistent expression of

Wnt2 in the placenta in the rat and human suggests that it has

an important, evolutionarily conserved function. We show here

that compared to the normal pregnancies, the Wnt2 transcript

and protein levels were strikingly decreased in the PE placentas.

We speculated that the decrease in Wnt2 expression in the pla-

centa may influence the biological functions of trophoblast cells

and the development of PE.

In the placentas, sFRP4 was mainly observed in the syncy-

tiotrophoblasts and EVTs; these observations were consistent

with a previous report by White et al32 who found that sFRP4

appears to be associated with apoptosis in trophoblasts. Here,

Figure 2. Hematoxylin and eosin (H&E) staining, and PBS staining of placental tissue sections. A, H&E staining. B, PBS staining as negative
control. STB indicates syncytiotrophoblast; VCTB, villous trophoblast; EVT, extravillous trophoblast; PBS, phosphate-buffered saline. Original
magnification 200�, scale bar = 40 mm.
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we show that the staining intensity of sFRP4 in the severe PE

group is stronger than in the control group. Furthermore, the

Western blot results were consistent with IHC. Real-time PCR

analysis was performed to investigate the sFRP4 mRNA level

in severe PE placentas and normal controls. However, no sig-

nificant difference was detected between the 2 groups. The

transcriptional level of sFRP4 is not consistent with the trans-

lational level in our study. There may be 2 reasons, the changes

in the protein levels were delayed compared to changes in the

mRNA expression or regulations in the posttranscriptional and

translational levels. It was reported that sFRP4 is expressed in

the pregnant rat uterus, but not in the nonpregnant uterus; the

expression of sFRP4 mRNA reached a peak in the uterus on

day 12 and then declined.33 It was also reported that sFRP4

mRNA was produced throughout gestation in the macaque pla-

centa; the expression of sFRP4 mRNA was highest on day 50

of gestation (the duration of gestation in the macaque is 165

days).32 Data from the above-mentioned research suggest that

the sFRP4 mRNA levels declined in the uterus (rat) and

placenta (macaque) with gestational age in the mid-late preg-

nancy. We speculated that the mean gestational week at deliv-

ery of patients with severe PE being lower than the normal

pregnant women in this research may be another explanation

for the inconsistency between the mRNA and the protein levels

of sFRP4. Previous studies have shown that sFRP4 has antipro-

liferative, proapoptotic, and antiangiogenic properties. In PE,

Figure 3. Immunostaining of Wnt2 in placental tissue sections of the 2 groups. Wnt2 immunostaining is mainly localized in the syncytiotrophoblast
and the extravillous trophoblast. The immunostaining of Wnt2 were reduced in severe preeclamptic placentas (B and D) compared to the normal
placentas (A and C). E and F, Serial sections of C and D stained with HLA-G. STB indicates syncytiotrophoblast; VCTB, villous trophoblast; EVT,
extravillous trophoblast. Original magnification 400� for A and B, 200� for C-F. Scale bar = 20 mm for A and B, scale bar = 40 mm for C-F.
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Figure 4. Immunostaining of sFRP4 in placental tissue sections of the 2 groups. Immunoreactivity for sFRP4 was consistently found in the villous
syncytiotrophoblast and the extravillous trophoblast. Immunostaining of sFRP4 were more frequently present in severe PE (B and D) versus
control placentas (A and C). E and F, Serial sections of C and D stained with HLA-G. STB indicates syncytiotrophoblast; VCTB, villous tropho-
blast; EVT, extravillous trophoblast; PE, preeclampsia; sFRP4, secreted frizzled-related protein 4. Original magnification 400� for A and B, 200�
for C-F. Scale bar = 20 mm for A and B, scale bar = 40 mm for C-F.

Table 2. Immunohistochemical Analysis of Wnt2 Expression in
Patients With Severe PE and Normal Controls.

Wnt2 Immunostaining
No

Staining
Weak

Staining
Moderate
Staining

Strong
Staining

Control group (n ¼ 20) 0 4 13 3
Severe PE group (n ¼ 20) 3 12 5 0

Abbreviation: PE, preeclampsia.

Table 3. Immunohistochemical Analysis of sFRP4 Expression in
Patients With Severe PE and Normal Controls.

sFRP4 Immunostaining
No

Staining
Weak

Staining
Moderate
Staining

Strong
Staining

Control Group (n ¼ 20) 4 12 4 0
Severe PE Group (n ¼ 20) 1 5 12 2

Abbreviation: PE, preeclampsia.
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the size of the placenta is usually small, and apoptosis is

increased. So, we speculate that the sFRP4 mRNA in the PE

placentas may be higher than the controls when there was no

difference in the gestational age, and further research is needed.

In conclusion, Wnt2 and sFRP4 are expressed in human

third trimester placentas, and the abnormal expression of Wnt2

and sFRP4 may be associated with the pathogenesis of PE.

However, we only examined the third trimester placentas due

to limitations in human placental studies. Studies of the expres-

sion patterns of the Wnt signaling pathways in trophoblast cells

of different gestational ages and their roles in complicated

pregnancies are warranted to validate our findings.
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