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Objective: To study the contents of Wnt/β-catenin signaling pathway-related molecules in
the preeclampsia placenta tissue and their correlation with the trophocyte apoptosis. Methods:
A total of 56 patients who were diagnosed with preeclampsia in Ganzhou People’s Hospital
between March 2015 and March 2017 were selected as the preeclampsia group (PE group)
of the research, and 70 healthy puerperae who gave birth in the hospital during the same
period was selected as the control group of the research. After childbirth, the placenta was
collected to test the contents of Wnt/β-catenin signaling pathway-related molecules, oxidative
stress molecules, apoptosis molecules and cell invasion molecules. Results: Wnt1, Wnt3a,
β-catenin, XIAP, MMP1, MMP2 and Vimentin contents in placenta tissue of PE group
were significantly lower than those of control group while MDA, ox-LDL, 8-iso-PG, AOPP,
Caspase-3, Caspase-9, TIMP1, TIMP2 and E-cadherin contents were significantly higher
than those of control group; Wnt1, Wnt3a and β-catenin contents in placental tissues of PE
group were positively correlated with the XIAP, MMP1, MMP2 and Vimentin contents, and
negatively correlated with MDA, ox-LDL, 8-iso-PG, AOPP, Caspase-3, Caspase-9, TIMP1,
TIMP2 and E-cadherin contents. Conclusion: The Wnt/β-catenin signaling pathway function
is significantly inhibitedin preeclampsia placenta tissue and associated with the trophocyte
apoptosis induced by oxidative stress.
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1. Introduction
Preeclampsia (PE) is a common complication during pregnancy,
which is mainly clincially characterized by hypertension and
proteinuria, and will increase maternal and perinatal mortality.
Excessive placenta trophocyte apoptosis is an important pathological
feature of preeclampsia, oxidative stress reaction activation and
increased oxygen free radical formation have starting effects on
apoptosis, and excessive apoptosis will affect cell invasion and
lead to shallow placenta implantation[1,2]. At present, the regulation
mechanism of apoptosis in preeclampsia placenta is not clear.
Wnt/β-catenin is an important signaling pathway in the cells,
the activation of Wnt1, Wnt3a and other upstream molecules can


Corresponding author: Xia-Fang Li, Obstetrics Department, Ganzhou People’s
Hospital in Jiangxi Province, Ganzhou City, Jiangxi Province, 341000
Tel: 0797-5889552; 13767771208
Fund Project: Hospital Fund Project of Ganzhou Jiangxi Province No:
GZ2015ZSF174.

cause intracellular β-catenin to accumulate and transfer into the
nucleus, which regulates cell apoptosis, invasion, and oxidative
stress reaction[3]. In vitro study shows that activation of Wnt/betacatenin signaling pathway has protective effect on the hypoxiareoxygenation injury of trophocytes[4]. In the following studies,
we analyzed the correlation between Wnt/beta-catenin signaling
pathway-related molecule levels in preeclampsia placenta and
trophocyte apoptosis.

2. Case information and research methods
2.1 General case information
A total of 56 patients who were diagnosed with preeclampsia
in Ganzhou People’s Hospital between March 2015 and March
2017 were selected as the preeclampsia group (PE group) of
the research, all patients were in accordance with the diagnostic
criteria for preeclampsia, and patients combined with pre-pregnant
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hypertension were eliminated. 70 healthy puerperae who gave birth
in the hospital during the same period were selected as the control
group of the research, and all puerperae were without preeclampsia,
gestational diabetes, intrahepatic cholestasis and other pregnancy
complications. PE group were 23-34 years old, 32 cases were
primiparae and 24 cases were multiparae; control group were 22-35
years old, 38 cases were primiparae and 32 cases were multiparae.
There was no significant difference in general information between
the two groups (P>0.05).

3.2 Oxidative stress molecule contents in placenta

2.2 Research methods

(P<0.05). Pearson correlation analysis showed that MDA, ox-

2.2.1 Placenta sample collection

correlated with Wnt1, Wnt3a and β-catenin contents.

Analysis of oxidative stress molecules MDA (nmol/mL), oxLDL (ng/mL), 8-iso-PG (ng/mL) and AOPP (nmol/mL) contents in
placenta tissue between PE group and control group was as follows:
MDA, ox-LDL, 8-iso-PG and AOPP contents in placenta tissue
of PE group were significantly higher than those of control group.
Differences in MDA, ox-LDL, 8-iso-PG and AOPP contents in
placenta tissue were statistically significant between the two groups
LDL, 8-iso-PG and AOPP contents in PE placenta were negatively

Within 30 min after the delivery of placenta, proper amount of
placental villus tissue was collected near the central part, washed
with saline to clean the residual blood after large vessels and
calcification zone were removed, frozen in the liquid nitrogen for 2030 min, then taken out and stored in -70 ℃ cryogenic refrigerator.

2.2.2 Molecule content detection

Placenta samples were taken, added in PBS and homogenized,
the homogenate was centrifuged in the centrifuge for 10 min at
a speed of 12 000 r/min to get the supernatant fluid, enzymelinked immunosorbent assay kit was used to determine Wnt1,
Wnt3a, β-catenin, XIAP, Caspase-3, Caspase-9, MMP1, MMP2,
TIMP1, TIMP2, E-cadherin and Vimentin contents, and the
radioimmunoprecipitation kit was used to determine the contents of
MDA, ox-LDL, 8-iso-PG and AOPP.

Table 2.
Comparison of oxidative stress molecules in placenta.
Groups
PE group
Control group
T
P

n
56
70

MDA
5.36±0.73
2.21±0.32
12.894
＜0.05

Ox-LDL
6.52±0.79
2.76±0.35
13.427
＜0.05

8-iso-PG
AOPP
1.98±0.22 11.25±1.36
1.03±0.14 4.95±0.67
9.285
15.429
＜0.05
＜0.05

3.3 Trophocyte apoptosis molecule contents in placenta
Analysis of trophocyte apoptosis molecules XIAP (ng/mL),
Caspase-3 (pg/mL) and Caspase-9 (pg/mL) contents in placenta
tissue between PE group and control group was as follows: XIAP
content in placenta tissue of PE group was significantly lower than

2.3 Statistical methods

that of control group while Caspase-3 and Caspase-9 contents were

SPSS 21.0 software was used to input data, differences in molecule
contents between two groups were analyzed by t test, the correlation
between two data was by Pearson test and P＜0.05 was the standard
of statistical significance in differences in test results.

XIAP, Caspase-3 and Caspase-9 contents in placenta tissue were

significantly higher than those of control group. Differences in
statistically significant between the two groups (P<0.05). Pearson
correlation analysis showed that XIAP content in PE placenta was
positively correlated with Wnt1, Wnt3a and β-catenin contents
while Caspase-3 and Caspase-9 contents were negatively correlated
with Wnt1, Wnt3a and β-catenin contents.

3. Results
3.1 Wnt/β-catenin signaling pathway-related molecule
contents in placenta
Analysis of Wnt/β-catenin signaling pathway-related molecules
Wnt1 (ng/mL), Wnt3a (ng/mL) and β-catenin (pg/mL) contents in
placenta tissue between PE group and control group was as follows:
Wnt1, Wnt3a and β-catenin contents in placenta tissue of PE group
were significantly lower than those of control group. Differences
in Wnt1, Wnt3a and β-catenin contents in placenta tissue were
statistically significant between the two groups (P<0.05).

Table 3.
Comparison of trophocyte apoptosis molecules in placenta.
Groups
PE group
Control group
T
P

n
56
70

XIAP
2.32±0.35
6.61±0.79
18.389
＜0.05

Caspase-3
Caspase-9
215.65±33.41 175.52±20.35
93.46±10.39 75.62±9.35
12.672
13.029
＜0.05
＜0.05

3.4. Trophocyte invasion molecule contents in placenta
Analysis of trophocyte invasion molecules MMP1 (ng/mL), MMP2

Table 1.

(ng/mL), TIMP1 (ng/mL), TIMP2 (ng/mL), E-cadherin (pg/mL) and

Comparison of Wnt/β-catenin signaling pathway-related molecules in

Vimentin (pg/mL) contents in placenta tissue between PE group and

placenta.

control group was as follows: MMP1, MMP2 and Vimentin contents

Groups
PE group
Control group
T
P

n
56
70

Wnt1
1.95±0.24
3.36±0.49
12.859
＜0.05

Wnt3a
1.02±0.15
2.78±0.35
16.029
＜0.05

β-catenin
98.55±10.82
264.52±37.29
15.486
＜0.05

in placenta tissue of PE group were significantly lower than those
of control group while TIMP1, TIMP2 and E-cadherin contents
were significantly higher than those of control group. Differences in
MMP1, MMP2, TIMP1, TIMP2, E-cadherin and Vimentin contents
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Table 4.
Comparison of trophocyte invasion molecules in placenta.
Groups
PE group
Control group
T
P

n
56
70

MMP1
0.78±0.09
2.74±0.35
24.598
＜0.05

MMP2
1.55±0.18
5.82±0.79
21.385
＜0.05

TIMP1
0.92±0.11
0.41±0.07
12.309
＜0.05

TIMP2
0.73±0.08
0.35±0.06
10.895
＜0.05

E-cadherin
125.5±14.9
69.34±9.32
9.285
＜0.05

Vimentin
106.7±13.8
252.8±31.9
13.673
＜0.05

in placenta tissue were statistically significant between the two

lipids in cell membrane structure and organelle membrane structure

groups (P<0.05). Pearson correlation analysis showed that MMP1,

will cause the cellular structure and function injury, and also generate

MMP2 and Vimentin contents in PE placenta were positively

MDA, ox-LDL, 8-iso-PG and other lipid peroxidation products[9,10].

correlated with Wnt1, Wnt3a and β-catenin contents while TIMP1,
TIMP2 and E-cadherin contents were negatively correlated with
Wnt1, Wnt3a and β-catenin contents.

The proteins in the cells are also attacked by oxygen free radicals and

then generate the protein oxidation product AOPP[11]. In the study,

analysis of the oxidative stress molecule contents in preeclampsia

placenta showed that MDA, ox-LDL, 8-iso-PG and AOPP contents
in placenta tissue of PE group were significantly higher than those

4. Discussion

of control group. This indicates that the activation of oxidative stress
response and the excessive generation of oxygen free radicals are

The excessive apoptosis and insufficient invasion of placental

related to the occurrence of preeclampsia. Further analysis of the

trophocytes are the important characteristics of preeclampsia,

correlation between the Wnt/β-catenin signaling pathway function

oxidative stress reaction activation is the important pathological

and oxidative stress response showed that MDA, ox-LDL, 8-iso-

factor affecting trophocyte apoptosis and invasion, but the specific

PG and AOPP contents in PE placenta were negatively correlated

regulatory mechanism is not yet clear. Wnt/β-catenin is the

with Wnt1, Wnt3a and β-catenin contents. This indicates that the

important signaling pathway in cells regulating apoptosis, invasion

inhibition of Wnt/β-catenin signaling pathway in preeclampsia

and oxidative stress, Wnt1 and Wnt3a are the classic molecules

placenta will result in the increased generation of oxygen free

that start the signaling pathway, they can inhibit the degradation

radicals and cause oxidative stress damage in trophocytes.

of downstream molecule β-catenin and make it accumulate in

The activation of oxidative stress in the placenta of preeclampsia

the cells, and the continuously accumulated β-catenin can further

can not only directly cause the damage to trophocytes and

transfer into the nucleus and regulate the expression of multiple

endothelial cells, but also induce apoptosis of trophocytes through

genes[5,6]. Existing cellular experimental study has confirmed that

mitochondrial pathway[12,13]. Oxygen free radical attack and damage

trophocyte injury induced by hypoxia reoxygenation[4], but there

C release from the mitochondria into the cytoplasm, activate

is no clear report about the changes of Wnt/β-catenin signaling

caspase-9, lead to cascade amplification of apoptosis, and eventually

pathway function in preeclampsia progression. In the study, in order

mediate apoptosis by activating Caspase-3[14-16]. XIAP is an

activation of Wnt/β-catenin signaling pathway can reduce placental

on the mitochondrial membrane will cause the massive cytochrome

to define the correlation between Wnt/β-catenin signaling pathway

important anti-apoptotic molecule in cells, which can be combined

function change and the onset of preeclampsia, the Wnt/β-catenin

with many kinds of Caspase molecules and inhibit the over-activation

signaling pathway molecule levels in preeclampsia placenta were

of apoptosis[17]. In the study, analysis of the changes in trophocyte

analyzed, and the results showed that Wnt1, Wnt3a and β-catenin

apoptosis molecule contents in preeclampsia placenta showed that

contents in placenta tissue of PE group were significantly lower than

XIAP content in placenta tissue of PE group was significantly lower

those of control group. This means that Wnt/β-catenin signaling

than that of control group while Caspase-3 and Caspase-9 contents

pathway inhibition is closely related to the onset of preeclampsia,

were significantly higher than those of control group. This indicates

and the signaling pathway may affect the cell apoptosis, invasion and

that the excessive apoptosis of trophocytes and the weakening

oxidative stress to participate in the occurrence and development of

of anti-apoptotic capacity are associated with the occurrence of

preeclampsia.

preeclampsia. Further analysis of the correlation between the Wnt/

Oxidative stress is an important biological link affected by Wnt/

β-catenin signaling pathway function and the trophocyte apoptosis

β-catenin signaling pathway, and the excessive activation of

showed that Wnt1, Wnt3a and β-catenin contents in PE placenta

oxidative stress is an important pathological feature in the onset of

were positively correlated with XIAP content and negatively

preeclampsia, which is characterized by the increased formation

correlated with Caspase-3 and Caspase-9 contents. This indicates

of oxygen free radicals as well as the peroxidation damage of

that the inhibition of Wnt/β-catenin signaling pathway function

trophocytes and endothelial cells[7,8]. Lipid is the composition in

in preeclampsia placenta can cause the excessive apoptosis of

attack, and the oxidation reaction between oxygen free radicals and

There will be functional damage in the placenta of preeclampsia

cellular structure that is most vulnerable to oxygen free radical

trophocytes and the weakening of anti-apoptotic capacity.
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after the excessive apoptosis of trophocytes, and there is a close

[6] Verghese S, Su TT. Drosophila Wnt and STAT define apoptosis-resistant

relationship between the invasive function injury and the occurrence

epithelial cells for tissue regeneration after irradiation. PLoS Biol 2016;

of disease. MMPs and TIMPs are the key molecules that affect
extracellular matrix degradation and adjust cell invasion, MMP1
and MMP2 can hydrolyze extracellular matrix and promote cell
invasion, and the TIMP1 and TIMP2 can inhibit MMPs hydrolysis
activity and inhibit cell invasion[18-20]. Epithelial mesenchymal

transition is an important mechanism for cells to obtain invasion
and movement performance, epithelial phenotype marker molecule

14(9): e1002536.

[7] Cuellar-Rufino S, Navarro-Meza M, Garcia-Solis P, Xochihua-Rosas I,
Arroyo-Helguera O. Iodine levels are associated with oxidative stress and
antioxidant status in pregnant women with hypertensive disease. Nutr
Hosp 2017; 34(3): 661-666.

[8] Williamson RD, McCarthy C, McCarthy FP, Kenny LC. Oxidative stress
in pre-eclampsia; have we been looking in the wrong place. Pregnancy
Hypertens 2017; 8: 1-5.

E-cadherin can maintain intercellular polarity and inhibit cell

[9] Kozan A, Yildirmak ST, Mihmanli V, Ayabakan H, Cicek YG, Kalaslioglu

invasion, and mesenchymal phenotype marker molecule Vimentin

V, et al. Serum oxidized low density lipoprotein levels in preeclamptic

can make cells obtain strong movement performance and promote
cell invasion[21,22]. In the study, analysis of the changes of trophocyte

invasion molecule contents in preeclampsia placenta showed that
MMP1, MMP2 and Vimentin contents in placenta tissue of PE

and normotensive pregnants. Clin Exp Obstet Gynecol 2015; 42(6): 746748.
[10]Hu YY, Liu JC, Xing AY. Oxidative stress markers in intrahepatic
cholestasis of pregnancy: a prospective controlled study. Eur Rev Med
Pharmacol Sci 2015; 19(17): 3181-3186.

group were significantly lower than those of control group while

[11]D 'souza JMP, Harish S, Pai VR, Shriyan C. Increased oxidatively

TIMP1, TIMP2 and E-cadherin contents were significantly higher

modified forms of albumin in association with decreased total antioxidant

than those of control group. This indicates that the insufficiency of

activity in different types of hypertensive disorders of pregnancy. Indian

trophocyte invasion is related to the occurrence of preeclampsia.

J Clin Biochem 2017; 32(2): 200-206.

Further analysis of the correlation between Wnt/β-catenin signaling

[12]Khera A, Vanderlelie JJ, Holland O, Perkins AV. Overexpression of

pathway function and trophocyte invasion showed that Wnt1, Wnt3a

endogenous anti-oxidants with selenium supplementation protects

and β-catenin contents in PE placenta were positively correlated
with MMP1, MMP2 and Vimentin contents, and negatively
correlated with TIMP1, TIMP2 and E-cadherin contents. This
indicates that the inhibition of Wnt/β-catenin signaling pathway
function in preeclampsia placenta can cause the deficiency of
trophocyte invasion.
In this study, it is believed that the Wnt/β-catenin signaling

trophoblast cells from reactive oxygen species-induced apoptosis in a
bcl-2-dependent manner. Biol Trace Elem Res 2017; 177(2): 394-403.
[13]Wang A, Liu Q, Zhang J, Zheng R.Berberine alleviates preeclampsia
possibly by regulating the expression of interleukin-2/interleukin-10 and
Bcl-2/Bax. Int J Clin Exp Med 2015; 8(9): 16301-16307.
[14]A froze SH, Kalagiri RR, Reyes M, Zimmerman JD, Beeram MR,
Drever N, et al. Apoptotic and stress signaling markers are augmented in
preeclamptic placenta and umbilical cord. BBA Clin 2016; 25(6): 25-30.

pathway function in the placenta of preeclampsia is significantly

[15]Bailey LJ, Alahari S, Tagliaferro A, Post M, Caniggia I. Augmented

inhibited; the inhibition of this signaling pathway can lead to

trophoblast cell death in preeclampsia can proceed via ceramide-

hyperactivation of oxidative stress, and then result in excessive
apoptosis and insufficient invasion.

mediated necroptosis. Cell Death Dis 2017; 8(2): e2590.
[16]Dagdelen M, Temur M, Yılmaz O, Altındag T, Uslu T, Ozbay PO.
Placental bed apoptosis is increased in pregnant women with preeclampsia versus normotensive pregnant women. J Obstet Gynaecol 2016;
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