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Abstract: We aimed to investigate the effect of Keapl/Nrf2 pathway on the biologic function of trophoblast cells in
the oxidative stress model at the cellular level, and analyze the expression levels and clinical significance of Keapl1/
Nrf2 related antioxidant factors in placental tissues of preeclampsia (PE) patients at clinical level. In this study, we
found that under hypoxia/reoxygenation conditions, the activities of oxidative stress-related enzymes (CAT, GSH-P,
SOD) in HTR8/SVneo cells were significantly lower than those before treatment (P<0.01). The activities of CAT, GSH-
Px and SOD in HTR8/SVneo cells in siRNA+H/R group decreased significantly (P<0.01), which indicated the impor-
tant defensive effect of Keap1/Nrf2 pathway in oxidative stress. Compared with Nrf2 siRNA+H/R group, Si-NC+H/R
group had CAT, GSH-Px and SOD activities decreasing, which were similar to those in the H/R group. Moreover, the
activities of oxidative stress-related active enzymes in patients with preeclampsia were further confirmed by detect-
ing and comparing the activities of CAT, GSH-Px and SOD in placental tissues. The results showed that the activities
of SOD (P<0.001), GSH-Px (P<0.01) and CAT (P<0.01) in placental tissues of patients with PE were significant differ-
ent from those of normal placental tissues. The expression level of Keap1 in placenta of patients with PE was slight-
ly lower than that of normal placenta, while the expression of Nrf2 and HO-1 in placenta of patients with PE were
significantly higher than those of normal placenta, which implicated the importance of Keap-1/Nrf2 pathway in PE.
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Introduction

Preeclampsia (PE) is one of the leading causes
of maternal mortality and morbidity and a life-
threatening pregnancy complication for both
mother and embryos. It is characterized by
new-onset hypertension and proteinuria after
20 weeks of gestation, and its incidence is
about 2-9.4% [1-3]. Various factors have been
proposed as risk factors associated with pre-
eclampsia including age, obesity, chronic hyper-
tension, renal disease and diabetes mellitus
[4-6]. The development process of PE can be
divided into the following two stages: the first
stage is the invasion of the embryonic tropho-
blast into the myometrium of the mother, result-
ing in insufficient remodeling of the uterine spi-
ral artery. In the second stage, the endothelial
dysfunction caused by the systemic inflamma-
tory response and the increase in blood pres-
sure caused by decreased renal function are
the main features, eventually leading to clinical

syndrome characterized by maternal hyperten-
sion and proteinuria. Despite the involvement
of multiple risk factors in preeclampsia, the
pathogenesis of PE development remains
unclear [7, 8]. The only effective way to relieve
maternal symptoms is delivery of the placenta
and fetus [9-11].

One pathophysiologic mechanism which was
significantly associated with PE is oxidative
stress (0S). OS is defined as a homeostatic
imbalance within the reduction-oxidation (re-
dox) environment that involves a dysregulation
between oxidants and antioxidants [12-14].
Oxidative stress arises during pregnancy includ-
ing either from an excessive production by the
placental metabolism of reactive oxygen spe-
cies (ROS) or from an inadequate supply of anti-
oxidant substances [15-18]. Endogenous ROS
play a critical role in maintaining biologic ho-
meostasis and have been identified as signal-
ing molecules in physiologic and pathophysio-
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logic processes. Specifically, ROS can activate
redox-sensitive transcription factors to regulate
inflammatory cytokines or activate protein
kinases to promote cell proliferation.

Transcription factor NF-E2 p45-related factor 2
(Nrf2, gene name NFE2L2) regulates the
expression of a large network of genes encod-
ing inducible cytoprotective proteins that allow
mammalian cells and organisms to adapt and
survive under various conditions including oxi-
dative stress. Together with its principal nega-
tive regulator, Kelch-like ECH-associated pro-
tein 1 (Keapl), Nrf2 forms a molecular effector
and sensor system that robustly responds to
perturbations of the cellular redox balance and
orchestrates a comprehensive defense pro-
gram, which in turn restores homeostasis [19,
20]. The Nrf2 status affects the production of
ROS by the two major ROS producing systems,
mitochondria and NADPH oxidase. Among the
Nrf2 transcriptional targets are proteins with
critical roles in the generation and utilization of
reducing equivalents such as NADPH and re-
duced glutathione (GSH), as well as thioredox-
in, thioredoxin reductase, peroxiredoxin, and
sulfiredoxin, which collectively provide com-
partmentalized redox sensing of ROS to main-
tain redox balance under homeostatic condi-
tions [21, 22].

In present study, we investigated the effect of
the Keapl/Nrf2 pathway on the biological func-
tion of trophoblast cells in the oxidative stress
model at the cellular level, and analyzed the
expression level and clinical significance of
Keapl/Nrf2 related antioxidant factors in pla-
cental tissues of PE patients at the clinical
level. The aim of this study is to clarify the role
of Keap1/Nrf2 pathway in the regulation of oxi-
dative stress in PE patients, and provide a theo-
retical basis for follow-up research and drug
development.

Materials and methods
Patients

Participants were recruited after written in-
formed consent under a protocol approved by
the Committee on Human Research at the
Shandong Provincial Qianfoshan Hospital, The
First Hospital Affiliated with Shandong First
Medical University. All samples in our study
were from placenta of single pregnancy.
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Placental tissues from normal pregnancy (n=
20), and preeclampsia patients (n=20) were
obtained from individuals at Shandong Pro-
vincial Qianfoshan Hospital. Several aliquots of
tissue were collected randomly from the mater-
nal side of the placenta. The tissues were snap
frozen in liquid nitrogen and stored at -80°C
before use.

Cell culture HTR8/SVneo cell hypoxia reoxy-
genation model

The trophoblastic oxidative stress model uses
a human chorionic trophoblast cell line HTR8/
SVneo in early pregnancy. Cell cultured in a
37°C, 5% CO, incubator, Gibco RPMI 1640
medium, 10% fetal bovine serum, 1% penicillin/
streptomycin double antibody. HTR8/SVneo
cells were cultured in the above cell culture
manner, and the cells were cultured in a three-
gas incubator (O,, CO,, N,) to detect oxidative
stress related indicators. HTR8/SVneo cell
hypoxia/reoxygenation (H/R) is a PE cell model,
which is the most commonly used culture with
mixed gas. In this study, HTR8/SVneo cells
were cultured in 2% CO,, for 8 hours as hypoxia,
and then cultured in 20% O, for 16 hours to
reoxygenate.

Construction of Nrf2 siRNA interferes with len-
tiviral vector and transfects HTR8/SVneo cells

Due to the lack of a specific Keapl/Nrf2 signal-
ing pathway inhibitor, viral transfection induces
Nrf2 gene silencing in HTR8/SVneo cells to
inhibit Nrf2 expression: selection of small inter-
fering RNA (siRNA) interfering with Nrf2. The
viral vector was then transfected into HTR8/
SVneo cells.

Preparation of dichlorofluorescin (DCFH)

DCFDA was hydrolyzed to dichlorofluorescin
(DCFH) according to a reported method. Briefly,
0.5 mL DCFDA in water (1 mmol L) was added
to 2 mL of 0.01 N NaOH and allowed to stand at
room temperature for 30 min. The hydrolysate
was neutralized with 10 mL PBS (25 mmol L1),
pH 7.2, and was always freshly prepared prior
to use.

Oxidation of DCFH

100-pL aliquot of DCFH (40 umol L*) was added
to 100 pL PBS containing Cu?* or Cu* and fluo-
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rescence development was monitored in an
automated plate reader at 37°C (Wallac).
Excitation wavelength was set at 485 nm and
emission was recorded at 535 nm. At the indi-
cated time points, 20 yL of the respective cop-
per chelator or PBS (for control) was added to
give the final concentrations.

Antioxidant status in placental tissues

Intracellular antioxidant enzyme concentra-
tions were measured as a proxy for oxidative
stress in fetal membranes using a Milliplex
Human Oxidative Stress Magnetic Bead Panel
(Catalog no. HOXSTMAG-18K, EMD Millipore,
Merck, Barmstadt, Germany). Catalase (CAT),
Glutathione peroxidase (GSH-Px) and superox-
ide dismutases (SOD) were measured in tissue
homogenates. Samples were run in duplicate,
and the manufacturer’s instructions were fol-
lowed for conducting this assay after reconsti-
tuting tissue lysates and diluting them in the
MAP Assay Buffer. The plates were analyzed
using the Luminex system. Data were normal-
ized to total protein concentration prior to anal-
ysis and reported as median fluorescence
intensity (MFI).

RNA extraction and real-time reverse transcrip-
tase-PCR

Total RNA of tissue samples were isolated using
TRIzol (Life Technologies, Inc., Rockville, MD)
according to the manufacturer’s instructions.
cDNA was generated from 1 ug of each RNA
sample and a reverse transcribed using a tran-
scription kit (Takara, Kyoto, Japan). Real-time
quantitative reverse transcriptase-PCR (RT-
PCR) was done in the 7300 Real Time PCR
System (Applied Biosystems).

Western blotting analysis

Denatured protein samples were resolved on
SDS-PAGE and transferred to PVYDF membrane
(Millipore, Billerica, MA, USA). After blocking
with non-fat milk, membrane was incubated
overnight at 4°C with antibodies including
Keap-1, Nrf2, HO-1 and B-actin (Abcam, USA)
followed by incubation with the antirabbit HRP-
conjugated secondary antibodies (Santa Cruz,
Billerica, MA, USA). Chemiluminescence detec-
tion was performed using ECL advance western
blotting detection reagents (GE healthcare,
Little Chalfont, Buckinghamshire, UK). The rela-
tive expression was quantified by image
software.
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Statistical analysis

The x? test or Fisher’s exact test were used to
compare qualitative variables, while continu-
ous variables were compared using Student’s
t-test or Mann-Whitney test for variables with
an abnormal distribution. Receiver operating
characteristic curve analysis was used to deter-
mine the optimal cut-offs of continuous vari-
ables. All statistical evaluations were carried
out using SPSS software (Statistical Package
for the Social Science, version 15.0, SPSS Inc.)
and GraphPad Prism 5 (Version 5.01, GraphPad
Software, Inc.). A value of P<0.05 was consid-
ered significant in all analyses.

Results

Identification of Nrf2 transfection efficiency in
HTR8/SVneo cells

The lentiviral vector was transfected into HTR8/
SVneo cells, and the optimal infection value of
lentivirus with a titer of 1x10” TU/ml was 40;
the transfection efficiency was 90% after sta-
ble transfection. The expression of Nrf2 mRNA
after transfection was detected by gRT-PCR.
The expression of Nrf2 mRNA in Si-Nrf2 group
was significantly lower than that in Si-NC group
(P<0.001, Figure 1A, 1B). By western blotting,
the expression of Nrf2 in Si-Nrf2 group was sig-
nificantly lower than that in Si-NC group
(P<0.001, Figure 1C). We applied DCFH that
were commonly used to detect reactive oxygen
species (ROS) levels. The ROS levels in hypoxia/
reoxygenation(H/R) group of HTR8/SVneo cells
were significantly higher than that in Non-
treated group (P<0.01, Figure 1D), indicating
that hypoxia/reoxygenation had a significant
effect on intracellular oxidative stress levels;
ROS levels in Nrf2 SiRNA+H/R group were sig-
nificantly higher than those in H/R group
(P<0.01), indicating that Nrf2 participated in
and regulated the oxidative stress levels in
HTR8/SVneo cells.

Detection and comparison of CAT, GSH-Px, and
SOD activities in different groups of HTR8/
SVneo cells and the effect of Nrf2 on oxidative
stress-related active enzymes

Under hypoxia/reoxygenation conditions, the
activities of oxidative stress-related enzymes
(CAT, GSH-Px, SOD) in HTR8/SVneo cells were
significantly lower than before treatment
(P<0.01). The activities of CAT, GSH-Px, and
SOD in HTR8/SVneo cells in the SiRNA+H/R
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Figure 1. Nrf2 interference efficiency in HTR8/SVneo cells (normal group value is set to 1).

group decreased significantly (P<0.01), which
indicated the important defensive effect of
Keapl/Nrf2 pathway in oxidative stress. Com-
pared with Nrf2 SiRNA+H/R group, Si-NC+H/R
group had decreasing CAT, GSH-Px and SOD
activities, which were similar to those in the
H/R group (P>0.05, Figure 2).

Detection and comparison of expression levels
of anti-oxidation related genes Keapl, Nrf2,
and HO-1 in HTR8/SVneo cells under hypoxia-
reoxygenation

The results showed that the expression of
Keapl mRNA in HTR8/SVneo cells was slightly
lower than that of normal controls after hypox-
ia-reoxygenation (P<0.05, Figure 3A). The
expression of Nrf2 mRNA in HTR8/SVneo cells
was significantly higher than that in the normal
control group (P<0.001, Figure 3B); HO-1 mRNA
expression levels were significantly higher in
HTR8/SVneo cells after hypoxia-reoxygenation
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than in normal cells (P<0.001, Figure 3C). The
expression of Keapl protein in HTR8/SVneo
cells was significantly lower than that in the nor-
mal control group (Figure 3D, P<0.05). The
expression of Nrf2 protein in HTR8/SVneo cells
was significantly higher than that in normal
cells after hypoxia-reoxygenation (P<0.001,
Figure 3D); HO-1 protein expression level was
also significantly higher than normal cells after
hypoxia-reoxygenation (P<0.001, Figure 3D).

Comparison of clinical characteristics between
normal group and preeclampsia group

There were no significant differences in age,
BMI, and previous smoking history between the
two groups of patients (P>0.05). There were
significant differences in the gestational age,
systolic blood pressure, diastolic blood pres-
sure and neonatal weight between the normal
group and preeclampsia group (Table 1).
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Detection and comparison of enzymes related
to oxidative stress in placental tissues of pa-
tients in normal and preeclampsia group

The activities of oxidative stress-related active
enzymes in patients with preeclampsia were
further confirmed by detecting and comparing
the activities of CAT, GSH-Px and SOD in pla-
cental tissues. The results showed that the
activities of SOD (P<0.001, Figure 4A), GSH-Px
(P<0.01, Figure 4B), and CAT (P<0.01, Figure 4)
in placental tissues of patients with preeclamp-
sia were significant different from those of nor-
mal placental tissues.

Detection and comparison of mRNA expres-
sion levels of anti-oxidation related genes

Keapl, Nrf2, and HO-1 in placental tissues
of patients in the normal and preeclampsia

group

The mRNA expression levels of Keapl, Nrf2
and HO-1 in the placenta tissues of the two
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groups were detected by gRT-PCR. The results
showed that the expression level of Keapl
mRNA in placenta of patients with preeclamp-
sia was slightly lower than that of normal pla-
centa (P<0.05, Figure 5A). The expression of
Nrf2 mRNA in placenta of patients with pre-
eclampsia was significantly higher than that of
normal placenta (P<0.001, Figure 5B). HO-1
MRNA expression in placenta of patients with
preeclampsia was significantly higher than that
of normal placenta (P<0.001, Figure 5C).

Detection and comparison of protein expres-
sion levels of anti-oxidation related genes
Keapl, Nrf2, and HO-1 in placental tissues of
patients in normal and preeclampsia group

The results showed that the expression level of
Keapl in placenta of patients with preeclamp-
sia was slightly lower than that of normal pla-
centa (P<0.05, Figure 6). The expression of
Nrf2 and HO-1 in placenta of patients with pre-
eclampsia were significantly higher than that of
normal placenta. Tissue (P<0.001, Figure 6).
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Table 1. Demographics and clinical characteristics of all lead to inflammation, apoptosis, and
patients the release of cellular debris into
Normal  Preeclampsia p maternal circulation, along with sev-
variables group group value eral anti-angiogenic factors, such as
soluble fms-like tyrosine kinase-1
Case (n) 20 20 .
(sFIt1) and soluble Endoglin (sEng),
Maternal age (years) 30.2+3.8 29.3#4.6 >0.05

cytokines, and oxidants [29, 30].

Gestational age (weeks, days) 38.6+1.6 35.3+3.1 <0.05 These placental-derived factors pl-

BMI (kg/m?) 25.4+3.2 27121 >0.05 ayed on the maternal vascular en-
Smoking (N) 2 5 >0.05 dothelium, inducing oxidative stress
Systolic pressure (MmHg) 129.7+7.5 158.6+10.6 <0.01 and stimulating the production and
Diastolic pressure (mmHg) 79.3+8.2  120.7+9.2 <0.01 secretion of pro-inflammatory cyto-
Birthweight (g) 3500.2+2.8 26017485 <0.01 kines, as well as vasoactive com-

Abbreviations: BMI, body mass index.

Discussion

Classically, PE is defined by de novo maternal
hypertension (>140/90 mmHg systolic/diastol-
ic blood pressure) and proteinuria (>300 mg/
24 h) [23]. In severe cases, the mother may
develop comorbidities such as hepatic altera-
tions (HELLP syndrome), edema, disseminated
vascular coagulation (DIC), and eclampsia, par-
ticularly targeting the brain (cerebral edema)
[24, 25]. Over the last decade, substantial pro-
gress had been made in understanding the
pathophysiology of PE [26-28]. Oxidative stress
damage in the placenta had been reported to
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pounds. Therefore, oxidative stress
appeared to be the central compo-
nent of both placental and endothe-
lial dysfunction, the causative etiology of PE
[31].

During the first stage of oxidative stress, Nrf2 is
activated by the disassociation of Nrf2 from its
repressor protein in the cytoplasm. Keap-1 con-
tains cysteine residues and reacts with oxida-
tive and electrophilic radicals leading to con-
formational changes and the release of Nrf2
[32, 33]. Subsequently, the translocation of
Nrf2 to the nucleus takes place and it binds to
Antioxidant Response Element (ARE), resulting
in the transcription of defensive genes [34].
The activation of the transcription involves Nrf2
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recognizing its own promoter and establishing
an effective interaction with it and the newly
formed and accumulated Nrf2 in the nucleus
binds to promoters of other specific genes [35].

In the present study, we found that under
hypoxia/reoxygenation conditions, the activity
of oxidative stress-related enzymes (CAT, GSH-
Px, SOD) in HTR8/SVneo cells was significantly
lower than that before treatment (P<0.01). The
activities of CAT, GSH-Px, and SOD in HTR8/
SVneo cells in SIRNA+H/R group decreased sig-
nificantly (P<0.01), which indicated the impor-
tant defensive effect of Keapl/Nrf2 pathway
in oxidative stress. Compared with the Nrf2
SiRNA+H/R group, Si-NC+H/R group had CAT,
GSH-Px and SOD activities decreasing, which
were similar to those in the H/R group. More-
over, the activities of oxidative stress-related
active enzymes in patients with preeclampsia
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were further confirmed by detecting and com-
paring the activities of CAT, GSH-Px and SOD in
placental tissues. The results showed that the
activity of SOD (P<0.001), GSH-Px (P<0.01),
and CAT (P<0.01) in placental tissues of pa-
tients with preeclampsia were significantly dif-
ferent from those of normal placental tissues.
The expression level of Keapl in placenta of
patients with preeclampsia was slightly lower
than that of normal placenta, while the expres-
sion of Nrf2 in placenta of patients with pre-
eclampsia was significantly higher than that of
normal placenta. HO-1 expression in placenta
of patients with preeclampsia was significantly
higher than that of normal placenta.

In summary, we found that decreased antioxi-
dant enzymes were observed under hypoxia/
reoxygenation conditions in HTR8/SVneo ce-
lls. The levels of anti-oxidation related genes

Int J Clin Exp Pathol 2020;13(3):382-392
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Figure 5. Detection and comparison of mMRNA expression levels of anti-oxidation related genes Keap1 (A, B), Nrf2 (C,
D), and HO-1 (E, F) in placental tissue of normal patients with those of preeclampsia patients.
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Figure 6. Detection and comparison of protein expression levels of anti-oxidation related genes Keapl, Nrf2, and
HO-1 in placental tissue of normal patients with those of preeclampsia patients.

Keapl, Nrf2, and HO-1 in HTR8/SVneo cells
also were significantly different. Moreover, the
activities of oxidative stress-related active
enzymes in placental tissues of patients with
preeclampsia were significantly lower than
those in the normal placental tissues. These
results implicate the importance of Keap-1/
Nrf2 pathway in PE.
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