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ABSTRACT

Background and Objective: Pre-eclampsia (PE) is a hypertensive gestational disease appearing during second trimester of pregnancy. Free
radicals are released by the placenta in this condition that may cause oxidative damage. This study was designed to determine the serum
ferritin (SF) levels in maternal blood, fetal umbilical cord blood and placenta and the changes associated with oxidative stress as well as cell
apoptosis to understand the pathogenesis of PE.

Methods: This cross-sectional analytical study recruited 60 pregnant females with severe PE and assigned into early and late onset PE
groups. Another n = 60 cases of normal pregnant females with similar gestational weeks were selected in the control group. Maternal
serum and fetal umbilical cord blood ferritin levels were determined by automatic biochemical immunoassay system. Reverse transcription
real-time fluorescence, Western blot and colorimetry were used to determine mRNA expression levels of ferritin and ferritin heavy chain,
relative expression of ferritin and superoxide dismutase, malondialdehyde (MDA), and glutathione peroxidase (GSH-Px) levels, respectively.

Results: Mean age was 30.89 + 5.65 and 31.79 £ 5.06 years in early and late onset PE groups respectively. Serum uric acid and creatinine
levels of both PE groups were significantly higher than the normal pregnant females. SF levels were also higher in the participants of PE
groups. However, the mRNA and ferritin protein levels in placental tissue were significantly lower in PE groups while comparing to controls.
The cleaved caspase-3 protein, GSH-Px and MDA levels were significantly higher in both PE groups (p < 0.05).

Conclusion: The alterations in factors related to oxidative stress and cell apoptosis in placental tissue may be helpful to understand the

pathogenesis of PE and may provide potential biomarkers for the diagnosis of PE.
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Introduction

Pre-eclampsia (PE) and eclampsia are the main causes of
perinatal maternal and fetal death.! The overall incidence
of PE and eclampsia accounts for 4.6% and 1.4% of the
total pregnancies, respectively.? In some developed regions
(Eastern Mediterranean), the incidence of PE is only 1.0%,
whereas in Africa and Brazil it accounts for 5.6% to 7.5%
respectively.>® Hebei Province of China reports the incidence
of mild and severe PE as 1.38% and 4.02% respectively
based on the data of more than 30,000 cases.* The number
of perioperative deaths caused by PE accounts for 0.02% of
the total pregnancies.® In addition, the incidence of stroke,
heart failure, and diabetes in pregnant females with PE is a
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predictive notion that cannot be considered pivotal till now.®
The standard of diagnosis of PE is based on the mean systolic
and diastolic blood pressures after 20 weeks of pregnancy,
dysfunctioning of maternal organs (like kidney, liver, blood,
or brain) and/or limited fetal growth.”

Patients with PE usually show abnormal serum ferritin
(SF) levels thereby it is considered as a potential biomarker
for evaluating PE and pregnancy outcome.? Ferritin is a
macromolecular protein containing ferric ion. SF is also
closely associated with hypertension, coronary artery, or
cerebrovascular disease.’ Besides SF, there is a significant
increase in lipid peroxide in patients with PE while a decrease
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in antioxidants may indicate the correlation between
oxidative stress reactions and PE.* Furthermore, placental
cell apoptosis plays an essential role in the developing PE
indicating an imbalance of cell apoptosis.’* Caspase-3, Bcl-2,
and Bax and other cell apoptotic genes have been reported
as differentially expressed proteins in PE.}21314

Therefore, this study was designed to determine the
SF levels in maternal and fetal umbilical cord blood and
placental tissue; moreover, serum caspase-3, Bcl-2, Bax,
glutathione peroxidase (GSH-Px), superoxide dismutase
(SOD), and malondialdehyde (MDA) levels were compared
in placental tissues of PE patients and healthy pregnant
females. Furthermore, the neonatal outcomes in PE groups
and normal controls were compared.

Methods

This cross-sectional analytical study was conducted at the
Department of Obstetrics, Fujian Provincial Maternity and
Child Health Hospital, Fujian Medical University, China from
December 2017 to December 2018 after getting the approval
from the institutional ethical committee. A total of n = 120
admitted pregnant females were included after taking
written informed consent. Among them, n = 60 pregnant
females diagnosed with PE were randomized equally (n = 30)
in early-onset (gestational weeks at onset < 34 weeks) and
the late-onset PE (gestational weeks at onset > 34 weeks)
groups. Another n = 60 normal pregnant females from 28 to
36 weeks of gestation (control group) were recruited.

PE was diagnosed based on the criteria recommended
by the International Society for the Study of Hypertension
in Pregnancy including the hypertensive females with
albuminuria (>300 mg) after 20 weeks of pregnancy.*® Females
with heart disease, essential hypertension, renal diseases,
gestational diabetes mellitus, intrahepatic cholestasis of
pregnancy, multiple pregnancies, fetal malformations,
parturient or females with ruptured membranes or signs of
clinical infection, and a mode of delivery other than cesarean
section were excluded. Age, body mass index (BMI), serum
uric acid (UA), and creatinine (Cr) levels and neonatal
outcomes in both PE and normal control group were also
determined.

After overnight fasting, blood samples (3 ml blood) were
collected from each subject’s arm (8 hours after “lights-
off” for photoperiodic control). The blood samples were
centrifugated (3,000 g, 15 minutes) and then stored under
-80°C. Blood (3 ml) was extracted from the umbilical cord
vein instantly after delivery. Also, the placental tissue from
the root of umbilical cord was collected after Cesarean
section and cut into pieces of 1.0 x 1.0 x 1.0 cm under sterile
condition; infarcted and calcified areas were avoided. The
placental samples were rinsed with cold saline, wrapped with
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tin foil, and then put into 1.5 ml cryopreservation tube and
stored under -80°C. Since the subjects in the control group
were healthy pregnant females with no premature delivery,
only serum sample was used for analysis.

Reverse transcription real-time fluorescence (RT-
qPCR) analysis

The placental tissues were treated with TRIzol reagent to
extract the total RNA in the tissues. The first chain of DNA was
synthesized with RevertAid first strand cDNA synthesis kit.
QuantiNova SyBr Green polymerase chain reaction (PCR) kit was
used to perform PCR analysis. Reaction conditions consisted of
pre-denaturation at 95°C for 1 minute, denaturation at 95°C for
30seconds, annealing at 60°C for 30 seconds, and elongation at
72°Cfor30seconds, running 40 cycles. Primers for ferritin gene:
forward primer 5’- TGTACCTGCAGGCCTCCTACA -3'; reverse
primer: 5'- GACGCCTTCCAGAGCCACAT-3'; probe primer: 5'-
TACCTCTCTCTGGGCTTCTATTTCGACCGC -3'; Primers for ferritin
heavy chain (FTH) gene: forward primer 5'-AACATGCTG
AGAAACTGATGAAGCT-3' ; reverse primer 5'- GTCATCAC
AGTCTGGTTTCTTGATATC-3'; probe primer: 5'- AACCAAC
GAGGTGGCCGAATCTTCC -3'. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was selected as the internal control.
The relative expression of mRNA was calculated by the 2-44¢
and there was no unit in the plotted columns.

Colorimetric methods to determine T-SOD and MDA
levels

First, the placentaltissue was washed 3-5 timeswith erythrocyte
lysate, and then washed 3 times with phosphate buffer. Tissue
homogenate (10%) was prepared by adding saline solution
with a weight to volume ratio of 1:9. Bicinchoninic acid (BCA)
kit was used to determine protein concentration. MDA was
detected for tissue homogenate using a colorimetric assay kit,
The supernatant was collected after the tissue homogenate
was centrifuged at 4°C with 1,600 x g/minute for 10 minutes,
and absorbance was reported at 532 nm. Water soluble
tetrazolium-8 detection method was used to measure the
levels of SOD. The supernatant was collected after the tissue
homogenate was centrifuged at 4°C with 1,500 x g/minute for
5 minutes, and absorbance was recorded at 450 nm.

Western blot analysis

First, the placental tissue was washed 3-5 times with
erythrocyte lysate and then washed with phosphate buffer
for 3 times. Radioimmunoprecipitation assay buffer was used
for lysis and then it was centrifuged at 4°C for 10 minutes (at
12,000 g speed). The protein concentration was determined
with BCA protein assay kit (BiYunTian). The extracted proteins
(40 pg) of each tissue sample were transferred to the
polyvinylidene fluoride membrane (Millipore, Billerica, MA)
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after separating by sodium dodecyl sulfate polyacrylamide
gel electrophoresis (SDS PAGE). Skim milk (5%) was used to
block the membrane at 25°C for 1 hour and incubated with
primary antibody (1:1,000) overnight. After washing with
phosphate-buffered saline, 0.1% Tween (PBST), incubation of
the membrane was done at 25°C for 1 hour with secondary
antibody conjugated with horseradish peroxidase followed
by three washings. Enhanced chemiluminescence (BeyoECL
Plus, 100 ml, BiYunTian) was used to detect the protein.

TUNEL assay

Placental samples were fixed overnight with 4%
paraformaldehyde, except the samples collected from basal
plate and the decidua to avoid the contamination of maternal
cells. terminal deoxynucleotidyl transferase biotin-dUTP nick end
labeling (TUNEL) immunohistochemical analysis was performed
using TUNEL apoptotic assay kit (Roche, Cat. No. 11684795910,
US) following the manufacturer’s instructions. The sections
prepared in this experiment were washed with phosphate buffer
saline (PBS) for 3 times. The slides were incubated in Triton
X-100 solution (P0096-100 ml, BiYunTian) on ice for 2 minutes.
The labelled mixture in terminal deoxytransferase enzyme
buffer containing biotinylated deoxyuridine 5-triphosphate
(dUTP) was added to the slides and incubated at 37°C for 60
minutes with 5% CO,. The slides were washed with PBS twice.
The area around the sample was dried. According to the tissue
size, the sections were added with diamidino-2-phenylindole
(DAPI) (C1006, BiYunTian) and stood for 30 seconds. Then, the

slides were washed with PBS three times. The presence of green
fluorescence in cytoplasm was regarded as positive, while the
absence of green fluorescence was negative. Leica inverted
microscope was used in 400-fold high-power field of vision.
Three non-overlapping fields were selected for each slide. The
number of positive cells in 200 cells was counted in each field of
vision. The apoptotic rate = number of apoptotic positive cells/
total number of cells x 100%.

Statistical analysis

The data were analyzed by using Statistical Package for the
Social Sciences version 22.0 software and GraphPad Prism
Version 7.0. The continuous variables were measured
as means + SEM. Unpaired student’s t-test was used for
comparison between the two groups while two-way analysis
of variance was applied for three or more groups. p < 0.05
was set as statistically significant.

Results

This study included n = 120 participants and the mean age
was 30.89 + 5.65 and 31.79 £ 5.06 years in early and late
onset PE group, respectively. High BMI was found in both PE
groups (Table 1).

Regrading, the neonatal outcomes, body weight of
newborns belonging to both PE groups and control group
were 1.80, 2.84 and 3.57 kg respectively. Body weight and
length of neonates belonging to PE groups were significantly
smaller (Table 3).

Table 1. General information and blood pressure measurement in each groups (x + seconds).

Age Gestational Pre- BMI during Sytolic Diastolic
(vears) week pregnancy pregnancy pressure pressure MAP (mmHg)
BMI (mmHg) (mmHg)
Barlyonset | 5, | 8010+ | o5 5, 088 | 10.98+149 | 25.02+3.06 | 114.03+8.98 | 70.57+6.16 | 85.06 +5.49
control group 5.17
Early onset 30 3089 % | 3308+266 | 22.88+3.55 | 28.13+3.81 | 14781+ 18.40 | 99.67 + 15.06 | 115.72 + 15.24
PE group 5.65
Late onset 30 | 203% | 5947.071 | 21002248 | 2663+251| 117074756 | 7520+572 | 89.16 + 5.01
control group 4.79
Late onset 30 | 3M79% | 3757.124 | 264549094 | 29.02+3.90 | 138.46+1749 | 91.25 + 10.86 | 106.99 + 12.26
PE group 5.06

DP = Diastolic pressure, MAP = Mean arterial pressure.

The serum UA and Cr levels in both early and late-onset PE groups were approximately similar (p > 0.05). Though a significant variation in

24 hours proteinuria levels was seen in early-onset [1.67 (0.53-11.12)] as

Table 2. Renal function comparison between groups (x + seconds).

compared to the late-onset PE group [0.46 (0.26-7.79)] (Table 2).

Group Number of cases UA (mmol/l) Cr (mmol/l) 24 hours proteinuria (g)
Early onset PE group 30 4.59 + 1.692 57.70 + 17.27¢2 1.67 (0.53-11.12)2
Late onset PE group 302 4.02 +1.122 51.74 £ 19.832 0.46 (0.26-7.79)?
Control 30 3.36 £ 0.70 44.64 +8.12 -

@ Represents compared with control group (p < 0.05).
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Neonatal features

Table 3. Neonatal characteristics in PE and control groups.

Control group

Early onset PE group Late onset PE group

Number of cases 30 30 30
Body weight (kg) 3.57+0.4 1.80 + 0.69° 2.84 +0.47°
Body length (cm) 50.6 + 1.5 418 +4.72 478 +2.22
Gestational week at birth (weeks) 39.2+0.7 33.1+2.72 37.6 +1.22
Number ofLJNgonataI Intensive Care 1(0.03) 21 (70.0)° 8 (26.7)7
nit occupancy
Days of NICU occupancy (days) 0 16.8 + 11.92 1.86 + 1.682
Premature delivery 0 25 (83.3)2 0
Neonatal respiratory distress syndrome 0 3(0.1)2 0
Necrotizing enterocolitis 0 1(0.03)2 0
Hyperbilirubinemia 6(0.2) 1(0.03)2 1(0.03)2
Bronchopulmonary dysplasia 0 1(0.03)2 0

Levels of GSH-Px, T-SOD and MDA in placental
tissues

The mean expression levels of GSH-Px and MDA of early
onset (177.67 * 65.04 U/mgprot; 49.93 + 14.64 umol/l) and
late onset PE groups (201.57 + 55.97 U/mgprot; 45.66 *
18.93 umol/l) were higher than the control group (95.50 +
44.98 U/mgprot; 13.94 + 7.73 umol/l) (p < 0.05).

The mean expression levels of T-SOD were lower in early
onset (1.03 £ 0.24) and late onset PE group (0.91 + 0.21 units)
than the late onset control group (1.33 + 0.48 units) (p < 0.05),
and both of the PE groups did not show significant difference
for expression levels of GSH-Px, MDA, and T-SOD (Figure 2).

Cell apoptosis rate in placental tissue

The cell apoptosis rate in placental tissue in early (14.52%
+ 6.82%) and late onset PE groups (16.16% + 12.25%) was
higher than the control group (5.51% + 7.30%). However, no
difference in cell apoptosis rate was seen between the PE
groups (Figure 3).

Discussion

The present study showed higher SF levels in patients with PE
than the normal control. Ghosh et al. *® reported the similar
findings in their study. A case-control study conducted in
John Radcliffe Hospital, UK compared the serum iron status
of pre-eclamptic and normal pregnant females and reported
the higher iron, ferritin and transferrin saturation in pre-
eclamptic females while the level of unsaturated iron and
apotransferrin were significantly lower.'” Iron overload in PE
condition may be the cause of disease, and the biochemical
reaction can aggravate lipid peroxidation and endothelial
cell damage. Increased concentrations of proteins except for
ferritin in maternal serum and placental tissue during the
pregnancy may suggest the wide variation in trophoblast
specific proteins secretion mechanism.®
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In vitro, culture of PE trophoblasts shows the increased
expression and activity of reactive oxygen species (ROS)
producing enzymes that may promote the transcription
of antiangiogenic factors such as sFlt-1 and also inhibit the
Whnt/B-catenin signaling pathway resulting in trophoblast
invasion.®? It has been found that the expression of SOD
and GSH-PX in placenta of PE patients is lower as compared
with the healthy pregnant females.?’ The current study
reported the similar findings. The higher expression level of
MDA in both PE groups, indicates the damage of placental
mitochondrial membrane by high-level oxidative stress.

Regarding ferritin, about 25% is found in the form of
Fe*.22 When iron content in the body exceeds the storage
capacity, it starts to deposit in reticuloendothelial system
in combination with hemosiderin and excess Fe?* generates
hydroxyl radicals through Fenton reaction. It can lead to
oxidative stress that may cause DNA adducts, lipid damage
and cell death by initiating apoptosis.?*?¢ The present study
showed the significantly higher levels of SF in maternal and
umbilical cord blood samples in the PE groups. However,
the mRNA and ferritin levels in placental samples were
significantly lower compared with the controls.

Mitochondria, the main oxygen consuming organelle
of the cell, shows an increased expression of ferritin. The
most important function of mitochondrial ferritin (FtMt) is
the isolation of excess iron in response to oxidative stress.
FtMt can chelate iron ions, inhibit the production of ROS,
and protects the cells from oxidative stress. In addition,
intracellular ferritin consists of two different types of
24 subunits: heavy chain H-ferritin (FH) and light chain
L-ferritin.?’ Among them, FH has the activity to oxidize the
iron that catalyzes the transformation of ferrous (Fe?*) to
ferric form (Fe®), thus allowing the iron to be incorporated
into ferritin shell safely and reducing the participation of free
iron in ROS production.® The difference in protein expression
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Figure 1. This figure shows the standard curve of absolute quantitative RT-qPCR (A), mRNA expression
levels of ferritin and FTH (B&C), protein expression level of Ferritin, FTH, cleaved caspase-3, Bax, Bcl-2s,and
beta-actin (D) and the gray value analysis result of protein bands (E).

seen in the current study may suggest the regulation of FTH
at the transcription and post-transcription levels and thus
may have a certain regulatory function on the pathological
symptoms of PE.?®

Iron is the main post-transcriptional ferritin regulator and
inhibits the iron regulatory protein (IRP), iron responsive
element (IRE), and the untranslated region of ferritin H
and L interaction. Messenger RNA promotes recruitment
translation mechanism to produce more ferritin protein. In
contrast, iron chelators stimulate IRP-IRE interaction and
inhibit ferritin translation.?® Therefore, ferritin translation is
up-regulated by high iron content and vice versa.
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A higher degree of apoptosis has been reported in PE and
placenta with restricted intrauterine growth.*® The signal
pathway of apoptosis is either exogenous (death receptor) or
endogenous (mitochondrial). The apoptosis of trophoblasts
caused by oxidative stress is mainly achieved by endogenous
pathway. The mitochondrial membrane permeability and the
apoptotic proteins release are also regulated by the proteins
of Bcl-2 family. There are two categories in Bcl-2 family: anti-
apoptotic proteins (such as Bcl, XL) and pro apoptotic proteins
(such as Bax, Bak, Mcl-2, etc.). Imbalance between the pro
apoptotic (Bax, Bok, and Bak) and pro survival (Mcl-1, Bcl-2, and
bcl-211) members of the Bcl-2 protein family and lack of oxygen
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Figure 2. This figure shows the comparison of GSH-Px (A), FSOD (B) and MDA (C) levels in
placenta tissues of PE groups and late onset control groups.
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Figure 3. This figure shows DNA fragmentation (dUTP) (C, F, 1) through TUNEL (A, D, G) and DAPI (B, E, H)
by using double labeling with fluorescent indicator. The apoptosis rate is obtained by dividing the number of
TUNEL-positive cells by the total number of DAPI-labeled nuclei (J).

supply can induce apoptosis through the endogenous pathway.*°
Hypoxia has been shown to increase the Bax expression and
decreases the Bcl-2 expression in human trophoblastic cells.?!
Can et al.* found the increased apoptosis index of villous
trophoblasts in PE patients. The present study also confirms the
difference in expression of cleaved caspase-3, Bax and other
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related apoptosis proteins in subjects of PE and control groups
at the same time. By comparing the content of ferritin and other
related proteins between the PE and the control group, this
study hopes to provide some valuable reference information
for the further studies regarding pathogenesis of PE with some
theoretical support for the prevention of PE in clinical settings.
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Conclusion

SF levels and expression of markers of oxidative stress and
cell apoptosis in blood and placental tissue of pregnant
females may be considered as potential biomarkers for the
diagnosis of PE. Further exploration of the link between
oxidative stress, apoptosis and development of PE may be
helpful in understanding the precise pathogenesis.

Limitations of the study

This study did not consider other maternal factors that may play
their role in the development and progression of PE. Determination
of SF levels at different stages of placental development could have
been carried out.
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