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The correlation between malondialdehyde
concentration and FOXO3 and CASP3
MRNA expression changed in early-onset
preeclampsia placenta
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ABSTRACT

Background: Preeclampsia is one of the factors causing the high maternal mortality rate. The risk of morbidity
and mortality is higher in Early Onset Preeclampsia (EOPE). Failure of spiral artery remodeling can cause oxidative
stress that can inhibit placental development and increase trophoblast apoptosis.

Objective: This study aims to analyze the oxidative stress and apoptosis of EOPE placentas.

Methods: This study is an observational study with a cross-sectional design. A total of 31 EOPE placentas and
31 normal term placentas were used to measure the concentration of malondialdehyde (MDA) and the relative
mRNA expression of FOX03 and CASP3 using the spectrophotometric and RT-qPCR methods.

Results: There was no difference in MDA concentration (p = 0.580) and FOX03 (p = 0.467) and CASP3 (p = 0.243)
mRNA expression in the normal and EOPE groups. There was a strong positive correlation between FOX03 and
CASP3 mRNA expression in the normal (p= 0.0001; r = 0.938) and EOPE groups (p = 0.0001; r = 0.855). There
was no correlation between MDA concentration to FOX03 (p = 0.124; r = 0.282) and CASP3 (p = 0.569; r = 0.106)
mRNA expression in normal placenta. There was positive correlation between MDA concentration to FOX03 (p =
0.016; r = 0.429) and CASP3 mRNA expression in EOPE placenta (p = 0.028; r = 0.395).

Conclusion: These results indicate that cell integrity is still maintained through the autophagy process and the
level of apoptosis in EOPE placenta is regulated by ROS through FOX03.
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Introduction Preeclampsia is characterized by hypertension

with or without proteinuria at about 20 weeks of
gestation. This disorder can progress to eclampsia,
causing hemolysis, elevated liver enzymes, and low
platelet count (HELLP) syndrome [4]. Early-onset
preeclampsia (EOPE) is a type of preeclampsia

The hypertensive disorder is one of the pregnant
women’s problems that causes the mortality of
mothers and babies [1]. According to WHO, one of the
causes is preeclampsia. In 2017, the maternal mortality
rate in developed countries reached 11/100000 live

births, while in developing countries, it was higher,
at 462/10000000 [2]. In addition, the International
Federation of Gynecology and Obstetrics (FIGO)
states that every year there are 76000 women and
500000 babies die from preeclampsia [3].
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that appears before 34 weeks. EOPE provides a
higher risk of morbidity and mortality than late-
onset preeclampsia (LOPE) [5].

Hypoxia affects placental development. In
early pregnancy, physiological hypoxia occurs
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to support the remodeling of the spiral arteries
that increase the diameter of the blood vessels,
forming oxygen-rich blood flow from the mother
to the fetus [5]. Although the pathogenesis of
EOPE is unclear, it is believed that failure of spiral
artery remodeling causes continued hypoxia and
contributes to increased placental trophoblast
apoptosis [1,5,6]. Hypoxia is generally accompanied
by an increase in ROS synthesis. High ROS cause
oxidative stress and cell damage by affecting various
macromolecules, such as lipid [7-9]. In the presence
of ROS, polyunsaturated fatty acids can undergo
peroxidation and initiate the formation of lipid
adducts. Malondialdehyde (MDA) is a secondary
product of lipid peroxidation. It is commonly used
as a surrogate marker for oxidative stress [10].

Several studies have tested the MDA parameters
in the placenta. Sahay et al. showed that MDA
levels in preeclamptic placentas were higher than
normal placentas, implying that ROS increase in
the preeclamptic placenta [11]. In contrast, Prijanti
et al. showed that the MDA levels of preeclamptic
placentas were lower than those of the normal
placenta [12]. Nonetheless, both studies were
conducted on preeclamptic placentas. In this
study, we wanted to focus on EOPE placentas.

Placental development is affected by autophagy.
Several factors that cause autophagy have been
identified, such as nutritional deficiencies, hypoxia,
and oxidative stress. The mechanism of autophagy
can lead to apoptosis [13,14]. In preeclampsia,
placental trophoblast apoptosis is increased.
Caspase-3 (encoded by CASP3), an executor of
apoptosis, acts as a protease effector regulated
by Forkhead Box 03 (FOXO03) [14,15]. Previous
studies have shown that hypoxia-induced HTR8/
SVneo cells have increased apoptosis associated
with nuclear FOX03 [6]. However, the relationship
between FOXO3 and CASP3 is not yet known in
EOPE placentas.

This study aims to determine the oxidative stress
and apoptosis in EOPE placentas by measuring,
comparing, and correlating the MDA concentrations
and the relative expression of FOX03 and CASP3
mRNA in normal and EOPE placentas.

Methodology

This study is an observational study with a
cross-sectional design. A total of 62 placental
tissues used in this study were 62 stored biological
material obtained from each 31 pregnant women
with normal pregnancies and pregnant women
with EOPE syndrome at Cipto Mangunkusumo
Hospital and Budi Kemuliaan Hospital, Jakarta.
The normal group samples were obtained from
pregnant women with normotensive blood pressure
at gestational age = 37 weeks, while the EOPE
group sample was obtained from pregnant women
with preeclampsia syndrome and normotensive
antenatal blood pressure before experiencing
preeclampsia. These tissues were taken at < 34
weeks’ gestation. The samples were stored at -80°C.
This research was conducted at the Laboratory
of Biochemistry and Molecular Biology, Faculty of
Medicine, Universitas Indonesia, and the Laboratory
of Molecular Biology and Proteomic Core Facilities
at Indonesian Medical Education and Research
Institute (IMERI) Universitas Indonesia (UI).

MDA level measurement

One hundred milligrams of placental tissue
was homogenated using 1 mL of 0.05 M PBS pH
7.4. The homogenate was centrifuged at 5000
rpm for 10 minutes, and the supernatant formed
was taken. MDA was measured using the Wills
method by adding 200 pL of 20% trichloroacetate
(TCA). The sample was then centrifuged. Then
400 uL of 0.67% thiobarbituric acid (TBA) was
added to the supernatant, and the sample was
heated at 96°C for 10 minutes. The sample was
allowed to cool at room temperature, and the
absorbance was measured at 530 nm.

Relative FOXO3 and CASP3 mRNA expression
measurement

RNA preparation and isolation were carried
out according to the Quick-RNATM Miniprep Plus
Kit R1058 procedure from ZYMO Research. RNA
concentration and purity were measured using
pudrops at 260 nm and 280 nm. We used 0.1
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Figure 1. The MDA level and relative expression of FOXO3 and CAPS3. (a) The comparison of MDA concentration in normal
and EOPE groups (p = 0.580). (b) The relative FOXO3 mRNA expression in normal and EOPE groups (p = 0.467). (c) The relative
CASP3 mRNA expression in normal and EOPE groups (p = 0.243).

g of RNA sample, BIO-72005 SensiFAST SYBR
No-ROX One-Step Kit from Meridian Bioscience,
and primers (Table 1) to measure the relative
expression of FOX03, CASP3, and 18S rRNA mRNAs.
The annealing temperature for the 18S rRNA,
FOXO03, and CASP3 genes was 502C. The relative
mRNA expression was carried out using the Livak
method according to the CT values.

Table 1. Forward and reverse primers.

Gene Primer

F : CACGGACAGGATTGACAGATT

18S rRNA

R : GCCAGAGTCTCGTTCGTTATC

F : GCAGACCATCCAAGAGAACA
FOX03

R : GCTAAGTGAGTCCGAAGTGAG

F : CTTGGCGAAATTCAAAGGATGG
CASP3

R : CCCGGGTAAGAATGTGCATAA

Data analysis

We used SPSS version 23 software to perform
statistical tests and Graphpad Prism 8 to made the
graph. First, the normal distribution and homogeneity
test were carried out, then proceed to the independent
sample t-test to see the differences of each parameter
in the EOPE and normal groups. The correlation
between MDA and FOXO3 and CASP3 was tested
using the Spearman’s rho correlation test, while

the correlation between FOX03 and CASP3 mRNA
expressions was tested using the Pearson correlation
test. The normally distributed data are shown in
mean * SD with p < 0.05 indicating a significant
difference.

Results

MDA is a marker of oxidative stress. To
determine the presence of oxidative stress in
EOPE placentas, we tested MDA concentrations in
normal and EOPE placental samples. Independent
sample t-test results showed that the average
concentration of MDA in the normal group
was 1.257 * 1.260 nmol/mg protein, while the
EOPE group was 1.381 + 1,630 nmol/mg protein
(p = 0.580) (Figure 1A).

To determine the extent of apoptosis occurring
in EOPE placentas, we measured CASP3 mRNA
expression. As a link between oxidative stress
and apoptosis, we chose to assay FOX03 mRNA
expression because FOXO3 is a regulator of oxidative
stress and is involved in the mechanism of apoptosis.
The expression of FOX03 mRNA in the normal
group was 1.705 * 1.520 and in the EOPE group
was 1.783 = 1.027 (p = 0.467) (Figure 1B). As
for CASP3, the mRNA expression in the normal
group was 1.782 * 1.780) and in the EOPE group,
it was 2.180 = 1.732 (p = 0.243) (Figure 1C). The
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statistical test results for FOXO3 and CASP3 also
showed no significant results (p<0.05).

The relationship between oxidative stress and
apoptosis in the EOPE placenta was tested using
Spearman’s rho correlation test. We tested the
correlation between the parameters. FOXO3 and
CASP3 mRNA expression had a strong positive
correlation in both the normal group (p < 0.05)
and the EOPE group (p < 0.05) (Figure 2A-B). The
MDA concentration and FOX03 mRNA expression
did not correlate in normal placentas (p > 0.05)
(Figure 2C), nor did the correlation of MDA and
CASP3 (Figure 2E). Meanwhile, in the EOPE placenta,
FOXO03 and CASP3 mRNA expressions both showed
a positive correlation to MDA concentration (p <
0.05) (Figure 2D and 2F).

Discussion

The placenta is the primary tissue that connects
the mother and the fetus. Its vascular system is
used to transport the nutrients, gases, and various
waste materials that support fetal growth and
development. This system is formed through
the spiral artery remodeling that occurs early
in pregnancy [16,17]. Failure in the spiral artery
remodeling can lead to vascular dysfunction [18].
Narrow blood vessels initiate hypoperfusion, hypoxia,
and trigger ROS synthesis, which leads to oxidative
stress [19]. Although there is no definite theory
regarding the pathogenesis of preeclampsia, it is
believed that vascular dysfunction is one of the
factors that cause preeclampsia [18].

Increased levels of MDA can be used as a marker
of oxidative stress [10]. Although oxidative stress
is often associated with preeclampsia, we did not
find any difference in MDA concentrations in EOPE
and normal placentas (p>0.05) in this study. This
result differs from Sahay et al, which showed
higher MDA levels in preeclamptic placental samples
[11]. Likewise, Huang et al. used a rat model of
preeclampsia and showed an increase in serum
MDA concentrations compared to control rats.
It is caused by high ROS synthesis due to active
metabolism in mitochondria [18]. The opposite
result is shown by Prijanti et al. that showed a

decrease of MDA levels in preeclampsia placental
samples [12].

The synthesis of ROS can be inhibited through
antioxidant mechanisms [10]. One of the proteins
that play a role in this process is hypoxia-inducible
factor-1a (HIF-1a) [20]. We also tested HIF-1a
concentrations in both sample groups (data in
progress to publish). The much higher concentration
of HIF-1a in EOPE placentas may be the reason
for the absence of an increase in MDA in EOPE
placentas. In addition to HIF-1a, FOXO3 also
increases the expression of antioxidant enzymes
[21]. There was no difference in MDA concentration
in the two groups in this study, indicating that
in the EOPE placenta, antioxidants were still able
to overcome the ROS formed. It seems aimed to
preserve vascular function.

The spiral artery remodeling is supported
by autophagy, a catabolic process that degrades
cell components to maintain cell homeostasis.
Autophagy in stressful conditions such as hypoxia
and oxidative stress can lead to two possibilities,
cell survival or cell death [22]. FOX03 is a member
of the FOXO family that plays a role in regulating
autophagy and apoptosis. The disturbances in basal
autophagy can inhibit the degradation of FOXO3.
Consequently, FOXO3 activates autophagy-related
genes so that autophagy can continue their process.
However, if this process fails, FOX03 will inhibit
the expression of antiapoptotic proteins such as
Bcl-2 and activate apoptosis-related genes such as
Bcl-2-like protein 11 (BIM) and Bcl2-associated
X protein (BAX) [21,23].

Apoptosis is programmed cell death [24].
Apoptosis during pregnancy aims to assist in
differentiation, fusion, and trophoblast degeneration
[25]. The balance between pro-apoptotic proteins
such as caspase 3 and antiapoptotic proteins such
as Bcl2 can help to establish a proper spiral artery
remodeling process [26]. Excessive apoptosis can
cause endothelial cell dysfunction. In some studies,
there was a higher rate of apoptosis in preeclamptic
placentas than in normal placentas [25,26].

To confirm the apoptosis in EOPE placentas, we
tested the FOXO3 and CASP3 mRNA expression.
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Figure 2. The correlation of MDA, FOXO, CASP3 in normal and EOPE groups. (A) The correlation of FOXO3 and CASP3 in
normal group (p = 0.0001; r = 0.938). (B) The correlation of FOXO3 and CASP3 in EOPE group (p = 0.0001; r = 0.855). (C) The
correlation of MDA and FOXO03 in normal group (p = 0.124; r = 0.282). (D) The correlation of MDA and FOXO3 in EOPE group
(p = 0.016; r = 0.429). (E) The correlation of MDA and CASP3 in normal group (p = 0.569; r = 0.106). (F) The correlation of
MDA and CASP3 in EOPE group (p = 0.028; r = 0.395).
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The statistical test results showed no differences
in the FOXO3 and CASP3 mRNA expressions in
both groups. The results of this study are different
from Zhang et al. They used the preeclamptic
placenta and HTR8/SVneo cells with high HIF-
la and found an increase in FOXO3 expression
and trophoblast apoptosis. It is thought to be a
factor in the occurrence of preeclampsia [6]. As a
downstream in the apoptotic stage, caspase 3 acts
as an apoptotic executor. There was no difference
in CASP3 expression in the two groups (Figure
1C). It was in line with FOXO3 mRNA expression
and can be seen from the correlation test that
showed a strong positive correlation in both groups
(Figure 2A-B). It is due to the role of FOX03 as a
transcription factor that regulate CASP3 expression
[15]. This result is different from Cali et al's and
Pramatirta et al’s studies. They showed a significant
increase in caspase 3 in preeclamptic placentas
and preeclampsia-serum-induced trophoblast cells
[26,27]. On the other hand, Kadyrov et al. and
Stepan et al. showed a decrease in apoptosis in
preeclamptic placentas. Stepan et al. suspected
there is a change from apoptosis to necrosis in
preeclampsia that leads to decreased apoptosis. This
process is associated with a hypoxic state. Chronic
hypoxia in preeclampsia is well tolerated and has
been suggested to cause decreased trophoblast
apoptosis [28]. The absence of differences in the
FOX03 and CASP3 mRNA expression in EOPE
and normal placentas indicated no increase in
apoptosis in EOPE placentas. We suspect this
process involves a hypoxic state. Hypoxia can be
regulated by FOX03 via autophagy homeostasis.
The complex formation between FOXO03, HIF1,
and p300 can inhibit the transcriptional activity
of HIF1 in the genes involved in apoptosis [21].

To investigate the association between oxidative
stress and apoptosis in EOPE placentas, we tested
the correlation of MDA with FOXO3 and CASP3
mRNA expression. There is no correlation between
MDA with FOX03 and CASP3 in the normal group. It
indicates that in the normal placenta, the expression
of FOX03 and CASP3 was not affected by ROS. In
normal pregnancy, ROS is involved in angiogenesis
[29]. In contrast, the correlation between MDA

and FOXO03 in EOPE placentas was moderately
positive, while it was weak in the correlation
between MDA and CASP3. It indicates that in EOPE
placentas, the expression of FOX03 and CASP3
was affected by ROS. High ROS cause endothelial
dysfunction through deleterious effects [29].

Although there were no differences in MDA,
FOX03, and CASP3 in this study, the correlation
of MDA with FOX03 and CASP3 became new
findings to better understand the relationship
between oxidative stress and apoptosis, especially
in EOPE placental. Shaker et al. proved that in
preeclamptic placentas, high concentrations of
MDA and an increase in apoptosis due to oxidative
damage were found. Nevertheless, there was no
correlation between MDA and caspase 9 as an
initiator of apoptosis in the tested preeclamptic
placentas [30].

Apoptosis occurs gradually. Initially, there is an
initiation process in which the cell receives the
death signal, mitochondrial decision, and caspase
activation. It continued to cleave protein and DNA
fragmentation. As a caspase initiator, activation of
caspase 9 can lead to activation of caspase 3, an
effector caspase [30]. Unlike Shaker et al’s study
that analyzed caspase 9, in this study, caspase
3 expressions in placental EOPE was positively
correlated to MDA. It suggests that oxidative stress
is involved in the regulation of apoptosis. Shaker
et al. also showed a positive relationship between
gestational age and preeclampsia placental MDA
levels [30]. The correlation between MDA with
FOX03 and CASP3 in EOPE placentas without
differences in their expression compared to normal
placentas may also be influenced by the gestational
age and pathogenesis of EOPE.

Conclusion

There was no difference in MDA concentration
and mRNA expression of FOX03 and CASP3 in
normal and EOPE placentas, but there was a strong
positive correlation between FOX03 and CASP3 in
both groups and a positive correlation between
MDA and FOXO03 and CASP3 in EOPE placenta.
The results obtained in this study may indicate
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that cell integrity is still maintained through the
autophagy process, and the level of apoptosis in
the EOPE placenta is regulated by ROS through
FOXO03.
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