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ABSTRACT

Background: Preeclampsia (PE) affects approximately 3% of all pregnancies, and it
is still a major cause of the adverse perinatal outcome. PE is a multisystem disease
characterized by the development of hypertension and proteinuria. Although PE
etiology is not fully known, the placenta seems to play a central role in the
development of the disease. The inadequate placentation process results in a change
in angiogenic factors levels, such as the soluble form of vascular endothelial growth
factor receptor type 1 (sFlt-1) and placental growth factor (PLGF).
Objectives: To investigate the correlation between serum PLGF with soluble sFLT-1
in preeclamptic women at their third trimester.
Methods: A case-control study was carried out from August 2018 till January 2019.
In this study, pregnant women were collected from the Al-Elweyia, Al-Hakeem, and
Al-Imamain Alkadhimain medical city. The practical part was conducted at the
College of Medicine, Al-Nahrain University. The patient group includes 50
preeclamptic women in the third trimester (25 mild and 25 severe). Fifty healthy
pregnant women (at their third trimester of gestation) were selected as control.
Patients and control were compared for age, serum PLGF, and Sflt-1.
Results: Serum PLGF levels were decreased significantly among women who
developed PE (2.14±0.029 pg/ml, 2.44±0.038 pg/ml vs. 2.68±0.017 pg/ml; p<0.05)
severe PE, Mild PE, and the control group respectively, while, serum sFlt1 levels
were increased significantly (p<0.05) between the groups of PE, (5.81±0.025,
5.51±0.024, 5.19±0.017 pg/ml) severe, mild and control, respectively.
Conclusions: Serum sFlt-1 and PLGF can be considered promising biomarkers for
the preeclampsia. sFlt-1 and PLGF the ROC cut-offs (5.67 ng/ml, 2.09 ng/ml,
respectively), the specificity and sensitivity of serum PLGF is more than that of
serum sFlt-1, for the diagnosis of preeclampsia during the third trimester of
pregnancy.
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INTRODUCTION

Preeclampsia (PE), which affects 2–3% of pregnancies and is a major cause of maternal
and perinatal morbidity and mortality, is thought to be the consequence of an imbalance
in angiogenic and anti-angiogenic proteins. Several studies have reported that maternal
serum levels of placental growth factor (PLGF) are reduced and those of soluble fms-like
tyrosine kinase-1 (sFlt-1) are increased in women with PE. There is also evidence that the
level of these proteins is altered before the onset of the clinical signs of the disease. However,
a meta-analysis of such studies concluded that the test accuracies of serum PLGF and sFlt-1
before 30 weeks’ gestation are too poor for accurate prediction of PE in clinical practice.1

Preeclampsia is associated with an altered maternal pattern of circulating placentally
derived proteins regulating angiogenesis such as sFlt-1 (soluble fms-like tyrosine kinase 1)
and PLGF (placental growth factor).2

Placental Growth Factor (PLGF) is a member of the vascular endothelial growth factor
(VEGF) family and is predominantly expressed in the placenta, although it is also expressed
at low levels in many other tissues, including the heart, lung, thyroid, liver, skeletal mus-
cle and bone. The human PLGF gene is located on chromosome 14q14 and encodes four
isoforms of PLGF.3

Soluble fms-like tyrosine kinase-1 (sFlt-1) is a tyrosine kinase protein with anti-
angiogenic properties. A non-membrane associated splice variant of VEGF receptor 1
(Flt-1), sFlt-1 binds the angiogenic factors VEGF (vascular endothelial growth factor) and
PLGF (placental growth factor), reducing blood vessel growth through reduction of free
VEGF and PLGF concentrations. In humans, sFlt-1 is important in the regulation of blood
vessel formation in diverse tissues, including the kidneys, cornea, and uterus. Abnormally
high levels of sFlt-1 have been implicated in the pathogenesis of preeclampsia.4

Serum PLGF is found to be decreased in women both at the time of diagnosis with
preeclampsia and well in advance of syndrome onset. The deficiency in PLGF is likely due
to a combination of decreased expression of PLGF and reduced free PLGF due to binding
with sFLT-1, which is elevated in affected women. In early pregnancy, PLGF concentra-
tions are lower in women who subsequently develop preeclampsia than in normal pregnant
women, but sFLT-1 levels are no different, suggesting that PLGF expression in the placenta
is decreased. However, towards completion of pregnancy, there is a reciprocal relationship
between sFLT-1 and PLGF with rising levels of total (free and bound to VEGF or PLGF)
sFLT-1 and lower free PLGF levels. This suggests that in the latter half of pregnancy, low
PLGF concentrations occur predominantly due to the sequestering of PLGF by sFLT-1.5

MATERIALS AND METHODS
Study design and participants

Acase-control studywas conducted. Thepatient groups include 50 preeclampsiawomen
in the third trimester (25 mild, 25 severe). Fifty healthy pregnant women (at their third
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trimester of gestational) of sixmonths fromAugust 2018 till January 2019. Pregnant women
included in this study were collected from the Al-Elweyia, Al-Hakeem, and Al- Imamain
AlkadhimainMedical City. The practical work was conducted at the Department of Chem-
istry and Biochemistry, College ofMedicine, Al-Nahrain University, and at the Department
of Anatomy/ Histology and Embryology. This research was approved by the Institutional
Review Board (IRB) of College of Medicine, Al-Nahrain University; before participation,
all women were given an idea about the study, and their written informed consent was
taken. All pregnant women included in this study were in the third trimester. Chronic
hypertension, gestational hypertension, renal and liver diseases, diabetes mellitus, smok-
ers, fetal structural anomalies, multiple pregnancies, intrauterine fetal growth restriction
from other causes, heart failure, inflammatory disorders, elderly pregnant, infectious dis-
ease, endocrine disease, HELLP syndrome, and collagen vascular disease were excluded
from this study.

Blood sampling and biochemical analyses

Samples collection blood samples were obtained from pregnant women in third-
trimester pregnancy drawn. Five milliliters (ml) of venous blood were withdrawn from all
pregnant women using disposable syringes in the sitting position. The blood is discharged
slowly into plain disposable test tubes without anticoagulant. The blood was allowed to
clot at 37 °C for 10-15 minutes and then centrifuged at 1000xg for 15 minutes. The serum
stored in Eppendorf tubes at -80°C until analysis of sFlt-1, and PLGF concentrations.

Statistical analysis

Data were analyzed by statistical packages of SPSS 18.5 (statistical packages for social
sciences-version 18.5). All data were presented as a mean±SE. Statistical differences
between the data of patients and control groups were determined according to the student
t-test. P values of less than 0.05 were statistically significant.

RESULTS

Table 1 illustrates the age of preeclampsia patients and control groups analyzed by using
one way ANOVA test. The mean ± SE of maternal age for the pregnant control group and
patients groups (mild and severe preeclampsia) were 29.28±1.08 years, 29.84±1.70 years,
and 29.85±1.27, respectively. No significant difference (P<0.05) was found among all study
groups.
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Table 1 The comparison of age between the control pregnant group and patients (mild and severe
preeclampsia) groups at third trimester.

Type Control Mild PE Severe PE P -value
Age (year) 29.28±1.08 29.84±1.70 29.85±1.27 0.931

Themean± standard error of the mean of serum PLGF for control pregnant group and
patients groups (mild and severe preeclampsia) at third trimester were 2.68±0.017 pg/ml,
2.44±0.038 pg/ml, and 2.14±0.029 pg/ml, respectively.

Regarding serum PLGF, there was a significant difference (p= 0.047) between patients
group (mild and severe) versus control group, (p=0.048) mild preeclamptic group ver-
sus control pregnant group, (p=0.006) severe preeclamptic group versus control pregnant
group and (p= 0.047)mild preeclamptic group versus severe preeclamptic group in the third
trimester at delivery respectively (Table2)

Themean± standard error of themean of serum SFLT-1 for control pregnant group and
patients groups (mild and severe preeclampsia) at third trimester following delivery were
5.19±0.017 pg/ml, 5.51±0.024 pg/ml, 5.81±0.025 pg/ml, respectively.

There were significant differences in the mean of SFLT-1 between patients groups (mild
and severe preeclampsia) against the control group,mild preeclamptic group against control
pregnant group, severe preeclamptic group against control group, severe preeclamptic group
against the mild group in the third trimester of pregnancy (p = 0.042, 0.032, 0.027, 0.043)
respectively (Table 2).

Table 2 Serum placental growth factor (PLGF) and serum SFLT-1 levels in control and preeclampsia
patients groups .

Mean± SEM P value
(between
all groups)

Control
vs.
Mild

Control
vs.
Severe

Mild
vs.
Severe

Serum PLGF
(pg/ml)

Control 2.68±0.017

Mild 2.44±0.038 0.047 0.048 0.006 0.047
Severe 2.14±0.029

Serum sFlt-1
(pg/ml)

Control 5.19±0.017

Mild 5.51±0.024 0.042 0.032 0.027 0.043
Severe 5.81±0.025

Receiver operating characteristic curve (ROC) analyses of serum placental growth fac-
tor PLGF demonstrated the ability of this marker to differentiate preeclamptic from normal
pregnancies (Figure 1). In this figure, the cut-off value = 2 pg / ml optimally identified the
patients with preeclampsia; at this cut-off value, the sensitivity was 57%, and specificity was
65%, and the area under the curve (AUC) was 0.608. The ROC analyses of serum soluble
fms-like tyrosine kinase (SFLT-1) (Figure 2) demonstrated the ability of this marker to dif-
ferentiate preeclamptic from normal pregnancies (Figure 2). In this figure, the cut-off value

Baghdad Journal of Biochemistry and Applied Biological Sciences, 1(01) | 2020 | https://doi.org/10.47419/bjbabs.v1i01.30 44

https://doi.org/10.47419/bjbabs.v1i01.30


Nesreen A., Nasser; et al. Serum placental growth factor and soluble fms-like tyrosine kinase-1 in preeclamptic women at their third
trimester of pregnancy

= 5.58 pg / ml optimally identified the patients with preeclampsia; at this cut-off value, the
sensitivity was 53 %, and specificity was 57.5 %, and the area under the curve (AUC) was
0.544.

Figure 1 Receiver operating characteristic curve (ROC) analysis of PLGF

DISCUSSION

The present study showed increases in the levels of serum soluble fms-like tyrosine
kinase-1 in preeclampsia (mild and severe) compared with the pregnant control group in
the third trimester. The sflt-1 concentration is higher in the severe preeclamptic group in
comparison with the mild preeclamptic group in the third trimester. Similar results were
reported by many studies like Tsiakkas et. al., study.6

As the elevated serum levels of sFlt-1 modify the endothelial integrity of blood ves-
sels, hence causing hepatic edema as well as hypertension and proteinuria encountered
in preeclamptic patients. Also, blood-brain–barrier damage may occur, leading to brain
edema. This aberrant angiogenesis and hypertension are the hallmarks of preeclampsia.7

Rizos et. al., confirmed that increased serum sFlt-1 levels early in pregnancy are associ-
ated with a higher risk of preeclampsia.8

The present study showed a decrease in the mean serum levels of PLGF in preeclamptic
women in the third trimester as compared to the control pregnant women group; many
studies like (Radulescu et al., 2016) reported similar results.9
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Figure 2 Receiver operating characteristic curve (ROC) analysis of Sflt-1.

Rizos et. al., confirmed decreased serum PLGF levels early in pregnancy are associated
with a higher risk of preeclampsia.8

The connection between circulating sFlt-1 and PLGF in preeclampsia was explored by
previous studies suggesting that up-regulation of the anti-angiogenic sFlt-1 in preeclampsia
leads to binding of the angiogenic factor PLGF, with a consequent decrease in circulating
free PLGF levels.10 In this respect, sFlt-1 and PLGF seem to be important etiological factors
in preeclampsia’s pathogenesis.7

CONCLUSION

Soluble fms-like tyrosine-1 and PLGF levels changes in the third trimester during preg-
nancy; stress period, which reflect an association with its role in the pathogenesis of PE. So,
the anti-angiogenic factors mentioned above could be used as biomarkers for disease pro-
gression & impact on the outcome of pregnancy. Serum sFLT-1 levels of these markers in
the third trimester were significantly correlated with the severity of preeclampsia in which
they increased in the severe preeclampsia group compared to the serum concentration of
both mild preeclampsia group and normal pregnant women group.
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