Int. J. of Health Serv. Res. and Policy (2020) 5(3):206-214 https://doi.org/10.33457/ijhsrp.766837

——

V International Journal of Health Services ° "
s Research and Policy . v
www.dergipark.org.tr/ijhsrp & N :
INTERNATIONAL '

ENGINEERING
SCIENCE AND e-1SSN: 2602-3482 IJHSRP
EDUCATION GROUP

Research Article

INVESTIGATION OF SFLT-1 AND VEGF EXPRESSION IN NORMOTENSIVE AND
PREECLAMPTIC PLACENTA. AN IMMUNOHISTOCHEMICAL STUDY

Firat Sahin*® Murat Akkus'® Ugur Seker"®* Sevda Soker® Ebru Gokalp Ozkorkmaz'®
Elif Agacayak®® Firat Asir'®

! Department of Histology and Embryology, Faculty of Medicine, Dicle University, Diyarbakir, Turkey.
2 Department of Obstetrics and Gynecology, Faculty of Medicine, Dicle University, Diyarbakir, Turkey.

* Corresponding author: seker.ugur.tr@gmail.com

Abstract: The pathogenesis of preeclampsia is still not clear, but endothelial dysfunction is believed
to be one of the most encountered problems during placenta development in preeclamptic patients.
Both vascular endothelial growth factor (VEGF) and its antagonist, soluble Fms-Like tyrosine kinase-
1 (sFlt-1), have roles in vascular function. In this study, we have investigated the
immunohistochemical expression of VEGF and sFlt-1 in term placenta of normotensive and
preeclampsia patients. A total of twenty term placentas were obtained from pregnant women, of whom
10 were preeclampsia patients and 10 were normotensive patients. Placentas were dissected and
tissue samples were subjected to routine tissue processing protocol, and then embedded in paraffin
blocks. Serial sections were obtained from paraffin blocks and stained with H&E and PAS for routine
histopathology. VEGF and sFlt-1 immunohistochemistry was performed on the sections. When
compared to the control group, severe pathological changes were observed in preeclamptic placentas.
An increase in the number of syncytial knots and intervillous bridges, hemorrhage in interstitium,
dilatation, and congestion in villous capillaries, increase in fibrin accumulation in villous stroma, and
increase in thickening of the basement membrane were very clear. VEGF expression was significantly
higher in normotensive placenta compared to the preeclamptic placenta. On the other hand, sFlt-1
expression was significantly increased in preeclamptic placenta villous capillary endothelial cells.
When the VEGF and sFIt-1 expression is considered, a higher expression of sFlt-1 at preeclampsia,
but a decrease in VEGF expression might be related to endothelial dysfunction in preeclampsia.
Overall, this study demonstrates that the imbalance between VEGF and sFlt-1 is one of the major

reasons for endothelial dysfunction in the preeclamptic placenta.
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1. Introduction

Although some improvements have been made in its diagnosis and treatment, preeclampsia is
still one of the most common causes of maternal and fetal morbidity and mortality in the whole world
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[1]. Each year, in developing countries, more than 60,000 mothers die due to preeclampsia-related
complications [2]. Preeclampsia is a clinical syndrome that arises after the 20th week of gestation with
clinical complications such as hypertension and proteinuria [3]. Fetal complications of preeclampsia
can be listed as low birth weight, intrauterine growth restriction (IUGR), preterm birth, and fetal death.
On the other hand, maternal complications can be listed as renal failure, HELLP (hemolysis, elevated
liver enzyme levels, and low platelet levels) syndrome, liver failure, cerebral edema, and maternal
death. Also, some evidence indicates that preeclampsia may be predisposed by various metabolic
diseases [4, 5]. Therefore, understanding the pathogenesis of preeclampsia will provide advantages in
early diagnosis and treatment thereof. Until today, numerous studies have investigated the
pathogenesis of preeclampsia, but the reasons underlying this syndrome haven't been clearly
understood yet. The common belief is that there exist morphologic and functional defects in
preeclamptic placentas. One of the most commonly revealed hypotheses is the incompleteness of
placental angiogenesis and development which is believed to be resulting from endothelial dysfunction
[6]. Appropriate placenta development is dependent on vasculogenesis processed with a sensitive
balance between pro-and anti-angiogenic factors. Recent studies demonstrate that an imbalance of the
volume of pro-and anti-angiogenic proteins in circulation leads to endothelial dysfunction in
preeclampsia. Pro-angiogenic, vascular endothelial growth factor (VEGF) and anti-angiogenic, soluble
fms-like tyrosine kinase-1 (sFlt-1), the two leading factors in angiogenesis, are believed to play a role
in the mitosis of placental endothelial cells. According to this information, the imbalance between
VEGF and sFlt-1 is believed to be one of the reasons for preeclamptic endothelial dysfunction.
However, there is a conflict among previous studies in correlating the expression level of VEGF and
sFIt-1 in preeclamptic endothelial dysfunction [7, 8].  For that reason, in this study, we aimed to
investigate VEGF and sFlt-1 expression in preeclamptic and normotensive placenta in a comparative
manner.

2. Materials and Methods

2.1. Study Design

The ethical permission for the study was received from the ethics committee of Dicle
University Faculty of Medicine. A total of twenty term placentas, of which 10 were preeclamptic and
10 were normotensive, were obtained from the obstetrics clinic of Dicle University Hospital. The
demographics of women whose placentas were used in this study are shown in Table-1. Term
placentas were fixed in 10% formalin and brought to the laboratory. Total placentas were dissected
into small pieces and kept in fixation for 36 hours. Routine histological tissue processing protocol was
performed and samples were embedded into paraffin. Serial sections of 5-um thickness were obtained
with a rotary microtome. Some of the sections from each placenta were stained with H&E for
histopathological examination. Also, VEGF and sFIt-1 immunohistochemistry was performed on the
sections.
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Table 1. Demographics of normotensive and preeclampsia mothers are included in this study. Values
were expressed as mean+SD.

Normotensive Preeclampsia
(n=10) (n=10)

Age 28.94+3.5 31.4+5.1
Gravida 4.8+2.4 44+2.9
Parity 3.2+1.2 1.8+3.4
Mean systolic pressure (mmHQ) 107.1+£8.2 115+4.2
Mean diastolic pressure (mmHQ) 70+4.1 76+6.8
Birth weight (g) 2710+420 2668+210.8
Hemoglobin (g/dl) 10.4+1.2 12+1.4
Hematocrit (%) 32.7+4.2 34.1£2.1
Platelet x103 /uLL 270.2+72.3 250.3+69.1

Ethical Statement: All procedures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or comparable ethical standards. This study is
approved by the Dicle University Faculty of Medicine Ethics Committee. Approval number and date:
166; 08.9.2017.

2.2. Hematoxylin and Eosin Staining

Sections were deparaffinized in two series of xylene, and rehydrated in a decreasing series of
alcohol, and brought to distilled water. Slides in distilled water were stained for 8 minutes at room
temperature in hematoxylin. At the end of hematoxylin staining, slides were washed with tap water for
5 minutes. After washing, slides were brought to eosin and stained for 2 min and then slides were
dehydrated in a series of increasing alcohol series, and thereafter immersed in xylene. Sections were
mounted with Entellan and examined under a light microscope.

2.3. Periodic Acid Schiff (PAS) Staining

Identical deparaffinization and rehydration steps were performed on the slides for PAS staining.
Then sections were brought to distilled water. Ready to use PAS staining kit (Bio Optica, # 04-
130802A) was used and all steps were performed according to the manufacturer's instructions. PAS
stained sections were mounted with Entellan and examined under a light microscope. The basement
membrane of examined villous capillaries was measured via light microscope-adapted software and all
obtained data were evaluated statistically.

2.4. Immunohistochemistry

Deparaffinized sections were washed in PBS and antigen retrieval was performed in EDTA
with microwave heating. Tissue sample sections were then brought to room temperature and washed

208


https://doi.org/10.33457/ijhsrp.766837

Int. J. of Health Serv. Res. and Policy (2020) 5(3):206-214 https://doi.org/10.33457/ijhsrp.766837

with PBS. Endogenous peroxidase activity was inhibited by applying a 3% H20- solution to the tissue
sections. Immunohistochemistry was performed with a ready to use the kit, Lab Vision™
UltraVision™ Large Volume Detection System: anti-Polyvalent, HRP (Thermo, Waltham,
Massachusetts, USA). All steps of the kit components (Ultra V Block, Biotinylated Goat Anti-
Polyvalent, and Streptavidin Peroxidase) were performed according to the manufacturer's instructions.
After H,O, application and PBS wash, nonspecific bindings were blocked by Ultra V Block. VEGF
(Santa Cruz, California, USA) and sFIt-1(abcam, Cambridge, UK) antibodies were diluted 1:100 in
PBS. Sections were incubated with diluted antibodies overnight at +4 °C. Sections were washed with
PBS after antibody incubation and Biotinylated Goat Anti-Polyvalent dropped on sections and
incubated for 10 minutes at room temperature. At the end of incubation, sections were washed with
PBS and incubated with streptavidin peroxidase for 10 minutes at room temperature. The incubated
sections were washed in PBS, and then DAB chromogen (Thermo, Waltham, Massachusetts, USA)
was applied to develop brown color at antigen-positive parts of the tissue samples. Sections were
counterstained with hematoxylin and mounted with Entellan. Quantification of immunohistochemistry
was performed by considering the placental villi capillary endothelial cells either positive or negative.
Randomly selected 100 villi from each group were examined for quantification. The number of
positive endothelial cells was converted to percentages by considering and comparing it with the total
endothelial cell counts in each villus.

2.5. Statistical Analysis

Obtained data were evaluated by the normality test to determine whether the values were
distributed normally or not. Statistical analysis was performed by the Independent Samples t-Test and
p < 0.05 was considered as significant. All data were expressed as mean + SD (standard deviation).

3. Results

3.1. Histopathological Results

Histopathological micrographs of the normotensive and preeclamptic placentas were shown in
Figure-1. In the normotensive placenta, villi were observed with regular morphology.
Syncytiotrophoblast cells and villous stroma were with normal morphology. Villous capillaries were
well organized with the regular basement membrane. Syncytial knots and bridges were very few but
were observed to be diffuse within the normotensive placenta. On the other hand, in the preeclamptic
placenta, severe morphological degenerations were observed. Hemorrhage at the intervillous region
was clearly visible. Vacuolization, edema, and disorganization within the villous stroma, an increase
in the number of Hofbauer cells, and perivillous fibrin deposition were detected. In the preeclampsia
group, placental syncytiotrophoblasts partially had hypertrophy. Dilatation and congestion within
villous capillaries and thickening of the capillary basement membrane were very widespread.
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Figure 1. Histopathological micrographs of the normotensive (a,c) and preeclamptic (b,d) placenta.
Intervillous hemorrhage (*), syncytial knots and bridges (arrow), congestion in villous capillary (thick
arrow), villous capillary basement membrane (curved arrow). Staining: H&E (a,b), PAS (c,d). Bar:
50 um (a,b), 20 pm (c,d).

3.2. Immunohistochemistry Results

VEGF expression positivity was observed at villous capillary endothelial cells of both
normotensive and preeclampsia placentas. Villous stroma was negative for VEGF, but trophoblastic
cells were positive at some parts of the placenta. sFIt-1 positivity was observed in villous capillary
endothelial cells, unlike negativity at stroma. Like the distribution of VEGF, syncytiotrophoblast
positivity of sFIt-1 was detected in both normotensive and preeclamptic placentas. However,
syncytiotrophoblast positivity was more evident in preeclamptic villi (Figure-2).
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Figure 2. VEGF (a,b) and sFlt-1 (c,d) immunohistochemistry micrographs of normotensive (a,c) and
preeclamptic (b,d) placenta. VEGF positive (arrow) and sFlt-1 positive (thick arrow) endothelial cells.
Immunonegative endothelial cells (curved arrow) and VEGF positive trophoblastic cells (arrow head).
Staining: VEGF and sFlt-1 immunohistochemistry. Bar: 20 um.

3.3. Statistical Results

Statistical results of the VEGF and sFIt-1 positivity rates were shown in Figure-3. When
villous endothelial cells of normotensive placenta were evaluated, VEGF positivity rate was 50.99 +
7.17. In the preeclamptic placenta, VEGF positivity rate was 40.85 + 7.00 and the difference between
the groups was significant (p < 0.01). However, sFlt-1 positivity rate of normotensive placental villous
endothelial cells was 31.40+5.34 and the positivity rate increased in preeclamptic placentas
significantly (p < 0.01) with a positivity rate of 61.96 + 8.20. The mean of the villous capillary
basement membrane of the normotensive placenta was 1.12 £ 0.30 um. The thicknesses of
preeclamptic placental villous capillaries were 1.33 + 0.27 um and significantly higher (p < 0.05) than
normotensive placental villous capillary basement membrane.

801 .
* Hl Normotensive

I Preeclampsia

VEGF sFlt-1

Figure 3. Statistical results of VEGF and sFlt-1 immunohistochemistry analyses. Different superscript
on each bar indicates a significant difference between groups (p < 0.01).
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4. Discussion

The placenta plays a role during gas and metabolite exchange between the mother and the
fetus. It is also responsible for various types of metabolic activities during gestation. Failure in
placental development may result in edema and proteinuria that are specific complications in
preeclamptic pregnancies as well [1]. Although there are numerous studies, the underlying reasons for
preeclampsia have not been understood yet. Pre-term delivery is still one of the most widely used
treatment methods during preeclamptic pregnancies [9]. Recent studies suggest that VEGF and sFlt-1,
which are functional in endothelial development, may be responsible for preeclampsia [10]. For that
purpose, in this study, we aimed to investigate the expression of VEGF and sFlt-1 in preeclamptic
placentas by immunohistochemistry.

In a previous study, Ibrahim et al. reported that there was severe morphological degeneration
in preeclamptic placental villi [11]. In this study, the authors reported an increase in the number of
fibrinoid depositions and syncytial knots in villi as well as reporting hemorrhage at the intervillous
space. In another study, Navbir et al. reported basement membrane thickening in the preeclamptic
placenta when compared to normotensive [12]. Also, villous capillary congestion was reported as a
result of preeclampsia in placental histopathology [13]. In our study, we have observed severe villous
degenerations like a fibrinoid deposition, an increase in the number of syncytial knots, thickening in
the basement membrane of villous capillaries, and capillary congestion. In this regard, our results are
consistent with previous studies. Although previous studies reported an increase in the number of
villous fibrinoid depositions at the third trimester [14, 15], the tendency of the number of fibrinoid
accumulations may be related to preeclampsia as reported by Ibrahim et al [11].

In a study performed by Bonnie K. Dwyer, serum sFlt-1 level was evaluated in normal and
high-risk preeclamptic patients [16]. The authors highlighted that sFlt-1 level was significantly
different between the groups, but the study reported a decrease in serum sFlt-1 level in high-risk
patients. On the other hand, Reuvekamp et al. reported decreased serum VEGF in preeclamptic
patients compared to the control group [17]. Bosio-Wheeler-Anthony et al. hypothesized that serum
VEGF decrease in preeclamptic patients may be related with increase in sFIt-1[18]. In the literature
review, we have found that the insoluble form of Fms Related Receptor Tyrosine Kinase 1 (FIt-1) is
expressed in villous capillary endothelial cells and placental macrophages, the Hofbauer [19].
Hypertension, proteinuria, and glomerular endotheliosis were observed in pregnant rats that were
subjected to adenoviral gene transfer of sFIt-1 [7]. Another study by Fan et al. reported the
upregulation of sFlt-1 and VEGF in the preeclamptic placenta [20]. The results of this study indicated
that sFlt-1 upregulation is related to trophoblast activation, but VEGF upregulation is related to
maternal decidua. We have obtained immunohistochemistry result in the preeclamptic placenta that
partially consistent with the literature. Some of the previously published studies reported increased
VEGF and sFlt-1 expression in the preeclamptic placenta [21, 22]. When we consider our study, we
observed reduced VEGF positivity and increased sFlt-1 positivity in preeclamptic placental villous
endothelial cells. Therefore, our results are partially consistent with previous studies.

Both previous studies and our current study demonstrate that preeclampsia is related to villous
endothelial dysfunction and the imbalance between VEGF and sFlt-1 might have a leading role in this
process. However, we believe more and detailed studies are needed to understand the function of
VEGF and sFlt-1 in the preeclamptic placenta during gestation.
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5. Conclusion

As a conclusion, sFlt-1 expression increased in preeclampsia patients villous capillary
endothelial cells, but VEGF expression level was reduced significantly. Therefore, there is strong
evidence that preeclampsia may be related to the expression level of sFlt-1 and VEGF during
preeclamptic placentation.
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