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Abstract: Preeclampsia is a disease characterized by hypertension and proteinuria occurred after 20 weeks of gestation. Preeclampsia is a major cause of ma-

ternal and fetal morbidity and mortality. The pathophysiological mechanism of preeclampsia is not known exactly yet. Preeclampsia endothelial cell dysfunction,
associated with inadequate trophoblastic invasion is characterized by abnormal placentation. Vascular endothelial growth factor (VEGF) according to is an angio-
genic cytokine, Annexin A5 is among endogenous peptides are both expressed from placental trophoblasts and Apelin is a multifunctional peptide and expressed
by placental trophoblasts and endothelial cells. It was aimed to investigate roles of these parameters occurring in preeclampsia and to compare immunoreactivity of
them in normal and preeclamptic placenta. In this study, placentas were collected from 20 normotensive pregnant women as controls, 16 mild-preeclamptic preg-
nant women, and 16 severe preeclamptic women. VEGF, Annexin A5 and Apelin were examined in samples of placenta tissues by streptavidin-biotin-peroxidase
complex immunohistochemical methods. Immunoreactivity scores (IRS) were obtained for each parameter. VEGF and Apelin IRS were increased significantly
in preeclamptic groups compared with control group (p <0.026, p<0.002 respectively). But Annexin A5 IRS was decreased significantly in preeclamptic groups
compared with control group (p<0.04). In correlation with the intensity of disease, increase in VEGF and Apelin, and decrease in Annexin AS supports roles of

hemo-dynamic alterations in fetoplacental circulation and structural alterations in uteroplacental bed occurring in preeclampsia.
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Introduction may play role in preeclampsia formation stages.. Angio-
genic factors such as vascular endothelial growth factor

Preeclampsia is characterized by hypertension and (VEGF), is produced by villous syncytiotrophoblasts
proteinuria occurred after 20 weeks of gestation. Since and play important roles in uterine vessel remodeling
3-8 % of that seen in pregnancy, it is a pregnancy related and angiogenesis (4). VEGF is essential for the prolif-
illness (1). Preeclampsia is a major cause of maternal eration of trophoblasts, the development of embryonic
and fetal morbidity and mortality. The pathophysiologi- vasculature and the growth of maternal and fetal blood
cal mechanism of preeclampsia is exactly unknown vessels in the uterus (5). Apelin, a 36 aminoacid peptide,
yet. It is currently believed that preeclampsia is a two is a multifunctional peptide and expressed by placental
stage disease. In the first stage, shallow cytotophoblast trophoblast and endothelial cells which is angiotensin
invasion of maternal spiral arterioles leads to placental II and bradykinin peptides have blood pressure-modu-
incufficiency. Defective implantation and placentation lating effects. The peptide is catabolized by the Angio-
cause a reduction in uteroplacental perfusion, plasental tensin —converting enzyme-related carboxypeptidase-2
hypoxia and ischemia. Placental ischemia may promote (ACE-2) (6). Apelin exerts a broad range of physiologi-
the release of a variety of factors to maternal circula- cal actions including effects on heart contractility, blood
tion. In the second stage, these factors initate a cascade pressure, blood vessel growth, apetite and drinking be-
of molecular and cellular events, leading to endothelial havior, pituitary hormone secretion and hypothalamic-
and vascular dysfunction (2). Preeclampsia is primarily pituitary—adrenal axis (7). Annexin AS (ANXAS), is a
a disorder of placental dysfunction, leading to systemic multifunctional protein which is expressed from pla-
endothelial dysfunction with associated vasospasm. In cental trophoblasts and one of its proposed roles is the
most cases, histopathologic examination of the placenta prevention of thrombosis. The placental anticoagulant
demonstrates evidence of placental insufficiency with protein is a member of the annexins, a family of calci-
associated abnormalities, such as placental infarction, um-dependent phospholipid-binding proteins. ANXAS,
retroplacental hematoma, blood infiltrates in the villous anticoagulant effect is due to the ability of this protein to
stroma, immature villi, increased fibrin deposition in displace coagulation proteins from phospholipid surfac-
perivillous space and inflammatory placental decidual es. ANXAS is essential for the maintenance of murine
vasculopathy (3). With the help of such pathophysio- placental integrity (3). ANXAS plays an important role
logical data we have studied on three paramaters which in maintaining the fluidity of intervillous circulation
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(8).In our study, we aimed to compare those parameters
between normal and preeclamptic placenta for density
and immunoreactivity aspect and also intensity of the
disease.

Materials and Methods

Study was conducted in Van Yuzuncu Yil Univer-
sity, Faculty of Medicine, Department of Obstetrics and
Gynecology on placenta of 52 patients who gave birth
there at 3™ trimester. Study was performed following an
ethical permission (26/01/2015 and no: 09). 20 placen-
tas were collected from normotensive pregnant wom-
en as controls, 16 placentas were collected from mild
preeclamptic pregnant women, and 16 placentas were
collected from severe preeclamptic women. Diagnosis
and classification of severe and mild preeclampsia was
done according to the 2002 criteria of American Col-
lege of obstetrics and Gynecology (ACOG). Twin preg-
nancy, pre-pregnancy hypertension cases and pregnants
with any systemic or local diseases were excluded from
study. Placenta full-depth tissue samples measuring 2x2
cm were obtained at the umbilical cord insertion point.
Following routine histological processing of tissue sam-
ples fixed in 10 % formalin were then sectioned at 5 pm
thickness. Then the sections were subjected to streptav-
idine-biotine-peroxidase complex formation, according
to the instructions of the manufacturer. In brief, paraffin-
embedded sections were cleared in xylene, rehydrated
in a series of ethanol washes. Endogenous peroxidase
activity was inhibited with 3% H202. Antigen retrieval
was performed by microwaving sections in citrate buf-
fer (pH: 6). Sections were blocked in PBS (pH: 7.4) for
20 min at room temperature and then protein blockage
was performed for inhibition of non-specific staining.
Sections were incubated with anti-VEGF, anti-Annexin
AS and Apelin (ab46154Anti-VEGF, ab113449 Anti-
Annexin A5 and ab1817886 Anti-Apelin polyclonal
antibodies Abcam, Cambridge, UK) VEGF for 30 min,
annexin for 16 hours, Apelin for 20 min, then incubated
with biotinylated secondary antibody (UltraVision De-
tection System; TP-015-HD; Thermo Fisher Scientific,
Fremont, CA) for 10 min. Finally streptavidin peroxi-
dase (UltraVision Detection System; TP-015-HD; Ther-

Table 1. General characteristics of the groups.

mo Fisher Scientific, Fremont, CA) was added for 10
min, and sections were washed in PBS (ph:7.4) before
detection with 3,3-diaminobenzidine (DAB) reagent.
After briefly being counterstained with Hemotoxylin
and Eosin (H&E) and mounted. The sections were ex-
amined under a light microscope at x40 magnification
(Olympus Tokyo, Japan). Levels of staining intensity
which is Immunoreactivity density was scored from 0.5
to 3+ by the same researcher as 0.5 (Very Weak), 1+
(Weak), 2+ (Mild Degree), 3+ (Strong). Immune reac-
tive cell percentage was obtained via counting 300-500
cells in 10 high power field (HPF). When immunoreac-
tive cells were absent, score was accepted as 0, positive
cell scores were accepted as 1 at 10%, 2 at 10-50%, 3
at 51-80 and 4 at above 80%. Immunoreactivity score
(IRS) for the immunoreactivity density value immuno-
reactive cell count score was obtained by multiplying
according to the literature (9). Kruskal- Wallis test was
used to compare groups’ traits. Statistical significance
was taken as 5 % for the calculations and SPSS (Ver :
13) statistical software package was used.

Results

32 patients who were diagnosed as severe or mild
preeclampsia of 16 patients in each and 20 control sub-
ject who did not have any systemic diseases were in-
cluded. General characteristics of subject are presented
in Table 1. There were statistically significant differ-
ences among groups for maternal age and gravidity (p
<0.043, p< 0.014 respectively). Highest values were
at mild preeclamptic group. With the severity of dis-
ease, comparison of preeclamptic groups with control
group revealed that their VEGF and Apelin IRS’s were
increased and statistically significance was determined
(p <0.026, p<0.002 respectively). It was observed that
IRS’s were attenuated in Annexin A5 in preeclamptic
groups however this decrease was significantly it was
significant (p<0.04) (Table 2). In general microscopic
investigation of tissues were stained with Hematoxy-
lin and Eosin (H&E). The control group had normal
histological appearance in the vascular structures of
placental tissue and villi of syncytiotrophoblast layer.
In preeclamptic groups, the changes occurring in pla-

Group Median Mean St.Dev. Min. Max. P
Control (n=20) 23.50 25.20° 6.49 17 38
Age (year) Mild Preeclampsia (n=16) 33.50 31.75¢° 6.89 18 45 0.043
Severe Preeclampsia(n=16) 27.50 28.69® 9.38 18 45
Control (n=20) 1.00 1.85° 1.53 1.00 6.00
Gravidity Mild Preeclampsia (n=16) 3.50 4.06° 2.64 1.00 8.00 0.014
Severe Preeclampsia (n=16) 1.50 2.19° 1.94 1.00 8.00

a,b : Different lower cases represent statistically significant differences among the groups (p<0.05).

Table 2. Group mean IRS values for each parameter.

Control Group (n=20) Mild Preeclampsia Group (n=16) Severe Preeclampsia Group (n=16)

Mean i.s ta}ndard Mean £Standard Deviation Mean £Standard Deviation
Deviation
VEGF 4.44+3 .63 5.35+1.81%® 7.00+£2.372 0.026
Apelin 0.34 +£0.23" 0.63+0.39° 1.35+1.41* 0.002
Annexin A5 11.254+1.92° 10.38+2.732 8.875+3.44¢° 0.04

a,b: Different lower cases in the same row represent statistically significant differences among the groups (p<0.05).
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localization of Vascular

Immunohistochemical
Endothelial Growth Factor (VEGF) in the (a) control group, (b)
mild preeclampsia group and (c) severe preeclampsia group. Red

Figure 1.

arrows, expression of VEGF in the placental villi (Scale bars,
50um).

cental bed was supported by light microscopic find-
ings. There was luminal narrowing of decidual artery
and decidual lesions in placental tissue of preeclamptic
groups. This situation was more prominent in severe
preeclamptic group In preeclamptic placentas, we ob-
served a strong increase of VEGF (Figure 1) and Apelin
(Figure 2), decreased Annexin A5 (Figure 3) expression
levels. Specifically for Annexin A5, we found a strong
immunopositivity in the cytoplasm of both cytotropho-
blast and syncytiotrophoblast cells, together with a dif-
fuse immunopositivity in the stroma of placental villi.
Results of the immunohistochemical study, in a normal
pregnant woman, mild and severe preeclamptic patients
are shown in figures a, b and c, respectively.

Discussion

Macroscopic and microscopic alterations occur in
placental structures in pregnancies with preeclamp-
sia complications. It is evident that preeclampsia is a
placental formation problem and a structural problem
in placental bed especially in spiral arteries. We also
observed macroscopic and microscopic alterations in
placental bed alterations associated with pathophysiol-
ogy of preeclampsia. In normal placentations the cyto-
trophoblast cells invade the uterine spiral arteries and
transform them from small-sized resistance vessels into
large—sized resistance vessels in order to provide ad-
equate perfusion for both villous and fetal growth (4).
In preeclampsia, this invasion is limited to the proxi-
mal decidua, and spiral arteries fail to dilate and re-
main responsive to vasomotor influences, which leads
to high-resistance chorioplacental circulation (10,11).
As a result, the average diameter of the blood vessels
decreases and causes acceleration of placental isch-
emia (4). Given that defects in angiogenesis and re-
modeling of the throphoblast lead to maldevelopment,
and inadequate placental mass, placental dysfunction,
and chronic hypoxemia, endothelial dysfunctions play
key role in the pathogenesis of preeclampsia, VEGF
and pro-angiogenic proteins produced by villous syn-
cytiotrophoblasts have been the focus of many studies
(12,13,14, 15). Some of previous studies comparing pla-
cental expression of the VEGF system, which is known
to be regulated response to mainly placental hypoxia,
noted increased placental VEGF and immunostaining in
preeclampsia pregnancies (12,13,16,17). Induction and
upregulation of the VEGF system by chronic hypoxia
and endothelial activation were suggested as possible
mechanisms of this increase (4). In the present study, in

Figure 2. Immunohistochemical localization of Apelin (AP) in
the (a) control group, (b) mild preeclampsia group and (c) severe

preeclampsia group. Red arrows, expression of AP in the placental
villi (Scale bars, S0um).

Figure 3. Immunohistochemical localization of Annexin AS
ANXADS) in the (a) control group, (b) mild preeclampsia group and
¢) severe preeclampsia group. Red arrows, expression of ANXAS
in the placental villi (Scale bars, 50 pm).

proportion with intensity of disease VEGF was found
to be significantly increased in placentas of preeclamp-
tic patients when compared with mild preeclampsia and
the controls. Pregnancy entails dramatic cardiovascular,
body fluid and metabolic changes, both in humans and
rodents. Heart rate and plasma volume increase with 40
% while blood pressure decreases progressively. In ad-
dition, gestational weight gain is accompanied by pro-
gressive adipocyte hypertrophy and insulin resistance
(18). Apelin may well be involved in these adaptations,
but few studies have examined its role in physiologi-
cal or pathological pregnancies. Based on its potential
actions, Apelin could be implicated in pathophysiology
of preeclampsia (through the regulation of blood pres-
sure and angiogenesis), in the regulation of fetal growth
(through its effects on plasma volume expansion) and
in the pathophysiology of gestational diabetes mel-
litus (through the regulation of glucose metabolism).
To date, the peptide and its receptor have been local-
ized in first-and third-trimester human placentas, and
are markedly upregulated in preeclamptic pregnancies.
There are studies presenting increased placental Apelin
in the preeclamptic women (19). In our study increased
Apelin immunreactivity in preeclamptic placentas were
determined which is also consistent with literature. An-
nexin A5 may severe a thrombomodulatory function
in the placental circulation, where it appears neces-
sary for the maintenance of placental integrity (20,21),
infusion of polyclonal anti-Annexin A5 antibodies to
pregnant mice with resulted in placental infarction and
pregnancy wastage (20). The protein is expressed in ap-
parently constitutive manner by human placental tro-
phoblasts and has been immunolocalized to the apical
surface of the syncytiotrophoblasts lining the placental
villi where it is densely expressed (20). Recently, it
was reported that Annexin A5 expression is decreased
in throphoblasts of preeclamptic placentas and that the
degree of decrease correlated with elevation of markers
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for activation of blood coagulation (22). In our study
we have found that immunereactivity of Annexin A5
in preeclamptic patients was attenuated which supports
diffuse arterial microthrombus progress in preeclamptic
placental bed. In our study, consistent with literature,
VEGF and Apelin were proportionally increased and
Annexin A5 was decreased according to severity of the
disease. As a result, it is concluded that VEGF which
has well defined role in preeclampsia progress stages
and Apelin and Annexin A5 which are multifunctional
and their functions are at research stage may have roles
in pathophysiology in disease after evaluation of normal
and preeclamptic patients. Accroding to our results we
thought that Apelin and Annexin A5 may also have role
in mechanisms which lead to formation of preeclampsia
as VEGF. More studies are needed in order to explain
pathophysiology of the disease and to clarify functions
of those parameters. In addition biomarkers are needed
for predicting preeclampsia at an early stage. We con-
sider that predicting preeclampsia in early stage may be
possible through such biomarkers in future studies.
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