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Recombinant vascular endothelial growth factor 121
decreases vascular cell adhesion molecule-1 in

murine pre-eclampsia model placenta

Sri Sulistyowati*, John Arianto Sondakh*, Eric Edwin Yuliantara*,
Supriyadi Hari Respati*, and Soetrisno*

BACKGROUND
Preeclampsia is one of the major contributors to maternal and fetal
morbidity and mortality. Imbalance of soluble Fms-like tyrosine kinase
(sFlt-1) as anti-angiogenic factor and vascular endothelial growth factor
(VEGF) as pro-angiogenic factor plays a role in the pathogenesis of
preeclampsia. Endothelial dysfunction in preeclampsia causes vascular
cell adhesion molecule-1 (VCAM-1) to be expressed on its surface. This
study aims to evaluate the effect of recombinant VEGF-121 on VCAM-1
expression in the placenta of a murine preeclampsia model.

METHODS
An experimental analytical study conducted from February until March
2016 in the Biomedical Laboratory, Faculty of Veterinary Medicine,
Airlangga University. The study sample consisted of 30 pregnant mice,
divided into three groups, i.e. 10 normal pregnant mice, 10 mice with
preeclampsia model and 10 mice with preeclampsia model and
recombinant VEGF-121 therapy. All animals were subjected to
immunohistochemical examination of VCAM-1 expression in their
placentas. The results were assessed semiquantitatively according to a
modified Remmele method. Data analysis was done using one-way
ANOVA and Tukey’s multiple comparisons method.

RESULTS
Mean VCAM-1 expression in normal (0.97 ± 0.54%) murine placentas,
compared with placentas (2.94 ± 0.96%) of murine preeclampsia models
(p=0.000), while mean VCAM-1 expression in placentas of murine
preeclampsia models with VEGF intervention was 2.14 ± 0.68%
(p=0.030).

CONCLUSION
Recombinant VEGF-121 can reduce VCAM-1 expression in placentas
of murine preeclampsia models. The present study has shown the potential
benefits of VEGF therapy, justifying serious consideration of this
therapeutic approach for use in women with preeclampsia.

Keywords: Recombinant VEGF-121, VCAM-1, preeclampsia, pregnant
murine
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INTRODUCTION

Preeclampsia is pregnancy that is associated
with hypertension occurring after 20 weeks of
gestation. Preeclampsia is still the main
contributor to maternal and fetal morbidity and
mortality.(1) The incidence of preeclampsia is 2-
10% of all pregnancies in the world and according
to the WHO is 7-fold greater in developing than
in developed countries.(2) Preeclampsia is also
associated with 10% of perinatal and neonatal
causes of death.(3) Between 30–40% of
preeclampsia cases in Indonesia result in the death
of the pregnant mothers and 30–50% cause
perinatal deaths.

In RSUD Dr. Moewardi, Surakarta, the
mortality rate among pregnant mothers in 2012
caused by preeclampsia was 19 out of 30 pregnant
mothers and in 2013 12 out of 21 pregnant
mothers.(4)

Preeclampsia can cause complications in the
mother, i.e. acute kidney disease, liver failure,
antepartum hemorrhage, postpartum hemorrhage,
eclampsia and maternal death.(5) Complications
in the fetus that may be caused by preeclampsia
are among others: intrauterine fetal death (IUFD),
intrauterine growth restriction (IUGR), fetal
distress, and also increased risk of respiratory
distress and low birth weight associated with
prematurity.(6) Preeclampsia is described as a
syndrome specific to pregnancy that can influence
all organ systems. To date no effective preventive
treatment of preeclampsia is available.
Termination of pregnancy or delivery is
considered the best measure, particularly in cases
of preeclampsia with complications.(7)

Preeclampsia presumably occurs in two
stages. The first stage is asymptomatic and is
characterized by abnormal placental development
in the first trimester, particularly in angiogenesis,
causing placental insufficiency and release of
placental material into the maternal circulation.
In the endothelialization process there occur
cytotrophoblast abnormalities and inadequate
invasion of the spiral arteries in the myometrium.
Poor placentation results in placental ischemia and

hypoxia. Release of placental material triggers the
clinical picture of the second stage, i.e. the
symptomatic stage. In this stage there occurs the
development of signs of hypertension, renal
abnormalities and proteinuria, and damage in
other end organs, leading to histological,
functional, and metabolic placental abnormalities,
that are thought to play a major role in the
pathophysiology of preeclampsia.(8)

In the pathogenesis of preeclampsia there is
presumably an imbalance between the pro-
angiogenic placental growth factor (PlGF) and
vascular endothelial growth factor (VEGF) on the
one hand and the angiogenesis inhibitors (anti-
angiogenic factors) sFlt-1 and soluble endoglin
(sEng). The balance between PlGF and VEGF as
pro-angiogenic factors and sFlt-1 and sEng as
anti-angiogenic factors is important in influencing
the processes of angiogenesis, vasculogenesis and
placental development during pregnancy.(9,10)

One of the facts that constitute strong
evidence for the role of an imbalance between pro-
and anti-angiogenic factors in preeclampsia is the
increase in soluble fms-like tyrosine kinase-1 (sFlt-
1). The aforementioned imbalance can be detected
before the clinical diagnosis of preeclampsia.
Currently measurement of serum sFlt-1 levels and
the ratio of sFlt-1 to PlGF may be used as
predictors of preeclampsia. An sFlt-1/PlGF ratio
of <38 can be used as a strong predictor of
preeclampsia in women who are clinically at
risk.(11) Placental ischemia in experimental animals
causes reduced uterine perfusion pressure (RUPP)
that produces increased levels of sFlt-1 and
decreased levels of free VEGF in the circulation.(12)

In endothelial dysfunction, on the endothelial
surface adhesion molecules are expressed, such
as vascular cell adhesion molecule-1 (VCAM-1)
and intercellular cell adhesion molecule-1 (ICAM-
1). In the supernatants of endothelial cell cultures
that have been incubated with the serum of patients
with preeclampsia, increases are found in soluble
VCAM-1, but not in other adhesion molecules
such as ICAM-1 and E-selectin. Therefore
VCAM-1 presumably plays a role in
preeclampsia.(13,14)
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Recombinant VEGF-121 is an exogenous
VEGF that plays a role in vasculogenesis and
angiogenesis, since there are VEGF receptors
(VEGFR-1) in the endothelial wall.
Administration of recombinant VEGF for the
treatment of preeclampsia may result in reduced
sFlt-1 levels in the blood of experimental animals,
clinically reduced blood pressure,
histopathological improvement of endothelial
function, and reduction of placental hypoxia.(15,16)

Recombinant VEGF therapy can neutralize the
increased sFlt-1 in preeclampsia, thus reducing
sFlt-1 concentration and resulting in a return to
normal angiogenesis.(3) The VEGF-121 therapy
in a murine model of preeclampsia has the effects
of reducing blood pressure, improving albumin
and creatinine, placental histology, and glomerular
endotheliosis.(15)

Thus far there have not been many studies
on recombinant VEGF-121 therapy in relation to
VCAM-1 expression as marker of endothelial
dysfunction in preeclampsia. The present study
aimed to evaluate the influence of recombinant
VEGF-121 administration on VCAM-1
expression in the placenta of a murine model of
preeclampsia.

METHODS

Design of the study
This was an experimental analytical study,

conducted from February until March 2016 in the
Experimental Animal House, Biomedical
Laboratory, Faculty of Veterinary Medicine,
Airlangga University.

Animal model
The experimental animal study used murine

placentas that meeting the inclusion criteria, i.e.
originating from female Swiss mice (Mus
musculus) obtained from center Veterinaria Farma
Center, Surabaya. The mice were 3 months old,
healthy, and weighing 20 to 25 grams. The sample
size based on the replication formula of Steel et
al.(17) was 30 mice that were divided into 3 groups,
i.e. group 1 (K1) comprising normal pregnant
mice, group 2 (K2) comprising mouse

preeclampsia models and group 3 (K3) comprising
mouse preeclampsia models on recombinant
VEGF-121 therapy. On day 16 of murine
gestation, all animals from the three groups
underwent an operation in which their placentas
were removed. The reason for collecting the
placentas on day 16 was the assumption that this
period was comparable to the second trimester of
pregnant humans, in which the manifestations of
preeclampsia are already present.

Impregnation of the female mice was
performed by estrus synchronization, in which
female 3-month old adult mice weighing 20 to 25
grams were injected with 5 IU of pregnant mare
serum gonadotropin (PMSG), and 48 hours later
injected with 5 IU human chorionic gonadotropin
(hCG). The female mice that were already in
synchronized estrus were mated with 7-months
old male mice weighing ± 60 grams. Seventeen
hours after mating the female mice can be
diagnosed as pregnant if there is a copulatory plug
filling their vagina from cervix to vulva.

On day 1 of pregnancy, the whole sample
was randomly divided into three groups, i.e. a
group of 10 normal pregnant mice (K1) kept
without intervention and 2 groups, each
comprising 10 pregnant mouse as models of
preeclampsia (K2 and K3). The mice were
converted into a preeclampsia model by the
intravenous administration on days 1 to 4 of anti
Qa-2 antibody at a dose of 10 ng. On days 12 to
15 of pregnancy, the mice in group K3 received a
single dose of recombinant VEGF-121 (125 mg/
kg body weight). On day 16 of pregnancy, the
mice from all three groups were terminated by
euthanasia using ketamine and subsequently
underwent necropsy. After the abdominal cavity
of each animal was opened, the placenta was
removed and placed into a pot containing 10%
neutral buffered formalin. The placenta was then
subjected to immunohistochemical examination.
The reagent kits used were anti-Qa2 antibody
(5K44), Xeno-freeTM recombinant mouse VEGF-
121 125 mg/ kg body weight, pregnant mare serum
gonadotropin (PMSG) 600 pg, Chorulon human
chorionic gonadotropin (hCG) 1500 IU and Bioss
VCAM.

Sulistyowati, Sondakh, Yuliantara, et al                                                                                Vascular endothelial growth factor
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Immunohistochemistry
Preparations were obtained from each of the

surgically removed murine placentas, made into
paraffin blocks and stained with hematoxylin-
eosin (HE). Histological sections were prepared
by fixing the placentas in 10% neutral buffered
formalin, then cutting them up and placing them
in plastic containers. The specimens were further
dehydrated in graded alcohols of 70%, 80%, 90%,
absolute alcohol I, absolute II, each immersion
lasting 2 hours. The specimens were then cleared
in xylol, molded into paraffin blocks and stored
in the refrigerator. The aforementioned blocks
were then cut into 5–6 ì m sections in a microtome.
The sections were floated in warm water at a
temperature of 60°C to stretch the sections to
prevent folds in the tissues. The preparation were
then lifted out and placed on a glass slide for
staining with hematoxylin and eosin (HE).
Subsequently the sections were examined under
a Nikon eclipse CY1 light microscope at 1000x
magnification. Immunohistochemical examination
was performed to evaluate VCAM-1 expression,
calculated as the percentage of positive cells per
field of view.

Data analysis
Data were analyzed semiquantitatively

according to a modification of the Remmele
method, where the Remmele scale index
(immunoreactive score, IRS),(18) is the product of
the percentage of immunoreactive cells and the
color intensity of these cells. The analytical
technique used in this study was the one-way
ANOVA statistical test. In case of a significant
difference, the analysis was continued with the
post hoc Tukey test, at a significance level of 5%
(p<0.05).

Ethical clearance
Ethical clearance was obtained from the

Research Ethics Commission, Faculty of
Veterinary Medicine, Airlangga University, under
No. 419-TO, dated 18 March 2015.

RESULTS

In Table 1 K1 has a mean VCAM-1 score of
0.97 ± 0.54% per field of view, group K2 a mean
score of 2.94 ± 0.96% per field of view, while
group K3 has a mean score of 2.14 ± 0.68% per
field of view (p=0.000). The mean VCAM-1 score
between the three groups differed significantly.

Mean VCAM differed significantly between
group K1 and group K2 (p=0.00), group K1
differed significantly from group K3 (p=0.001)
and group K2 differed significantly from group
K3 (p=0.035) (Table 2). From these study results
it may be concluded that recombinant VEGF-121
administration reduced VCAM-1 expression in the
preeclampsia model placentas.

In Figure 1 it is apparent that there was no
dominant chromogen pattern as a marker of
VCAM-1 expression in the endothelium of normal
pregnant murine placentas (K1), whereas in
murine preeclampsia model placentas (K2) and
murine preeclampsia model placentas treated with

Table 1. Mean VCAM-1 in normal pregnant murine placentas (K1),
murine preeclampsia model placentas (K2) and murine preeclampsia

model placentas treated with recombinant VEGF-121 (K3)

Table 2. Results of post-hoc analysis using
Tukey’s procedure

K1=VCAM-1 in normal pregnant murine placentas;
K2=murine preeclampsia model placentas;
K3=murine preeclampsia model placentas treated with
recombinant VEGF-121
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Figure 1. VCAM-1 expression in normal pregnant murine placentas (K1), murine preeclampsia model
placentas (K2) and murine preeclampsia model placentas treated with recombinant VEGF-121 (K3)

recombinant VEGF-121 (K3) may been seen
chromogen patterns (indicated by white arrows)
showing VCAM-1 expression in the endothelium
of murine placentas. The chromogen pattern in
K-2 (endothelium of pregnant murine
preeclampsia model placentas) was more
dominant than in K-3 (endothelium of pregnant
murine preeclampsia model placentas treated with
recombinant VEGF-121), the latter showing lower
VCAM-1 expression.

DISCUSSION

In this study mean VCAM-1 expression in
the group of normal pregnant mice was
significantly lower than in the preeclampsia model
mice. This demonstrates that in preeclampsia there
occurs endothelial dysfunction because of
significantly increased VCAM-1 expression.

Endothelial dysfunction in preeclampsia is
characterized by expression of adhesion molecules
on the endothelial, i.e. VCAM-1 and ICAM-1.
Increases in the concentrations of soluble VCAM-
1 are found in the supernatant of endothelial cell
cultures that were incubated with the serum of
patients with preeclampsia, but no increases in
other adhesion molecules such as ICAM-1 and
E-selectin. Therefore it is presumed that VCAM-
1 plays a role in preeclampsia.(13) This study agrees
with other studies that increased VCAM-1
indicates the possibility of altered endothelial
activity and therefore of endothelial damage in
preeclampsia. Increased VCAM-1 indicates
activation of endothelial cells.(19)

Recombinant VEGF-121 has receptors
called VEGFR-1 in the endothelial wall, which

may also bind sFlt-1 more strongly. Recombinant
VEGF-121 binds to VEGFR-1, thus triggering
angiogenesis. Recombinant VEGF-121 therapy
may also neutralize the effect of increased sFlt-1
in preeclampsia, in that binding of sFlt-1 to
proangiogenic factors reduces circulating sFlt-1
and effects a return to normal angiogenesis.(3)

Administration of recombinant VEGF-121
for treatment of preeclampsia in experimental
animals can lead to reduction in sFlt-1
concentrations in the circulation, clinical reduction
in blood pressure, histopathological improvement
in endothelial function and decreased placental
hypoxia.(15,16) The studies of Li et al,(15) Bergmann
et al,(20) Gilbert et al,(21) Mateus et al,(16) and Woods
et al,(7) on administration of VEGF-121 in
experimental animals show similar significant
results, such as reduced systolic blood pressure
and reduced renal damage. In the present study
mean VCAM-1 expression in the group of murine
preeclampsia models given recombinant VEGF-
121 was significantly lower than in the group of
murine preeclampsia models alone. This shows
that administration of or therapy with recombinant
VEGF-121 significantly reduces VCAM-1
expression, signifying improvement of endothelial
function in preeclampsia. Chronic infusion of
VEGF-121 in rats with experimentally induced
RUPP improves glomerular filtration rate and
endothelial function, reduces high blood pressure
and prevents the onset of hypertension in late
gestation.(21) In the study of Agarwal and
Karumanchi (22) on rats as preeclampsia models,
administration of VEGF-121 shows improvement
in glomerular filtration rate and endothelial
function, and also reduces the blood pressure

Sulistyowati, Sondakh, Yuliantara, et al                                                                                Vascular endothelial growth factor
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associated with placental ischemia and high sFlt-
1 expression.

In our study we did not investigate sFlt-1
expression, therefore treatment with recombinant
VEGF-121 could not show improvement in the
balance between the pro-angiogenic VEGF and
the anti-angiogenic sFlt-1 in the form of a
reduction of the endothelial dysfunction occurring
in preeclampsia.

CONCLUSIONS

Recombinant VEGF-121 may reduce
VCAM-1 expression in murine preeclampsia
model placentas. Administration of recombinant
VEGF-121 may be one alternative for developing
preeclampsia therapies to reduce maternal and
fetal morbidity and mortality.
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