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Abstract

Aim: This study aimed to analyze the ultrastructure and histomorphometric changes of the human umbilical cord vessels of preeclampsia
compared to healthy pregnancies and the possible role of vascular endothelial growth factor (VEGF) and its receptors. Materials and Methods:
Umbilical cord (UC) specimens were collected between August, 2014 and July, 2015. Histomorphometric analysis of UC vessels was
performed utilizing an image analysis system. Cellular localization of VEGF, VEGFR-1 (VEGF receptor-1) and VEGFR-2 (VEGF receptor-2)
were examined in immunohistochemically-stained sections of UC from 45 pregnancies with preeclampsia (PE) and 40 healthy pregnancies.
Results: Compared with healthy pregnancies, UC venous measurements were significantly higher in PE; total venous area (p<0.001), luminal
venous area (p<0.001) and luminal venous index (p=0.005). Arterial measurements except for the total arterial area were significantly lower in
the PE compared to healthy pregnancies, luminal arterial area (p=0.32) and luminal arterial index (p=0.004). Histological and ultrastructural
examination of UC from PE revealed discontinuity of vascular endothelium and disorganized edematous widely spaced smooth muscle cells.
We demonstrated a significant increase in tissue expression of VEGF in PE (16.6±0.1) compared to healthy pregnancies (12±0.8) (p=0.001).
Also, significant higher VEGFR-1 expression in PE (20.5±2.5) compared to healthy pregnancies (9.5±1.2) (p<0.001) has been observed.
However, tissue expression of VEGFR-2 was decreased significantly in PE (10.5±0.7) compared to healthy pregnancies (13.8±1.6) (p=0.043).
Conclusions: Altered tissue expression of VEGF and its receptors in the UC vessels could play a crucial role in disturbing the UC vascular
endothelium, smooth muscles and measurements and this may underlie the existence of preeclampsia.
Keywords: VEGF, VEGFR-1, VEGFR-2, umbilical cord vessels.

 Introduction
The umbilical cord (UC) is an extension of the fetal
weave and consequently it allows assessing the influence
of clinical diseases and/or intrinsic fetal sickness affecting
pregnancy. Human umbilical vessels vary from the major
vessels of the same caliber in the body for many causes.
Transudation of fluid occurs in these vessels and contributes to the formation of the amniotic fluid [1]. Umbilical
vessels are not supplied by vasa vasorum and thus depend
on their own oxygen supply, making them more susceptible
to alterations in hemodynamic condition [2, 3]. In spite
of complete and accurate descriptions of the histology
of UC vessels, the histomorphometry of these structures
have been inadequately studied, despite the wide broad
spectrum of pathologies affecting the mother and the fetus.
Preeclampsia (PE), a syndrome characterized by the
presence of hypertension and proteinuria and is believed
to be due to endothelial cell dysfunction [4]. Endothelial
dysfunction cause vascular manifestations like hypertension, proteinuria, edema, hepatic hemorrhage, renal
morbidity and others. Still, the causes lie behind endothelial
dysfunction in PE remains uncertain. Some investigators
proposed placental factors to have a key role, but the exact
nature of these constituents is however not clear [5].
ISSN (print) 1220–0522

Vascular endothelial growth factor (VEGF) is a dimeric
glycoprotein with potent angiogenic properties. The role
of VEGF is to stimulate endothelial cell proliferation,
migration, and survival [6]. VEGF employs its biologic
effect through two high-affinity receptor tyrosine kinases:
VEGFR-1 and VEGFR-2 [7]. Previous reports suggest that
the circulating levels of VEGF are elevated significantly
in PE [8]. In addition, a positive correlation between
VEGF concentrations and systemic or uterine vascular
resistance was described [9].
To date, little is known about the expression of VEGF
and VEGF receptors in the tissues and the vessels of the
umbilical cord from healthy and PE pregnancies and its
relation to the measurements of the UC vessels. Thus,
ultrastructural, histomorphometry and immunohistochemical analysis was conducted in this study to explore
the immunoexpression of VEGF/VEGFR-1/VEGFR-2 in
the tissues and the vessels of the UC from healthy and
PE pregnancies.
 Materials and Methods
This observational study included 85 consecutive
women with singleton pregnancies that delivered between
29 to 40 weeks gestation, 40 cases were healthy pregnancies
ISSN (online) 2066–8279
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and 45 were suffering from PE. Preeclampsia was defined
as elevated blood pressure (≥140/90 mmHg on two
measurements ≥6 hours apart or ≥160/105 mmHg on
presentation) after 20 weeks gestation with the onset of
proteinuria (≥0.3 g in 24 hours urine specimen, or ≥2+
on urinary dipstick) [2]. Severe PE was defined as severe
hypertension (diastolic blood pressure ≥110 mmHg) and
proteinuria (a 24-hour urine sample containing 5 g protein
or urine specimen ≥3+ protein by dipstick measurement).
Women with chronic hypertension, diabetes mellitus,
renal and liver diseases or smokers were excluded. For
all patients, arterial umbilical flow velocity waveforms
(FVW) from 24 weeks until one week before delivery
were recorded with Toshiba SSA 270A/HG pulse-waved
Doppler, using abdominal probe 5 MHz. Normal umbilical
Doppler indices were defined as a systolic/diastolic values
between 5% and 95% with respect to the gestational age.
Values out of this range were taken as abnormal [10].
Demographic data and routine clinical investigations
were recorded.
Tissue sampling
Umbilical cord samples were collected after delivery
from Al-Madinah Maternity Hospital (Taibah UniversityTeaching Hospital), Al-Madinah Al-Munawarah Province,
Kingdom of Saudi Arabia, between August, 2014 and
July, 2015. Each patient was given an informed consent to
contribute in the study. The study protocol was approved
by the Medical and Health Sciences Research Committee
Involving Human Subjects of our Hospital (No. 413/
20-8-2014), which conforms to the provisions of the
Declaration of Helsinki.
Segments of UC 5 cm away from the placental end
were obtained and fixed in buffered formaldehyde (pH
7.0), processed to wax using routine laboratory practices.
Random choice of tissue blocks was done and the blocks
were cut at 5 μm thicknesses and were processed for
Hematoxylin–Eosin (HE) staining, carried out according
to conventional procedures [11].
Morphometric analysis
Morphometric measures were taken from 85 blocks:
40 from UC of normal pregnancies and 45 from UC of
preeclampsia. Entire sections including the arteries and
the vein were digitalized and used for histomorphometry
at 200× magnification. The same investigator performed
all analyses blind. Morphological measurements were taken
using an Image Analyzer (Leica Q Win standard, digital
camera CH-9435 DFC 290, Germany). The following
measurements were obtained: (a) venous measurements:
total venous area, luminal venous area and luminal venous
index = luminal area/total area; (b) arterial measurements:
total arterial area, luminal arterial area and luminal arterial
index = luminal area/total area.
Immunohistochemistry
Three μm thick sections were collected onto coated
slides and examined using an immunoperoxidase according
to the conventional methods. Immunohistochemical staining
was done using primary rabbit monoclonal anti-human
VEGF, primary rabbit polyclonal anti-human VEGFR-1
and anti-human VEGFR-2 (Table 1).

Table 1 – Specifications of the primary antibodies
Antigen

Source Catalog Clonality Code Dilution
Spring
Ready to
M3281 Monoclonal Sp 28
Bioscience
use
Spring
Ready to
E2801 Polyclonal
–
VEGFR-1
Bioscience
use
Spring
Ready to
E3711 Polyclonal
–
VEGFR-2
Bioscience
use
VEGF

To localize binding of the primary antibodies, the slides
were incubated with the secondary anti-rabbit antibodies
(IgG1) universal kits obtained from Zymed Corporation.
For negative controls, the incubation was done by a nonspecific mouse IgG1 antibody. Then, the sections were
incubated in 3,3’-diaminobenzidine (DAB) reagent and
counterstained with Hematoxylin and coverslipped using
Protex ting media (DAB-Stock Stain box; Boster Biotechnology) [12]. All the immunostainings were performed
under the same conditions, including temperature, incubation periods of primary and secondary antibodies, and
exposure period to DAB, to avoid the potential influence
on the staining intensity in the different groups.
Evaluation of immunostaining
Tissue sections were tested using an optical microscope
at 4× and 10× magnification for the initial screening. A
positive reaction for VEGF protein was detected as a
brown-yellow granulation in the cellular membranes,
cytoplasm and extracellular matrix while a positive reaction
for VEGFR-1 and VEGFR-2 proteins was detected as a
brown-yellow granulation in the cytoplasm. The area %
of the VEGF, VEGFR-1 and VEGFR-2 immunoprecipitates was measured utilizing the Image Analyzer that
allowed avoiding subjectivity and selection bias in
judgment of the degree of staining through adjustment
of the image detection tools at a fixed point detecting a
certain point of brown coloration in all examined slides.
TEM processing
Small fragments of umbilical cord tissues were fixed
in 2% glutaraldehyde, in 0.085 M sodium cacodylate
buffer (pH 7.4) for 24 hours, then washed in phosphatebuffered saline (PBS) and post-fixed in 1% osmium
tetroxide for one hour, dehydrated and embedded in Epoxy
resin. Ultrathin sections (50 nm) were cut, mounted on
copper grids and stained with uranyl acetate after that,
lead citrate, and then assessed by transmission electron
microscope (JEOL 1200 EXII) in Research Laboratory,
College of Science, Ain Shams University, Egypt [13].
Statistical analysis
All data were expressed as mean ± SEM (standard
error of mean). Significant differences of average values
between groups were counted on using independent
Student’s t-test or Mann–Whitney U-test. The threshold
for statistical significance was set at p<0.05. IBM SPSS
(version 21) statistical software was used.
 Results
Clinical data
Mean maternal age, maternal parity and infant sex
were not significantly different between the two groups,
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however, body mass index, mode of delivery and Apgar
score was significantly higher in preeclampsia patient.
On the other hand, gestational age and birth weight of
newborn babies was significantly lower in the PE group
as indicated in Table 2. Among preeclamptic patients,
35 (77.8%) were categorized as having severe PE, 10
(22.2%) patients experienced a previous history of PE
and 27 (60%) had abnormal umbilical artery FVW.
Table 2 – Clinical
population
Parameters

characteristics
Normal
(n=40)
31.2±1.22
39 (37–40)
3.1±0.22

of

the

study

Preeclampsia
p-value
(n=45)
30.9±0.95
0.448
35 (29–40) <0.001*
2.6±0.19
0.164

Maternal age [years]
Gestational age [weeks]
Parity
Body mass index (BMI)
27.3±0.34
28.7±0.25
0.001*
2
[kg/m ]
Birth weight [g]
3016.6±50.81 2304.2±69.82 <0.001*
Infant sex
Female n (%)
23 (57.5)
25 (55.5)
0.322
Male n (%)
17 (42.5)
20 (44.4)
Mode of delivery
Vaginal
27 (67.5)
22 (48.8)
<0.001*
Caesarean
13 (32.5)
23 (51.1)
5 min. Apgar score 8.1±0.7 (8–10) 7.2±0.4 (6–9) 0.033*

Data are expressed as mean ± SEM (standard error of mean) or
number and percentage. *Significant p-value <0.05.

Morphometric analysis of umbilical cord blood
vessels
As shown in Table 3, compared to the control group,
total venous area (p<0.001), luminal venous area (p<0.001)
as well as the luminal venous index (p=0.005) was significantly higher in the preeclamptic specimens. Arterial
measures show significant reduction in the luminal arterial
area (p=0.032) and luminal arterial index (p=0.004) in the
preeclamptic vessels compared to the controls, however,
there no significant difference found in the total arterial
area between both groups (p=0.681).
Table 3 – Vascular measurements of the umbilical cord
Measurements

Normal
(n=40)

Venous measurements
2 296 292±
2
Total area [μm ]
143 794
243 276±
2
Lumen area [μm ]
40 283
Luminal index
0.1±0.02
Arterial measurements
1 362 700±
2
Total area [μm ]
113 025
173 588±
2
Lumen area [μm ]
72 341
Luminal index
0.15±0.05

Preeclampsia
p-value
(n=45)
31 841 801±
3 320 129
5 051 625±
401 758
0.2±0.02
1 426 333±
104 430
26 859±
4403
0.02±0.003

<0.001

*

<0.001

*

0.005

*

0.681
0.032

*

0.004

*

*Significant p-value <0.05 for t-test.

Histological analysis
Light microscopic examination of the human UC
sections taken from control group revealed the presence
of two arteries and one vein, which are embedded within
Wharton’s jelly. The surface of the cord is covered by a
single layer of amniotic epithelium. The Wharton’s jelly
contained spindle-shaped cells embedded in matrix.
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The umbilical arteries have a double-layered muscular
wall entails inner longitudinal and outer circular smooth
muscle fibers (Figure 1A). The vein has an inner elastic
lamina and a single layer of circular smooth muscle.
Compared to the arteries, the veins have a larger diameter
and thinner muscular coat (Figure 1B). The umbilical
vessels are lined by endothelium with flattened pale
stained nuclei and resting on subendothelial connective
tissue (Figure 1C).
Light microscopic examination of the human UC
sections taken from preeclamptic group showed the
endothelium of umbilical vessels with areas of discontinuation and contained pyknotic darkly stained nuclei.
The smooth muscle layer of umbilical vessels showed
some areas of thickening. Pale stained areas of separations
between smooth muscle layers and in the subendothelial
connective tissue of the umbilical vessels and within
Wharton’s jelly were detected. Smooth muscle cell subendothelial infiltration was also noted (Figure 1, D–F).
Ultrastructural analysis
Electron micrograph of a cross-section of UC from
healthy pregnant women showed longitudinal and circular
smooth muscle cells with centrally located nucleus and
cytoplasm occupied by thin filaments and dense bodies.
In that location were no transverse striations (Figure 2,
A and B).
Electron micrograph of a cross-section of UC from
preeclamptic pregnant women showed the muscular layers
of the umbilical vessels with cellular infiltrations, edematous
disorganized smooth muscle cells, widened intercellular
spaces with collagen fibril deposition (Figure 2, C–E).
Immunohistochemical analysis
Light microscopic examination of the human UC
sections taken from the control group and stained with
anti-VEGF (Figure 3) and anti-VEGFR-1 (Figure 4)
proteins reveals moderate expression in the amniotic
epithelium, in the cells of the Wharton’s jelly and in the
endothelium and smooth muscular layers of the umbilical
vessels with greater expression in the amniotic epithelium
(Figure 3). In all specimens, immunoexpression was more
in the umbilical arteries than in the umbilical veins. PE
specimens showed stronger VEGF/VEGFR-1 immunoexpression compared to healthy specimens. On the other
hand, control specimens showed moderate expression of
VEGFR-2 in the vascular endothelium, smooth muscles,
Wharton’s jelly and in the amniotic epithelium, while
the preeclampsia specimens showed absent VEGFR-2
expression in the umbilical vessel wall and weak expression
in the Wharton’s jelly and in the amniotic epithelium
(Figure 5).
Statistical study of the image analysis data of all
specimens reveals that the mean area % of VEGF
expression is significantly higher in PE (16.6±0.1)
compared to healthier pregnancies (12±0.8) (p=0.001).
The mean area % of VEGFR-1 expression is significantly
higher in PE (20.5±2.5) compared to the healthy pregnancies
(9.5±1.2) (p=0.001). Nonetheless, the mean area % of
VEGFR-2 expression is significantly lower in PE (10.5±0.7)
compared to the healthy pregnancies (13.8±1.6) (p=0.043)
(Figure 6).
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Figure 1 – Cross-section of the wall of human umbilical cord vessels. Normal pregnancy specimens show: (A) Umbilical
artery (UA) inner longitudinal (IL) and outer circular (OC) muscle fibers surround a narrow lumen (L); (B) Umbilical
vein (UV) shows a single layer of circular muscle (CM) and an internal elastic lamina (arrowhead); (C) The endothelium
of the UA appears with flattened pale stained nuclei (arrowheads) and resting on subendothelial connective tissue (*).
Preeclampsia specimens show: (D) Umbilical artery (UA) with thickened wall and area of smooth muscle fibers
proliferation (arrow) containing wide spaced muscle cells; (E) Umbilical vein (UV) with thin wall, widened lumen and
spaces (arrows) are seen within muscle layer and surrounding Wharton’s jelly; (F) Endothelium of the UV is seen with
pyknotic darkly stained nuclei (arrowheads) and subendothelial smooth muscle cell infiltration (*). Multiple spaces
(arrows) are seen within the muscle layer. HE staining: insets ×40; (A, B, D and E) ×100; (C and F) ×1000.

Figure 2 – Electron micrograph of cross-section of the wall of human umbilical cord vessels: (A and B) Normal pregnancy
specimens show (A) longitudinal smooth muscle cells and (B) circular smooth muscle cells. They have centrally located
nucleus (N) and dense cytoplasmic bodies (arrows); (C–E) Preeclampsia specimens show muscular layer with cellular
infiltrations (I), edematous disorganized smooth muscle cells (M), widened intercellular spaces (S) with collagen fibrils
deposition (arrows). (A–C) ×6000; (D and E) ×9000.
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Figure 3 – Cross-section of umbilical artery (UA), umbilical vein (UV) and amniotic membrane (AM): (A–C) Control
specimens show moderate expression of VEGF in the vascular endothelium (arrowheads), smooth muscles (M),
Wharton’s jelly (W) and higher expression was observed in the amniotic epithelium (arrow); (D–F) Preeclampsia
specimens show stronger VEGF expression in vascular endothelium (arrowheads), smooth muscles (M), Wharton’s
jelly (W) and amniotic epithelium (arrow). Anti-VEGF immunostaining: (A, C and E) ×200; (B, D and F) ×400.

Figure 4 – Cross-section of umbilical artery (UA), umbilical vein (UV) and amniotic membrane (AM): (A–C) Control
specimens show moderate expression of VEGFR-1 in the vascular endothelium (arrowheads), smooth muscles (M),
Wharton’s jelly (W) and higher expression was observed in the amniotic epithelium (arrow); (D–F) Preeclampsia
specimens show stronger VEGFR-1 expression in the umbilical vessel wall and moderate expression in the Wharton’s
jelly (W) and in the amniotic epithelium (arrow). Anti-VEGFR-1 immunostaining: (A) ×100; (B, D and F) ×200;
(C and E) ×400.
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Figure 5 – Cross-section of umbilical artery (UA), umbilical vein (UV) and amniotic membrane (AM): (A–C) Control
specimens show moderate expression of VEGFR-2 in the vascular endothelium (arrowheads), smooth muscles (M),
Wharton’s jelly (W) and amniotic epithelium (arrow); (D–F) Preeclampsia specimens show absent VEGFR-2 expression
in the umbilical vessel wall and weak expression in the Wharton’s jelly (W) and in the amniotic epithelium (arrow).
Anti-VEGFR-2 immunostaining: (A) ×100; (B–F) ×200.

Figure 6 – Box plot analysis of area percent of VEGF,
VEGFR-1 and VEGFR-2 expression in the human
umbilical cord of normal pregnancy and preeclampsia.
Stars indicate significant differences (p<0.05).

 Discussion
Preeclampsia is the most common syndrome associated
with pregnancy and is known to affect the vascular system
of mother as well as the fetus. Assessment of maternal
disease during pregnancy as well as intrinsic fetal sickness
is facilitated via umbilical cord evaluation by different
methods because of its close relation to fetal development.
According to our results, women belonging to PE
had a shorter gestation period and delivered newborns
with lower birth weight. That may be ascribed to the
requirement of induction of labor in preterm and low
birth weight fetus by the maternal and fetal indications
in PE [14]. The fetal growth restriction and low weight

at birth in different diseases such as PE were reported as
a result of fetal adaptive responses.
The imbalance between endogenous regulators of
angiogenesis and compounds that modulate vascular tone
in the placenta and UC can lead to pregnancy complications
[14]. The subject area of endothelial and smooth muscle
cells of the UC vessels was reported to await for the
alterations involved in the functional vascular changes
[15]. Also, the measures of total vascular areas, luminal
areas and luminal indices of the umbilical vessels are
important from a research perspective as they are the
gateway to the fetus from the mother.
In the present work, degenerative changes were found
in the wall of umbilical vessels. The vascular endothelium
appeared with areas of discontinuation with the presence
of pyknotic darker stained nuclei. Also, spaces were
determined within the disorganized muscle layers and the
surrounding Wharton’s jelly. These findings are inconsistent with what’s described by Barnwal et al. [2] on the
umbilical vein from PE women. Loss of endothelial cell
integrity and endothelial dysfunction could be a key
pathogenic feature of PE with a resulting increase in
vascular permeability and is considered to underlie hypertension, proteinuria, and edema [16]. Along the other point
of view, the absence of vasa vasorum in the wall of
umbilical vessels enforces them to depend on their own
oxygen supply and so being more vulnerable to the
influence of hypoxia on the metabolism of both endothelial
and smooth muscle cells. Therefore, degenerative changes
could reflect the maternal hemodynamic circumstances
associated with PE leading to fetal hypoxia, fetal hypertension and a discontinuous umbilical blood flow [17].
In the current work, the smooth muscle layer of
umbilical arteries showed some areas of thickening with
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increased total vascular areas, luminal venous area and
luminal venous index. Similar findings were observed
by others [2], who proposed that the umbilical vein
compensates or increases the effective contractile units
only up to a certain limit of rise in pressure and with
further rise in luminal pressure, it is unable to recompense
and that could explain the dilatation and thinning of the
wall of umbilical vein in PE. The expansion in the
umbilical artery wall could be due to an increment in
both tunica intima and tunica media thickness. Some
studies [18, 19] mentioned various theories that hypoxia
alone in an autocrine mechanism acts as a stimulus on
smooth muscle cells to initiate proliferation. Similar
findings were observed in gestational diabetes; Chakraborty
et al. [20] found an increase in the cross-sectional area
of the Wharton’s jelly accompanied by the appearance of
numerous empty spaces within it, which might represent
a degenerative effect of diabetes mellitus.
Smooth muscle cell subendothelial infiltration was
observed in umbilical vessels of the PE group in the
current study. Migration of smooth muscle cells towards
the endothelium was accompanied by a splitting of internal
elastic lamina, leading to thickening of the tunica intima.
This migration is supposed to be due to augmentation of
sulphated glycosaminoglycans in UC arteries and reduced
expression of elastin. That might represent part of the
functional adaptation system of the UC arteries to the
altered hemodynamic conditions in PE [19]. That could
be attributed to VEGF, which act as a smooth muscle cell
chemotactant and stimulates smooth muscle cell proliferation [21] or through the combined actions of growth
factors, proteolytic agents, and extracellular matrix proteins
that are produced by a dysfunctional endothelium following
injury or hypoxia induce proliferation and migration of
resident smooth muscle cell from the media into the intima
leading to intimal hyperplasia [22].
Currently, VEGF expression was significantly elevated
in UC tissues of PE. That is in consistence with the finding
of Bates [8] on the maternal serum. VEGF has been
suggested to be involved in the pathogenesis of PE rather
than being an effect of the disease. Rapid placental vascularization observed in the second half of pig pregnancy
and is positively correlated with VEGF, which have a
stimulatory effect in the dynamically growing UC of the
pigs [23]. The levels of VEGF were reported to be
decreased with gestation and expression is exaggerated
in conditions of suggested hypoxia [8, 24]. Increased
VEGF expression and decreased occludin expression
caused increased permeability of the endothelial barrier.
VEGF might be affected in the generalized impairment of
endothelium dependent dilatation, which would increase
blood pressure in PE [3, 25].
In the current study, the human UC sections obtained
from PE pregnancies showed significant higher areas of
expression of VEGFR-1 compared to the healthy specimens.
Immunohistochemical staining enabled detection of VEGF–
VEGF receptor system, in the endothelium and tunica
media cells of the umbilical vessels and in allantoic duct
and amniotic epithelium on all analyzed days of gestation
[26]. That is in agreement with Helske et al. [27] who
observed that VEGFR-1 was increased in the placenta in
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PE and fetal growth restriction with strong immunoreaction in endothelial cells of villous capillaries. Padavala
et al. [28] reported that in intrauterine growth retardation
pregnancies, under restricted oxygen, placental angiogenic
potential is suppressed through the overproduction of
placental VEGFR-1. This may discourage normal placental
vascularization and impact on fetal growth. Interestingly,
they stated that measurements of cord reiterate a potential
inverse relationship between VEGF and VEGFR-1 in the
fetal circulation. Sung et al. [29] confirmed an increase
in VEGFR-1 as a potent inhibitor of VEGF in PE pregnancies. Shibuya [7] suggested that VEGFR-1 is strongly
antagonistic to VEGF and neutralizes its effects. Abnormal
elevation of circulating levels of the VEGFR-1 has been
widely accepted as a biomarker of PE and as a contributor
to the systemic endothelial dysfunction and clinical manifestations of the disease through inhibition of VEGF
activity causing failure of the vascular remodeling [29–
31]. Moreover, anti-VEGF therapies that either block
the extracellular binding of VEGF to its receptor (antiVEGF antibodies) or VEGF receptor inhibitors, became
an innovative target in the treatment of cancers through
angiogenesis suppression and leading to hypertension,
proteinuria similar to the phenomena seen in PE [32].
The significantly lower expression of VEGFR-2
detected in PE compared to healthy pregnancies is in
accordance with Tripathi et al. [33] suggested that the
reduced serum levels of soluble VEGFR-2 and the downregulated expression of membranous VEGFR-2 in placenta,
denoted abnormality in VEGF-mediated placental function
and thus VEGFR-2 may be a key factor, intimately associated with PE. They added that VEGFR-1 is considered
to be a ‘decoy’ receptor and VEGFR-2, the major mediator
of the mitogenic, permeability enhancing endothelial
survival effects of VEGF.
VEGFR-2 is believed to be the more important receptor
with regard to induction of increased microvascular permeability and for both physiological and pathological
angiogenesis [34, 35]. Although VEGFR-2 has lower
affinity for VEGF than VEGFR-1, VEGFR-2 exhibits
robust protein–tyrosine kinase activity in response to its
ligands [36]. Hence, VEGFR-2 plays a more important
functional role in mediating signaling events involved
in endothelial cell mitogenesis, migration, survival and
vascular permeability [37]. Endothelial cells are one source
of plasma soluble VEGFR-2 [38], which is differentially
expressed under hypoxia in smooth muscle cells [39].
Expression of the VEGF–VEGFR-2 system in UC
can be involved in vessel relaxation by interaction with
nitric oxide synthase pathways [23]. Takahashi et al. [40]
noticed that VEGFR-1 by itself does not generate a strong
signal for vascular permeability activity; it cooperates
with VEGFR-2 to significantly enhance the permeability
and is involved in several diseases.
 Conclusions
Modulation in the VEGF/VEGFR-1/VEGFR-2 system
expression in the umbilical cord tissues could have a role
in pathogenesis of PE through affecting the umbilical
vascular diameters. In PE specimens, there was a
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narrowing of the arterial luminal index, widening of the
venous luminal index, discontinuation in the vascular
endothelium and disorganization of the smooth muscles.
Increased VEGF/VEGFR-1 caused endothelial dysfunction
and failure of the vascular remodeling. Endothelial cell
dysfunction produced down-regulation of VEGFR-2 and
thus affecting the endothelial cell migration, survival and
vascular permeability.
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