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Circulating angiogenic factors in pregnancies complicated
by pre-eclampsia

BETSY VARUGHESE,  NEERJA BHATLA,  RANI KUMAR,  S. N. DWIVEDI,  RENU DHINGRA

ABSTRACT
Background. Pre-eclampsia is an inflammatory disorder

characterized by diffuse endothelial dysfunction possibly
secondary to impaired trophoblast invasion of the spiral
arteries during implantation. It is associated with alterations in
maternal serum concentrations of vascular endothelial growth
factor (VEGF), placental growth factor (PlGF) and soluble
fms-like tyrosine kinase-1 (sFlt-1). We did a case–control
study to ascertain whether pre-eclampsia is associated with
changes in serum concentrations of VEGF, PlGF and sFlt-1 in
Indian patients.

Methods. Serum samples were obtained from 40 women
with pre-eclampsia and 40 normotensive, non-proteinuric
pregnant women. The levels of VEGF, PlGF and sFlt-1 were
analysed using ELISA.

Results. In the sera of pregnant women with pre-eclampsia,
the levels of sFlt-1 were significantly higher than those in the
sera of normotensive, non-proteinuric pregnant women (median
11 295.25 v. 2936.2 pg/ml, p<0.0001), whereas there
was a significant reduction in the levels of free VEGF (mean
[SD] 170.53 [36.56] pg/ml v. 254.61 [47.39] pg/ml,
p<0.0001) and PlGF (mean [SD] 236.77 [93.70] pg/ml
v. 744.98 [168.55] pg/ml, p<0.0001).

Conclusion. An increase in sFlt-1 levels and a simultaneous
decrease in free VEGF and PlGF levels in the sera of women
with pre-eclampsia as compared with normotensive, non-
proteinuric pregnant women suggest that an imbalance between
the levels of these pro- and anti-angiogenic factors may have
a role to play in the pathogenesis of pre-eclampsia.
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INTRODUCTION
Pre-eclampsia, a life-threatening pregnancy-specific syndrome,
affects 5%–10% of pregnancies and is characterized by
hypertension and proteinuria.1 It occurs only in the presence of a
placenta and is eradicated with the termination of pregnancy.
Although the exact aetiology of pre-eclampsia remains unclear, it
has been suggested that endothelial dysfunction may play a major
role in its development.2,3 In pre-eclampsia, endovascular invasion
by the cytotrophoblast remains shallow, leading to a defective

uteroplacental circulation and subsequent placental ischaemia.4 A
hypoxic/ischaemic placenta may then release placental factors
into the maternal circulation eventually causing systemic
endothelial cell dysfunction and thereby contributing to renal,
cardiovascular and neurological symptoms.5 These placental
factors include vascular endothelial growth factor (VEGF),
placental growth factor (PlGF) and soluble vascular endothelial
growth factor receptor-1 (sVEGFR-1)/soluble fms-like tyrosine
kinase-1 (sFlt-1).

VEGF is a disulphide-linked homodimeric, heparin-binding
glycoprotein with a molecular weight of 34–42 kDa.6 It has potent
angiogenic, mitogenic and vascular permeability-enhancing
activities specific to endothelial cells. VEGF promotes endothelial
cell proliferation, migration7 and survival.8 It also promotes
neovascularization, reduces blood pressure and is crucial for the
formation and maintenance of the glomerular filtration barrier.9–11

Therefore, its deficiency could explain the main clinical
manifestations of pre-eclampsia such as hypertension, proteinuria
and oedema. VEGF exerts its biological effect through 2 high
affinity tyrosine kinase receptors: VEGF receptor-1 (VEGFR-1 or
fms-like tyrosine kinase-1/Flt-1) and VEGF receptor-2 (VEGFR-
2 or kinase domain receptor/KDR).12–14 VEGFR-1 has two isoforms:
a transmembranous and a soluble isoform. The soluble isoform is
generated by a splice variant of the Flt-1 gene and contains the
extracellular ligand-binding domain, and lacks the transmembrane
and cytoplasmic domains.15 This truncated form of Flt-1 binds
VEGF and PlGF in the circulation, preventing their interaction
with the endothelial receptors, thus antagonizing their action.16

sFlt-1 may not primarily be a receptor transmitting a mitogenic
signal, but rather a decoy receptor able to inhibit the activity of
VEGF on the vascular endothelium by preventing the binding of
VEGF to VEGFR-2.7

Another ligand for VEGFR-1 is PlGF, which belongs to the
same family and shares 53% homology with VEGF.17 At
physiological concentrations, it has been shown to be a very weak
stimulator of endothelial cell chemotaxis and proliferation.18 On
the other hand, PlGF potentiates the action of low doses of
VEGF15 on microvascular endothelial cells. PlGF binds VEGFR-1/
Flt-1 but not VEGFR-2/KDR19 and results in non-branching
angiogenesis.20

Accumulating evidence suggests that a balance between VEGF,
PlGF (pro-angiogenic factors) and sVEGFR-1/sFlt-1 (anti-
angiogenic factor) is essential for effective angiogenesis,
vasculogenesis and placental development during pregnancy. An
imbalance in the pro- and anti-angiogenic factors in serum is
involved in the pathophysiology of pre-eclampsia.21 Therefore, a
combined analysis of the circulating pro- and anti-angiogenic
factors would be useful in patients with pre-eclampsia. Moreover,
the incidence of pre-eclampsia varies across the world and this
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may be due to geographical, social, economic and racial
differences.22 Variation in the levels of angiogenic factors among
different populations has been reported.23–26 These variations
could also influence the levels of many functional biomarkers
such as angiogenic factors. Thus, it is important to analyse the
baseline values of angiogenic factors in a given population so as
to determine the threshold value for predicting disease. The
threshold values of these factors have not been reported in the
Indian population. Hence, we conducted a case–control study to
determine whether pre-eclampsia is associated with changes in
the serum concentrations of sFlt-1, VEGF and PlGF in the Indian
population.

METHODS
Study design
Patients (cases and controls) were selected from the antenatal
clinic and the inpatient ward of the Department of Obstetrics and
Gynaecology, All India Institute of Medical Sciences, New Delhi,
India between October 2007 and October 2008. The study included
40 women with pre-eclampsia and 40 women with a normal
pregnancy who were matched for maternal age, gestational age
and parity at the time of blood sampling. Gestational age was
established based on the date of the last menstrual period and/or
ultrasonographic examination before 20 weeks of gestation. Pre-
eclampsia was defined according to the research definition criteria
of the International Society for the Study of Hypertension in
Pregnancy (ISSHP)27—systolic and diastolic blood pressures above
140 and 90 mmHg, respectively, on at least 2 consecutive
measurements taken at least 4 hours apart after the 20th week
of gestation and accompanied by proteinuria (>300 mg/L in a
24-hour urine collection/>1+ on a urine dipstick). Patients with
chorioamnionitis, chronic hypertension, pregestational hyper-
tension, renal disease, cardiac disease, asthma, diabetes, thyroid
disease and epilepsy were excluded from the study. Normotensive,
non-proteinuric pregnant women without any other medical
complication were enrolled as the control group. This study was
approved by the Institutional Ethics Committee and written
informed consent was obtained from all the women enrolled in the
study. All enrolled women were included in the final analysis.

Immunoassay procedures

Blood was obtained from women with pre-eclampsia (soon after
the clinical manifestation of the disease) and from matched
controls. Venepuncture was performed, the blood was collected
and centrifuged at 3000 rpm for 20 minutes and the serum was
then stored in aliquots at –20 ºC. sFlt-1, VEGF and PlGF were
measured by a sandwich-type enzyme-linked immunosorbent
assay (ELISA; Quantikine® human sVEGF R 1, Quantikine®

human VEGF, Quantikine® human PlGF, R&D Systems Inc.,
Minneapolis, MN, USA). The minimum detectable level of the
assay ranged from 1.5 to 13.3 pg/ml for sFlt-1, 7 pg/ml for VEGF
and 9 pg/ml for PlGF. The intra-assay and inter-assay variations
were 3.8% and 7% for sFlt-1, 4.5% and 7% for VEGF and 3.6%
and 11% for PlGF, respectively.

Statistical analysis

Quantitative variables such as systolic blood pressure, diastolic
blood pressure, body mass index, sFlt-1, VEGF and PlGF were
compared using the paired t-test/Wilcoxon sign rank test.
Correlation of the angiogenic factors (sFlt-1/VEGF/PlGF) with
systolic and diastolic blood pressure was done using Pearson
correlation/Spearman correlation. The result was considered to be

statistically significant at 5% level of significance (p<0.05).
Statistical analysis was performed using the statistical package
Strata 9.

RESULTS
The systolic and diastolic blood pressures were significantly
higher in women with pre-eclampsia than in normotensive, non-
proteinuric pregnant women (Table I). The body mass index was
also significantly higher in women with pre-eclampsia compared
to controls. Patients with pre-eclampsia had a higher serum
concentration of sFlt-1 (median 11 295.25 pg/ml, range 2936.2–
37 818 pg/ml) than controls (median 2893.20 pg/ml, range
1180.43–6706.6 pg/ml, p<0.0001; Fig. 1). The serum VEGF
levels were significantly lower in women with pre-eclampsia than
in controls (mean [SD] 170.53 [36.55] pg/ml v. 254.61 [47.39]
pg/ml, p<0.0001; Fig. 2). The levels of serum PlGF were also
significantly lower in women with pre-eclampsia than in controls
(mean [SD] 236.77 [93.70] pg/ml v. 744.98 [168.55] pg/ml,
p<0.0001; Fig. 3).

In women with pre-eclampsia, there was a significant positive
correlation between the serum concentrations of sFlt-1 and blood
pressure (systolic blood pressure, r=0.890, p<0.0001 and diastolic
blood pressure, r=0.874, p<0.0001; Fig. 4), whereas a significant
negative correlation was found between the serum concentrations
of free VEGF and blood pressure (systolic blood pressure,
r = –0.738, p<0.0001 and diastolic blood pressure, r = –0.667,
p<0.0001; Fig. 5). In these women, there was also a negative
correlation between serum concentrations of PlGF and blood
pressure (systolic blood pressure, r = –0.739, p<0.0001 and
diastolic blood pressure, r = –0.739, p<0.0001; Fig. 6).

TABLE I. Clinical characteristics of cases and controls at enrolment

Characteristic Cases (n=40) Controls (n=40) p value*

Systolic blood 153.8 (10.3) 113.2 (5.43) 0.0001
pressure (mmHg)
Diastolic blood 100.8 (8.3) 75.2 (5.08) 0.0001
pressure (mmHg)
BMI 24.91 (4.75) 22.85 (3.5) 0.01

*compared using paired t-test BMI body mass index All values are mean (SD)
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FIG 1. Box plots showing serum levels of soluble fms-like
tyrosine kinase-1 (sFlt-1). Boxes denote the interquartile range
with the upper and lower horizontal edges representing the 75th
and 25th percentiles, respectively. The central horizontal lines
represent the medians. *p<0.05
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A similar pattern was found in the control group. A significant
positive correlation was found between the serum concentrations
of sFlt-1 and blood pressure (systolic blood pressure, r=0.759,
p<0.0001 and diastolic blood pressure, r=0.828, p<0.0001),
whereas a significant negative correlation was found between the
serum concentration of free VEGF and blood pressure (systolic
blood pressure, r=–0.683, p<0.0001 and diastolic blood pressure,
r=–0.574, p<0.0001). There was also a negative correlation
between the serum concentration of PlGF and blood pressure
(systolic blood pressure, r=–0.664, p<0.0001 and diastolic blood
pressure, r=–0.711, p<0.0001) in this group.

DISCUSSION
Pre-eclampsia has been found to be associated with alterations in
maternal serum concentrations of anti-angiogenic (sFlt-1) and
pro-angiogenic factors (VEGF and PlGF).2,28,29

Our results support earlier findings that demonstrate the impact
of the VEGF system in pre-eclampsia.30 Previous data emphasize
the elevation of serum concentration of sFlt-1, which binds to the
pro-angiogenic proteins VEGF and PlGF, preventing their
interaction with endothelial receptors.2,31,32 We found significantly
increased concentrations of sFlt-1 in the sera of women with pre-
eclampsia compared with the sera of normotensive, non-proteinuric
pregnant women (Fig. 1). One possible reason for this is the effect
of inadequate perfusion on the growth of the foeto-placental unit,
which may lead to an increase in serum sFlt-1 concentrations.
Previous studies indicate that the source of the serum sFlt-1 is
likely to be the placenta. Clark et al. demonstrated that both the
membranous and soluble forms of Flt-1 were detectable in the
placenta, and that sFlt-1 protein could be found in the supernatant
from explants of placental villi, suggesting that sFlt-1 could be
released into the intervillous space.33 Therefore, the increased
concentration of sFlt-1 in the circulation may act as a decoy
receptor and prevent VEGF from binding to its signalling receptors
VEGFR-2/KDR.16 Indeed, the sFlt-1 concentrations obtained
from cytotrophoblast-conditioned medium were higher in tissues
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FIG 2. Bar diagram showing serum levels of vascular endothelial
growth factor (VEGF). Values are mean (SD). Error bars
represent standard deviation. *p<0.05
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FIG 3. Bar diagram showing serum levels of placental growth
factor (PlGF). Values are mean (SD). Error bars represent
standard deviation. *p<0.05
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FIG 4. Scatter plot showing positive correlation of serum levels of
soluble fms-like tyrosine kinase-1 (sFlt-1) with systolic (SBP)
and diastolic blood pressure (DBP) in women with pre-eclampsia
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obtained from women with pre-eclampsia than from those with
normal pregnancies.30 The administration of sFlt-1 in pregnant
rats resulted in hypertension, proteinuria and glomerular endo-
theliosis.3 Experimental and clinical administration of sFlt-1 has
been successful in preventing neovasculogenesis and tumour
growth.34–37 These data support the hypothesis that elevated levels
of sFlt-1 may induce pre-eclampsia but are not a consequence of
it. The elevation of sFlt-1 levels in serum may diminish the effect
of VEGF, thereby contributing to endothelial cell dysfunction in
the maternal circulation.
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for endothelial cells to survive for prolonged periods and to
function properly.43 Thus, a decrease in the concentration of free
VEGF in the serum of women with pre-eclampsia may lead to
endothelial cell dysfunction in the maternal circulation. Therefore,
when serum levels of sFlt-1 rise, their binding with VEGF and
PlGF may reduce the circulating (or free) VEGF and PlGF levels
below a critical threshold required for vasculogenesis and
maintenance of the established vasculature during pregnancy.
Hence, a balance between sFlt-1, VEGF and PlGF is carefully
regulated in normal pregnancy because of the high level of
angiogenesis that is necessary to maintain a successful pregnancy.28

We noted a 4-fold increase in the serum concentration of
sFlt-1 in women with pre-eclampsia compared with the control
group. In contrast, the serum levels of VEGF and PlGF in patients
with pre-eclampsia compared with the control group were
decreased to one-third and one-half, respectively. The serum
concentration of sFlt-1 rises much higher in women with pre-
eclampsia and attains a peak by the end of the second trimester or
early in the third trimester, usually 5–6 weeks before the clinical
diagnosis of the disease.2 In contrast, the PlGF level decreases
throughout pregnancy.44 Some investigators have suggested that
the quantification of both sFlt-1 and PlGF in the early second
trimester of pregnancy may be used for their predictive value in
women at high risk for pre-eclampsia.

Several lines of evidence indicate a variation in the levels of
angiogenic factors in different populations. 23–26 Indian patients
with hypertension (SBP/DBP: 153.8/100.8 mmHg) have much
higher sFlt-1 values as compared with Korean patients (11 295.25
v. 934.5 pg/ml) with high blood pressure (SBP/DBP: 170/109.5
mmHg).5 The variation in these values among different populations
necessitates a prospective longitudinal study on larger cohorts to
determine the threshold value for predicting the disease in Indian
patients.

We also found that some women with pre-eclampsia have
sFlt-1 levels similar to those of normotensive, non-proteinuric
pregnant women. Such patients had a late onset of mild pre-
eclampsia (>37 weeks): blood pressure of <150/100 mmHg and
proteinuria <2+. Our findings are consistent with the findings of
Chaiworapongsa et al.15 who demonstrated that sFlt-1 levels were
much higher in early-onset than in late-onset pre-eclampsia. Since
angiogenic factors are of placental origin, they are present in the
serum of women with pre-eclampsia as well as in normotensive
pregnant women. However, the levels of these factors vary,
depending on the time of clinical onset of the disease as well as its
severity. Data from laboratories in the USA show that a large
number of samples from women with a normal pregnancy and pre-
eclampsia have similar values of angiogenic factors. Among the
spectrum of women who have pre-eclampsia, there are women
with a healthy endothelium who will require high concentrations
of sFlt-1 to produce the disease. The other set of women who have
some predisposing factors for vascular disease (diabetes, obesity)
or pre-existing vascular disease can get pre-eclampsia even at
lower concentrations of sFlt-1.45

In conclusion, our data suggest that, compared with
normotensive, non-proteinuric pregnant Indian women, women
with pre-eclampsia have increased sFlt-1 and decreased free
VEGF and PlGF levels. This suggests that sFlt-1 could be one of
several factors contributing to the pathophysiology of pre-
eclampsia, possibly through modulation of the effects of VEGF
on the formation of placental vasculature and maternal endothelial
cell function. Further prospective studies could be planned on a
larger number of Indian patients to determine whether alterations
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FIG 5. Scatter plot showing negative correlation of serum levels of
vascular endothelial growth factor (VEGF) with systolic (SBP)
and diastolic blood pressure (DBP) in women with pre-eclampsia

SBP

DBP

Linear (SBP)

Linear (DBP)

VEGF (pg/ml)

100 200 300

B
lo

od
 p

re
ss

ur
e 

(m
m

H
g)

200

150

100

50

0

FIG 6. Scatter plot showing negative correlation of serum levels of
placental growth factor (PlGF) with systolic (SBP) and diastolic
blood pressure (DPB) in women with pre-eclampsia
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We also observed a significant decrease in the concentrations
of free VEGF and PlGF in the sera of women with pre-eclampsia
compared with the sera of normotensive, non-proteinuric pregnant
women by the sandwich ELISA technique. In contrast, some other
studies have reported an elevation of circulating total VEGF in the
sera of women with pre-eclampsia compared with that of normal
pregnant women. This discrepancy could be due to the fact that
total VEGF protein (bound and unbound) cannot be detected by
sandwich-type ELISA.38,39 Earlier studies that reported a decreased
concentration of VEGF used an ELISA kit which measures free
(unbound) VEGF,39 whereas studies that reported an increased
concentration of VEGF in pre-eclampsia used either a
radioimmunoassay or an ELISA system measuring total (bound
and unbound) VEGF.40–42 VEGF is important in regulating the
blood pressure and in maintaining the integrity of the glomerular
filtration barrier.3 An adequate and organized interaction of
VEGF with its receptors is essential for normal placental
development and function, as well as maintenance of the established
maternal vasculature. Continuous low levels of VEGF are required
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in these angiogenic factors could specifically identify women at
risk for developing severe, early-onset pre-eclampsia. Such studies
could also help in identifying the potential of these factors to act
as screening markers for pre-eclampsia.
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