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Summary 
Vascular endothelial growth factor (VEGF), a disulphide-linked homodimeric glycoprotein that is selectively mitogenic 
for endothelial cells, plays an important role in vasculogenesis and angiogenesis. Preeclampsia, a relatively common 
complication of pregnancy that is characterized by diffuse endothelial dysfunction possibly secondary to impaired 
trophoblast invasion of the spiral arteries during implantation, has recently been associated with alterations in maternal 
serum/plasma concentrations of VEGF, and other related growth factors and their receptors. We examined the 
relationship of maternal plasma VEGF, sVEGF-R1 and PlGF levels to the risk of preeclampsia among women 
delivering at Harare Maternity Hospital, Zimbabwe. 131 pregnant women with preeclampsia and 175 controls were 
included in a case-control study. Maternal plasma concentrations of each biomarker were measured using enzymatic 
methods. We used logistic regression to calculate odds ratios (OR) and 95 % confidence intervals (CI). Preeclampsia 
risk was inversely related with quartiles of plasma VEGF (OR: 1.0, 1.0, 0.7, and 0.5, with the lowest quartile as 
reference; p for trend = 0.06). We noted a strong positive association between preeclampsia risk and sVEGF-R1 
concentrations (OR: 1.0, 6.5, 9.7, 31.6, with the first quartile as the referent group; p for trend < 0.001). After adjusting 
for confounders, we noted that women with sVEGF-R1 concentrations in the highest quartile (≥ 496 pg/ml), as 
compared with those in the lowest quartile (< 62 pg/ml) had a 31.6-fold increased risk of preeclampsia (OR = 31.6, 
95 % CI 7.7-128.9). There was no clear evidence of a linear relation in risk of preeclampsia with PlGF concentrations. 
In conclusion, plasma VEGF, sVEGF-R1 and PlGF concentrations (measured at delivery) were altered among 
Zimbabwean women with preeclampsia as compared with normotensive women. Our results are consistent with some, 
though not all, previous reports. Prospective studies are needed to: 1) identify modifiable determinants of maternal plasma 
concentrations VEGF, sVEGF-R1, and PlGF; and 2) evaluate the temporal relationship between observed alterations of 
these biological markers in preeclamptic pregnancies. 
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Introduction 
 

Preeclampsia, a life-threatening complication of 
pregnancy, is characterized by the onset of high blood 
pressure and proteinuria. Undoubtedly the placenta is 
involved in the pathogenesis of preeclampsia since the 
syndrome is eradicated with the termination of 
pregnancy. The pathogenesis of preeclampsia is thought 
to involve three components: defective placentation, 
placental ischemia, and endothelial cell dysfunction 
(angiogenesis) leading to complications at the placental 
vascular level (Roberts and Lain 2002). Angiogenic 
syndrome may initiate as placental factors enter maternal 
circulation eventually causing endothelial cell 
dysfunction which leads to hypertension and proteinuria 
(Page et al. 2000, Maynard et al. 2003). 
 Angiogenesis is rare in adults with exceptions of 
the female reproductive tract and some pathological 
conditions (Folkman and Shing 1992, Folkman 1995, 
Gordon et al. 1995). Mammalian placenta requires 
extensive angiogenesis to establish a suitable vascular 
network for the supply of oxygen and nutrients to the 
fetus (King 1987). A variety of angiogenic growth factors 
from the vascular endothelial growth factors family such 
as vascular endothelial growth factor (VEGF), placental 
growth factor (PlGF) and soluble vascular endothelial 
growth factor receptor 1 (sVEGF-R1) are expressed in 
the placenta (Park et al. 1994, Cooper et al. 1995, Breier 
et al. 1995, Dumont et al. 1995, Vuckoviv et al. 1996). 
 Vascular endothelial growth factor (VEGF) 
(Ferrara and Henzel 1989), also known as vascular 
permeability factor (VPF) (Senger et al. 1983) is a 
homodimeric 34-42 KDa, heparin-binding glycoprotein 
with potent angiogenic, mitogenic and vascular 
permeability-enhancing activities specific for endothelial 
cells. The amino acid sequence of VEGF exhibits primary 
structural homology to the A and B chain of platelet-
derived growth factor (PDGF). A cDNA encoding a 
protein having 53 % amino sequence homology in the 
PDFG-like region of VEGF has been isolated from a 
human placental cDNA library (Maglione et al. 1991). 
This protein, named placental growth factor (PlGF) is 
now recognized to be a member of the VEGF family of 
growth factors (Schott and Morrow 1993, Ferrara et al. 
1992). VEGF expression has been found in activated 
macrophages (Fava et al. 1994), keratinocytes (Brown et 
al. 1992a), renal glomerular visceral epithelium (Brown 
et al. 1992b), hepatocytes (Monacci et al. 1993), aortic 
smooth muscle cells (Ferrara et al. 1991) and embryonic 

fibroblasts (Breier et al. 1992). In contrast to the 
widespread distribution of VEGF, the expression of PlGF 
is limited to placental tissue, choriocarcinoma cells and 
cultured endothelial cells (Maglione et al. 1991, 1993 
Hauser and Weich 1993). 
 Both PlGF and VEGF have been shown to be 
equipotent in stimulating tissue factor production and 
chemotaxis in monocytes (Clauss et al. 1996, Barleon et 
al. 1996). In comparison to VEGF, PlGF is a weak 
endothelial cell mitogen and chemoattractant (Park et al. 
1994, Cao et al. 1996). The VEGF/PlGF heterodimer has 
been shown to promote capillary growth in vivo and to 
chemoattract endothelial cells in vitro; VEGF/PlGF 
heterodimers also exhibit intermediate potency as an 
endothelial mitogen relative to the homodimeric forms of 
VEGF and PlGF (Cao et al. 1996, DiSalvo et al. 1995, 
Clauss et al. 1996, Barleon et al. 1996, Park et al. 1994). 
 The biological effects of the VEGF family 
members are mediated by members of the class III 
subfamily of receptor tyrosine kinases (RTKs). These 
contain seven immunoglobulin-like repeats in their 
extracellular domains (Mustonen and Alitalo 1995). At 
least three RTKs that bind various VEGF family 
members have been cloned, VEGF-R1 (Flt-1), VEGF-R2 
(KDR/Flt-1), and VEGF-R3 (Flt-4) (Shibuya et al. 1990, 
Pajusola et al. 1992, Seetharam et al. 1995, Sawano et al. 
1996). The human VEGF-R1 was originally discovered 
through the screening of a human placental cDNA library 
(Shibuya et al. 1990). PlGF has been shown to bind 
VEGF-R1 but not VEGF-R2 and VEGF-R3, with high 
affinity (Sawano et al. 1996). VEGF has been shown to 
bind both VEGF-R1 and VEGF-R2, but not VEGF-R3, 
with high affinity (Mustonen and Alitalo 1995, Joukov et 
al. 1996). A soluble form of VEGF-R1 (sVEGF-R1) has 
also been identified in culture medium conditioned by the 
growth of human umbilical vein endothelial cells 
(HUVECs); that is accomplished through an alternate 
splicing at the pre-mRNA level (Kendall and Thomas 
1993).  
 In this manuscript we examine the relationship 
among VEGF, sVEGF-R1 and PlGF and the risk of 
preeclampsia in a case-control study on plasma samples 
and clinical information from Sub-Saharan, African 
women. 
 
Material and Methods 
 

Subjects for this analysis were recruited between 
June 1995 and April 1996 as part of a case-control study 
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designed to study the epidemiology of preeclampsia and 
eclampsia among Zimbabwean women. Details regarding 
data collection methods have been previously described 
(Williams et al. 1998, 2003). During the study period, 
women diagnosed with eclampsia, preeclampsia, and 
normotensive women (controls) were recruited from the 
Labor and Delivery ward of the Harare Maternity 
Hospital, a University of Zimbabwe Medical School 
affiliated hospital. All 200 eligible cases that were 
approached agreed to participate in the study. Cases were 
comprised of 37 patients with eclampsia and 163 patients 
with preeclampsia. Of the 201 controls approached, 
200 agreed to participate in the study. The Medical 
Research Council of Zimbabwe and the Human Subjects 
Committee of the University of Washington Medical 
Center approved this investigation. All participants 
provided informed consent. 
 From the original study population of 163 
women with preeclampsia (according to the then-current 
ACOG 1996 diagnostic criteria) (ACOG 1996), we 
selected 131 cases (80 %) that had adequate amounts of 
plasma samples available for laboratory analyses. 
Preeclampsia was defined as persistent (6 or more hours) 
blood pressure of at least 140/90 mm Hg. Proteinuria was 
defined as urine protein concentration ≥ 30 mg/dl or more 
(or 1+ on a urine dipstick) in at least two random 
specimens collected at least 4 hours apart. Approximately 
97 % (157 of 180 normotensive subjects) with available 
plasma samples were available for inclusion in this 
analysis. There were too few eclampsia cases to study the 
relation between maternal plasma VEGF, sVEGF-R1 and 
PlGF concentrations and eclampsia risk. In addition, 
since magnesium which is used for management of 
eclampsia, has been shown to influence angiogenesis 
through regulation of VEGF (Lapidos et al. 2001), we 
excluded eclampsia cases from this analysis. 

A structured interview questionnaire, 
administered during participants’ postpartum hospital 
stay, was used to collect information on maternal 
sociodemographic, medical, reproductive and life style 
characteristics during in-person interviews. Maternal and 
infant records were reviewed to collect detailed 
information concerning antepartum, labor and delivery 
characteristics as well as conditions of the newborn. 
Maternal anthropometric measures (height, weight and 
mid-arm circumference) were taken during participants’ 
postpartum hospital stay. Maternal non-fasting, blood 
samples, collected after delivery in EDTA-containing 

blood collection tubes, were immediately processed 
where plasma was separated in a refrigerated centrifuge. 
Aliquots of maternal plasma were stored at –70 °C until 
analysis. VEGF, sVEGF-R1, and PlGF concentrations 
were determined using enzyme-linked immunosorbent 
assay (ELISA) procedures, reagents and standards 
according to manufacturer specifications (R&D Systems, 
Minneapolis, MN). According to the manufacturer, the 
minimal detectable concentrations for sVEGF-R1, PlGF 
and VEGF were 5, 7 and 5 pg/ml, respectively. For all the 
assays, the intra- and inter-assay coefficients of variation 
were less than 8 %. All laboratory assays were performed 
without knowledge of the case or control status.  
 Frequency distributions of maternal 
sociodemographic characteristics, medical and 
reproductive histories according to each case and control 
status were examined. Student’s t-test was used to test 
mean differences in maternal plasma concentrations of 
each analyte between cases and controls. To estimate the 
relative association between preeclampsia and 
concentrations of plasma analytes, we categorized each 
subject according to quartiles determined by their 
distribution in normotensive control subjects. Using the 
lowest quartile category of each analyte (e.g. VEGF) for 
the reference group, odds ratios (OR) and 95 % 
confidence intervals (CI) were estimated for each of the 
remaining three quartiles. Logistic regression procedures 
were used to calculate maximum likelihood estimates for 
the coefficients and their standard errors were used for 
calculating the odds ratios and 95 % confidence intervals, 
adjusted for confounders (Rothman and Greenland 1998). 
In multiple logistic regression models, the significance 
for a monotonic trend was assessed by treating the four 
quartiles as a continuous variable after assigning a score 
(e.g. 1, 2, 3, 4 for each successive quartile) as its value. 
To avoid confusion, we entered variables into a logistic 
regression model one at a time. We then compared the 
adjusted and unadjusted ORs. Final logistic regression 
models included covariates that altered unadjusted ORs 
by at least 10 %, as well as maternal age and parity. We 
also explored the possibility of a nonlinear relation 
between each plasma analyte and preeclampsia risk using 
generalized additive modeling (GAM) procedures (Hastie 
and Tibshirani 1990) by using S-PLUS (version 6.1, 
Insightful Corp 2002). All other analyses were performed 
using Stata 7.0 statistical software (Stata, College Station, 
TX). All reported p-values are two-tailed. 
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Table 1. Distribution of preeclampsia cases and normotensive control subjects according to selected characteristics (Harare, Zimbabwe 
1995-1996). 
 

 
  Preeclampsia Cases Control Subjects 
  (n = 131) (n = 175) 
Characteristic n % n % 
 
 
Maternal age (years) 
 < 19  11  8.4  25 14.3ƒ 
 19-34 101 77.1 139 79.4 
 ≥ 35  19 14.5  11  6.3 
Maternal age (years)*  25.6 ± 0.6  24.5 ± 0.4ƒ 
Unmarried  14 10.7  25 14.3 
Nulliparous  67 51.2 107 61.1 
Previous miscarriage  13  9.9  16  9.1 
Previous stillbirth  12  9.2  7  4.0ƒ 
Maternal body mass index (kg/m2)*  27.4 ± 0.4 25.2 ± 0.3ƒ 
Maternal body mass index (kg/m2)* 
  <19.9  0  0.0  3  1.7ƒ 
  20-24.9 46 35.1 92 52.6 
 25-29.9 47 35.9 63 36.0 
  ≥30 35 26.7 15  8.6 
  Missing 3 2.3  2  1.1 
Mid-arm circumference (cm)* 27.0 ± 0.3 25.2 ± 0.2ƒ 
Gestational age at delivery (weeks)* 36.4 ± 0.3 38.5 ± 0.2ƒ 

 
 
*Mean ± standard error of mean (S.E.M.). ƒp-value < 0.05 
 
 
Table 2. Plasma VEGF, PlGF and sVEGF-R1 and (pg/ml) concentrations among preeclamptic and normotensive pregnant women 
(Harare, Zimbabwe, 1995-1996). 
 
 

 Preeclampsia Cases Control Subjects Mann-Whitney 
Biomarker (n=131) (n=175) U test 
(pg/ml) Median [IQR*] Median [IQR] P-value* 

 
 
VEGF 10.9 [6.1 – 20.1] 13.6 [6.4 – 23.0] 0.09 
VEGF-R** 636.4 [302.8 – 1349.4] 222.8 [62.0 – 495.9] < 0.001 
 
PlGF*** 12.4 [8.9 – 20.9] 12.1 [7.2 – 25.8] 0.60 
Ratio of VEGF-R/ PlGF *** 46.0 [21.0 – 87.5] 15.8 [7.6 – 33.5] < 0.001 

 

 
*IQR = Intra-quartile range. ** Analysis limited to 128 cases and 173 controls. *** Analysis limited to 127 cases and 167 controls. 
  
 
Results 
 

Sociodemographic and medical characteristics of 
the study participants are presented in Table 1. Median 
VEGF concentrations tended to be lower in preeclamptic 
as compared with controls (Table 2). Median sVEGF-R1 
concentrations were higher in cases than in controls 
(p<0.001). 38.9 % of preeclampsia cases were at or above 
the median plasma concentration for VEGF. 80.9 % of 
cases were at or above the median plasma concentration 

for sVEGF-R1. No statistical difference in the median 
plasma PlGF concentration was noted for preeclampsia 
cases as compared with normotensive controls. 
 We evaluated the risk of preeclampsia with 
varying concentrations of maternal plasma VEGF, PlFG, 
and sVEGF-R1 (Table 3). There was evidence of a 
statistically significant inverse relation between maternal 
plasma VEGF concentrations and risk of preeclampsia. 
After adjusting for maternal age, nulliparity, adiposity, 
and gestational age at blood collection, women in the 
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highest quartile for VEGF (≥ 23.0 pg/ml) had a 50 % 
reduced risk of preeclampsia as compared with women in 
the lowest quartile (< 26.5 pg/ml) (adjusted OR = 0.5; 

95 % CI 0.2-1.1), though this association did not reach 
statistical significance. 

 
 
Table 3. Odds ratios (OR) and 95 % confidence intervals (CI) of preeclampsia according to quartile of maternal plasma VEGF, sVEGF-
R1 and PlGF concentrations, Harare, Zimbabwe, 1995-1996. 
 
 

Biomarker Preeclampsia Control 
Concentrations Cases Subjects Unadjusted Adjusted 
  n n OR (95 % CI) OR (95 % CI)†  
 
 
VEGF (pg/ml) 
Q1 < 6.5 34 44 1.0 (referent) 1.0 (referent) 
Q2 6.5 – 13.5 46 44 1.4 (0.7 - 2.5) 1.0 (0.5 - 2.0) 
Q3 13.6 – 22.9 27 44 0.8 (0.4 - 1.5) 0.7 (0.3 - 1.4) 
Q4 ≥ 23.0 24 43 0.7 (0.4 - 1.4) 0.5 (0.2 - 1.1) 
P-value for linear trend   0.16 0.06 
 
sVEGF-R1 (pg/ml) 
Q1 < 62.0  3 43 1.0 (referent) 1.0 (referent) 
Q2 62.0 – 222.8 19 44 6.2 (1.7 - 22.4) 6.5 (1.5 - 28.1) 
Q3 222.9 – 495.9 32 43 10.7 (3.0 - 37.5) 9.7 (2.3 - 40.6) 
Q4 ≥ 496.0 74 43 24.7 (7.2 - 84.3) 31.6 (7.7 - 128.9) 
P-value for linear trend   <0.001 <0.001 
 
Q1 < 62.0  3 43 1.0 (referent) 1.0 (referent) 
Decile 10 ≥ 874.4 49 18 39.0 (10.8 - 141.6) 56.7 (11.0 - 293.2) 
 
PlGF (pg/ml) 
Q1 < 7.3 16 42 1.0 (referent) 1.0 (referent) 
Q2 7.3 – 12.0 45 41 2.9 (1.4 – 5.9) 2.3 (1.0 – 5.1) 
Q3 12.1 – 25.8 43 43 2.6 (1.3 – 5.4) 1.8 (0.8 – 4.1) 
Q4 ≥ 25.9 23 41 1.5 (0.7 - 3.2) 1.3 (0.6 – 3.0) 
P-value for linear trend   0.53 0.85 
 
Ratio of sVEGF-R1/ PlGF 
Q1 < 7.6  4 42 1.0 (referent) 1.0 (referent) 
Q2 7.6 – 15.7 17 41 4.4 (1.3 - 14.0) 4.4 (1.2 - 16.8) 
Q3 15.8 – 33.4 30 43 7.3 (2.4 - 22.6) 8.9 (2.4 - 32.4) 
Q4 ≥ 33.5 76 41 19.5 (6.5 - 58.1) 24.9 (7.1 - 87.1) 
P-value for linear trend   <0.001 <0.001 
 
Q1 < 7.6  4 42 1.0 (referent) 1.0 (referent) 
Decile 10 ≥ 68.0 39 16 25.6 (7.9 - 83.2) 35.4 (7.5 - 166.2) 

 

 

† Adjusted for maternal age (continuous), nulliparity (yes/no), maternal adiposity, mid-arm circumference (continuous), and gestational 
age (continuous). 
 
 
 There was a very strong positive relation 
between plasma sVEGF-R1 and preeclampsia risk 
(adjusted p-value for linear trend in risk < 0.001). The 
odds ratio for suggestively higher quartiles with the 

lowest quartile (< 62.0 pg/ml) as the referent group, were 
as follows: 6.5, 9.7, and 31.6. Women in the highest 
quartile (≥ 496.0 pg/ml) had a 31.6-fold increased risk of 
preeclampsia as compared with women in the lowest 
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quartile (adjusted 95 % CI 7.7-128.9). To further evaluate 
the association between preeclampsia risk and extremely 
high plasma sVEGF-R1 concentrations, we identified 
those study subjects with concentrations falling in the 
highest decile of the control distribution (i.e. 49 cases and 
18 controls). For this analysis, women with VEGF 

concentrations in the lowest quartile were used as the 
referent group. Women with extremely high plasma 
sVEGF-R1 concentrations (≥ 874.4 pg/ml) had a 56.7-
fold increased risk of preeclampsia (adjusted OR = 56.7; 
95 % CI 11.0-293.2) as compared with women with 
concentrations in the lowest quartile. 

 
 

 
Fig. 1. Relationship between maternal plasma analytes, measured in postpartum blood samples and the log-odds of risk of 
preeclampsia (solid line), with 95 % confidence interval (dotted lines) for VEGF (a), sVEGF-R1 (b), PlGF (c), and sVEGF-R1/ PlGF ratio 
(d). 
 
 
 There was no clear pattern of a linear relation 
between the increased risk of preeclampsia with 
increasing concentrations of PlGF. Rather, visual 
inspection of the adjusted odds ratios (Table 3) suggested 
that the shape of the relation between preeclampsia risk 
and PlGF concentrations may be an inverted U-shaped. 
The adjusted odds ratios for each of the successive 
quartiles (lowest to highest were as follows): 
1.0 (referent), 2.3, 1.8 and 1.3. The p-value for a test of 
linear trend was 0.85, which is consistent with the 
absence of a linear trend in proportion of preeclampsia 
risk with maternal plasma PlGF concentrations. 
 As expected, when we assessed the ratio of 

maternal plasma sVEGF-R1 and PlGF concentrations, we 
found evidence of a strong positive relation between the 
ratio and preeclampsia risk (Table 3, bottom panel). The 
highest preeclampsia risk was found among those with 
ratio values in the top decile versus those in the lowest 
decile (adjusted OR = 35.4; 95 % CI 7.5-166.2). 
 We next sought to graphically explore the shape 
of the relation of preeclampsia risk in relation to each 
analyte. We modeled the risk of preeclampsia in relation 
to maternal plasma concentrations of each analyte 
expressed as a continuous variable using a generalized 
additive model (GAM). From these analyses, we noted an 
approximately inverse linear relation between the log-
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odds of preeclampsia and plasma VEGF concentrations 
above 50 pg/ml (Fig. 1a). There were too few subjects 
with higher plasma VEGF concentrations to explore the 
shape of the relation with any reasonable precision. We 
also noted a very strong monotonic increase in the log-
odds of preeclampsia risk with increasing concentrations 
of maternal plasma sVEGF-R1 (Fig. 1b). The shape of 
the curve appears to plateau beginning with 
concentrations above 1000 pg/ml. However, the numbers 
of subjects at that end of the curve was again low and 
95 % confidence intervals are wide, reflecting limited 
precision in this part of the curve. 
 When we assessed the shape of the relation 
between preeclampsia risk and PlGF concentrations we 
noted the presence of a non-linear (inverted U-shaped) 
relation between maternal plasma PlGF concentrations 
and the log odds of preeclampsia in this study population 
(Fig. 1c). Finally, we noted strong positive linear increase 
in the log odds of preeclampsia risk with increasing 
sVEGF-R1/PlGF ratio up to values of approximately 125; 
beyond this value, there were too few subjects thus the 
confidence intervals are wide (Fig. 1d). 
 
Discussion 
 

We found a decreased concentration of VEGF 
and increased concentration of sVEGF-R1 in the plasma 
from preeclamptic Sub-Saharan African patients 
compared with the controls. Maternal plasma PlGF 
concentrations were similar in both cases and controls. 
These findings agree with some but not all previous 
reports on these markers and preeclampsia risk.  
 In maternal blood from Turkish women with 
preeclampsia, plasma concentrations of VEGF were 
significantly lower than in normotensive patients 
(Madazli et al. 2003). In a Curacao, Antilles population 
investigators found decreased serum concentrations of 
VEGF in preeclamptic women compared to normal 
controls (Reuvekamp et al. 1999). In contrast, Belgian 
preeclampsia cases had increased concentrations of total 
VEGF compared with controls (Tsatsaris et al. 2003). 
VEGF concentrations were higher in Egyptian women 
with preeclampsia as compared with controls (El-Salahy 
et al. 2001). VEGF concentrations in the serum of 
German preeclamptic women were also significantly 
higher than in the control group (Bussen et al. 2003). 
 Our results of high concentrations of sVEGF-R1 
in plasma of preeclamptic women are consistent with 
those reported in the literature. sVEGF-R1 concentration 

in plasma from preeclamptic women was higher than in 
women with a normal pregnancy (Chaiworapongsa et al. 
2004, Levine et al. 2004). In agreement with this, it has 
also been shown that placentas from preeclamptic women 
produce higher concentrations of sVEGF-R1 in vitro as 
compared to controls (Zhou et al. 2002, Helske et al. 
2001). Interestingly, the increase of sVEGF-R1 
corresponds to a decrease of free VEGF and PlGF in the 
serum of patients with preeclampsia resulting in 
endothelial dysfunction (Levine et al. 2004). sVEGF-R1 
is a major contributor to the pathogenesis of 
preeclampsia. It has been shown in animal models that 
the administration of sVEGF-R1 induces hypertension, 
proteinuria and glomerular endotheliosis in pregnant rats 
(Maynard et al. 2003). However, sVEGF-R1 has been 
effectively used in other clinical settings. Experimental 
and clinical administrations of sVEGF-R1 have been 
successful in the prevention of neovasculogenesis and 
tumor growth (Yang et al. 2001, Chen et al. 2000, 
Stechschulte et al. 2001, Goldman et al. 1998). 
 PlGF concentration in plasma is significantly 
attenuated in pregnancies complicated by preeclampsia 
compared to the controls (Bersinger and Odegard 2004, 
Reuvekamp et al. 1999, Taylor et al. 2003, Levine et al. 
2004). Plasma PlGF concentrations in pregnant women 
rise steadily throughout pregnancy from the levels of 
non-pregnant women to the levels ten times higher after 
30 weeks of gestation (Krauss et al. 2004). It has been 
shown that the additive effect of low concentrations of 
PlGF combined with low concentrations of sex hormone 
binding globulin may lead to preeclampsia (Thadhani et 
al. 2004). 
 The quantification of both PlGF and sVEGF-R1 
has been used for their predictive value in women at high 
risk of preeclampsia in the first trimester of pregnancy 
(Thadhani et al. 2004). Some investigators have 
suggested that the ratio sVEGF-R1/PlGF may be 
predictive of preeclampsia risk (Levine et al. 2004). In 
our study, we evaluated preeclampsia risk in relation to 
the ratio sVEGF-R1/PlGF. In agreement with previous 
reports (Levine et al. 2004), preeclamptic patients in our 
study had a higher ratio sVEGF-R1/PlGF compared to 
controls. 
 The biological mechanisms for the observed 
associations of VEGF, sVEGF-R1 and PlGF are not 
completely understood, but it has been suggested the 
sVEGF-R1 participation as part of one of such 
mechanisms. Chung et al. (2004) found that the mRNA 
expression of three different VEGF isoforms were 
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increased, whereas the protein concentrations of two 
major VEGF isoforms detected were not altered in 
preeclamptic placentas compared to normal placentas. 
However, VEGF proteins were elevated in the plasma of 
preeclamptic patients. The increase of both VEGF protein 
in plasma and mRNA expression in placenta while the 
placental VEGF protein expression remains at the same 
level as in normal placentas is suggestive of a rapid 
binding of VEGF to sVEGF-R1 and their transport into 
the circulation. In the same study, sVEGF-R1 protein was 
found to be increased in preeclamptic placentas compared 
to normal placentas. Hence, higher concentrations of 
sVEGF-R1 may contribute to the higher VEGF 
concentrations in the maternal circulation, while local 
VEGF protein concentrations in preeclamptic placentas 
are maintained at the same concentration as normal 
placentas. This is consistent with the observation that 
natural and recombinant sVEGF-R1 bind PlGF and 
VEGF with high affinity (Kendall et al. 1996), hence 
natural sVEGF-R1 acting as a VEGF/PlGF antagonist in 
vivo (Kendall and Thomas 1993). Further similar 
differential expression studies should be done on 
preeclamptic placentas from patients with low VEGF 
concentrations in the plasma. 

The degree and extent of organ damage in 
disease states may account for the variability of VEGF 
concentrations in plasma. It has been documented that the 
source of VEGF, sVEGF-R1 and PlGF in preeclamptic 
women is mainly the placenta (Chung et al. 2004). 
However, VEGF concentrations may be altered 
secondary to renal dysfunction, alterations of other 
organs and cell activation (Fava et al. 1994, Brown et al. 
1992a,b, Monacci et al. 1993, Roes et al. 2004). 
 Differences in study design, limited statistical 
power, differences in population characteristics such as 
maternal age, race/ethnicity, severity of preeclampsia and 
timing of blood collection are likely to have contributed 
to the variability of results in various studies. 

Methodological limitations including failure to adjust for 
variability in gestational age at blood collection, and 
technical differences in laboratory analytical procedures 
and reagents (Levine et al. 2004), may all have also 
contributed to inconsistencies in results from previous 
studies. Variations in gestational age-specific plasma 
volume expansion, for instance, have generally not been 
accounted for in most previous studies. We adjusted for 
gestational age at blood collection as a means to control 
maternal plasma volume expansion. 
 An important limitation must be considered 
when interpreting our results. Because maternal blood 
samples were collected when preeclampsia became 
clinically evident, we cannot determine whether the 
observed associations between maternal plasma 
concentrations of the analytes may be attributable to 
disease-related alterations or whether the alterations in 
plasma analyte concentrations are casually related to 
preeclampsia. Findings of alterations of these analytes in 
plasma collected prior to the clinical diagnosis of 
preeclampsia (Levine et al. 2004) suggest that alterations 
in maternal plasma VEGF and sVEGF-R1 may be 
evident as early as at 21 weeks of gestation.  
 In summary, plasma VEGF, sVEGF-R1 and 
PlGF concentrations are altered among Zimbabwean 
women with preeclampsia as compared to normotensive 
women. Prospective studies are needed to evaluate the 
dynamic changes of these biological markers in maternal 
and fetal compartments in preeclamptic and normotensive 
pregnancies. 
 
Acknowledgements 
This research was supported by awards from the National 
Institutes of Health, Fogarty International Center  
(R03-TW-00981 and T37-TW-00049) and the National 
Institute of Child Health and Human Development  
(R01-HD-32562). 

 
References 
 
AMERICAN COLLEGE OF OBSTETRICIANS AND GYNECOLOGISTS: Hypertension in pregnancy. ACOG Techn 

Bull 219: 1-8, 1996. 
BARLEON B, SOZZANI S, ZHOU D, WEICH HA, MANTOVANI A, MARME D: Migration of human monocytes in 

response to vascular endothelial growth factor (VEGF) is mediated via the VEGF receptor flt-1. Blood 87: 
3336-3343, 1996. 

BERSINGER NA, ODEGARD RA: Second- and third-trimester serum concentrations of placental proteins in 
preeclampsia and small-for-gestational age pregnancies. Acta Obstet Gynecol Scand 83: 37-45, 2004. 



2005  PrPlasma VEGF in Preeclamptic and Normotensive Pregnant Women   619  
   
BREIER G, ALBRECHT U, STERRER S, RISAU W: Expression of vascular endothelial growth factor during 

embryonic angiogenesis and endothelial cell differentiation. Development 114: 521-532, 1992. 
BREIER G, CLAUSS M, RISAU W: Coordinate expression of vascular endothelial growth factor receptor-1 (flt-1) and 

its ligand suggest a paracrine regulation of murine vascular development. Dev Dyn 204: 228-239, 1995. 
BROWN LF, YEO KT, BERSE B, YEO TK, SENGER DR, DVORAK HF, VAN DE WATER L: Expression of 

vascular permeability factor (vascular endothelial growth factor) by epidermal keratinocytes during wound 
healing. J Exp Med 176: 1375-1379, 1992a. 

BROWN LF, BERSE B, TOGNAZZI K, MANSEAU EJ, VAN DE WATER L, SENGER DR, DVORAK HF, ROSEN 
S: Vascular permeability factor mRNA and protein expression in human kidney. Kidney Int 42: 1457-1461, 
1992b. 

BUSSEN S, RIEGER L, SUTTERLIN M, DIETL J: Plasma VEGF concentrations are increased in women with severe 
preeclampsia or HELLP syndrome. Z Geburtshilfe Neonatol 207: 101-106, 2003. 

CAO Y, CHEN H, ZHOU L, CHIANG MK, ANAND-APTE B, WEATHERBEE JA, WANG Y, FANG F, 
FLANAGAN JG, TSANG ML: Heterodimers of placenta growth factor/vascular endothelial growth factor. 
Endothelial activity, tumor cell expression, and high affinity binding to Flk-1/KDR. J Biol Chem 271: 3154-
3162, 1996. 

CHAIWORAPONGSA T, ROMERO R, ESPINOZA J, BUJOLD E, MEE KIM Y, GONCALVES LF, GOMEZ R, 
EDWIN S: Evidence supporting a role for blockade of the vascular endothelial growth factor system in the 
pathophysiology of preeclampsia. Am J Obstet Gynecol 190: 1541-1547, 2004. 

CHEN H, IKEDA U, SHIMPO M, MAEDA Y, SHIBUYA M, OZAWA K, SHIMADA K: Inhibition of vascular 
endothelial growth factor activity by transfection with the soluble FLT-1 gene. J Cardiovasc Pharmacol 36: 
498-502, 2000. 

CHUNG J-Y, SONG Y, WANG Y, MAGNESS RR, ZHENG J: Differential expression of vascular endothelial growth 
factor (VEGF), endocrine gland-derived VEGF, and VEGF receptors in human placentas from normal and 
preeclamptic pregnancies. J Clin Endocrinol Metab 89: 2484-2490, 2004. 

CLAUSS M, WEICH H, BREIER G, KNIES U, ROCKL W, WALTENBERGER J, RISAU W: The vascular 
endothelial growth factor receptor Flt-1 mediates biological activities. Implications for a functional role of 
placenta growth factor in monocyte activation and chemotaxis. J Biol Chem 271: 17629-17634 1996. 

COOPER JC, SHARKEY AM, MCLAREN J, CHARNOCK-JONES DS, SMITH SK: Location of vascular endothelial 
growth factor and its receptor, flt, in human placenta and decidua by immunochemistry. J Reprod Fertil 105: 
205-213, 1995. 

DISALVO J, BAYNE ML, CONN G, KWOK PW, TRIVEDI PG, SODERMAN DD, PALISI TM, SULLIVAN KA, 
THOMAS KA: Purification and characterization of a naturally occurring vascular endothelial growth 
factor.placenta growth factor heterodimer. J Biol Chem 270: 7717-7723, 1995. 

DUMONT DJ, FONG GH, PURI MC, GRADWOHL G, ALITALO K, BREITMAN ML: Vascularization of the mouse 
embryo: a study of flt-1, tek, tie, and vascular endothelial growth factor expression during development. Dev 
Dyn 203: 80-92, 1995. 

EL-SALAHY EM, AHMED MI, EL-GHARIEB A, TAWFIK H: New scope in angiogenesis: role of vascular 
endothelial growth factor (VEGF), NO, lipid peroxidation, and vitamin E in the pathophysiology of pre-
eclampsia among Egyptian females. Clin Biochem 34: 323-329, 2001. 

FAVA RA, OLSEN NJ, SPENCER-GREEN G, YEO KT, YEO TK, BERSE B, JACKMAN RW, SENGER DR, 
DVORAK HF, BROWN LF: Vascular permeability factor/endothelial growth factor (VPF/VEGF): 
accumulation and expression in human synovial fluids and rheumatoid synovial tissue. J Exp Med 180: 341-
346, 1994. 

FERRARA N, HENZEL WJ: Pituitary follicular cells secrete a novel heparin-binding growth factor specific for 
vascular endothelial cells. Biochem Biophys Res Commun 161: 851-858, 1989. 

FERRARA N, HOUCK K, JAKEMAN L, LEUNG DW: Molecular and biological properties of the vascular 
endothelial growth factor family of proteins. Endocr Rev 13: 18-32, 1992. 

FERRARA N, WINER J, BURTON T: Aortic smooth muscle cells express and secrete vascular endothelial growth 
factor. Growth Factors 5: 141-148, 1991. 



620   Muy-Rivera et al.  Vol. 54 
 
 
FOLKMAN J: Angiogenesis in cancer, vascular, rheumatoid and other diseases. Nat Med 1: 27-31, 1995. 
FOLKMAN J, SHING Y: Angiogenesis. J Biol Chem 267: 10931-10934, 1992. 
GOLDMAN CK, KENDALL RL, CABRERA G, SOROCEANU L, HEIKE Y, GILLESPIE GY, SIEGAL GP, MAO 

X, BETT AJ, HUCKLE WR, THOMAS KA, CURIEL DT: Paracrine expression of a native soluble vascular 
endothelial growth factor receptor inhibits tumor growth, metastasis, and mortality rate. Proc Natl Acad Sci 
USA 95: 8795-8800. 1998. 

GORDON JD, SHIFREN JL, FOULK RA, TAYLOR RN, JAFFE RB: Angiogenesis in the human female reproductive 
tract. Obstet Gynecol Surv 50: 688-697, 1995. 

HASTIE TJ, TIBSHIRANI RJ: Generalized Additive Models. Chapman-Hall, London, 1990. 
HAUSER S, WEICH HA: A heparin-binding form of placenta growth factor (PlGF-2) is expressed in human umbilical 

vein endothelial cells and in placenta. Growth Factors 9: 259-268, 1993. 
HELSKE S, VUORELA P, CARPEN O, HORNIG C, WEICH H, HALMESMAKI E: Expression of vascular 

endothelial growth factor receptors 1, 2 and 3 in placentas from normal and complicated pregnancies. 
Mol Hum Reprod 7: 205-210. 2001. 

JOUKOV V, PAJUSOLA K, KAIPAINEN A, CHILOV D, LAHTINEN I, KUKK E, SAKSELA O, KALKKINEN N, 
ALITALO K: A novel vascular endothelial growth factor, VEGF-C, is a ligand for the Flt4 (VEGFR-3) and 
KDR (VEGFR-2) receptor tyrosine kinases. EMBO J 15: 290-298, 1996. 

KENDALL RL, THOMAS KA: Inhibition of vascular endothelial cell growth factor activity by an endogenously 
encoded soluble receptor. Proc Natl Acad Sci USA 90: 10705-10709, 1993. 

KENDALL RL, WANG G, THOMAS KA: Identification of a natural soluble form of the vascular endothelial growth 
factor receptor, FLT-1, and its heterodimerization with KDR. Biochem Biophys Res Commun 226: 324-328, 
1996. 

KING BF: Ultrastructural differentiation of stromal and vascular components in early macaque placental villi. Am J 
Anat 136: 190-203, 1987. 

KRAUSS T, PAUER HU, AUGUSTIN HG: Prospective analysis of placenta growth factor (PlGF) concentrations in the 
plasma of women with normal pregnancy and pregnancies complicated by preeclampsia. Hypertens Pregnancy 
23: 101-111, 2004. 

LAPIDOS KA, WOODHOUSE EC, KOHN EC, MASIERO L: Mg++-induced endothelial cell migration: substratum 
selectivity and receptor-involvement. Angiogenesis 4: 21-28, 2001. 

LEVINE RJ, MAYNARD SE, QIAN C, LIM KH, ENGLAND LJ, YU KF, SCHISTERMAN EF, THADHANI R, 
SACHS BP, EPSTEIN FH, SIBAI BM, SUKHATME VP, KARUMANCHI SA: Circulating angiogenic 
factors and the risk of preeclampsia. N Engl J Med 350: 672-683, 2004. 

MADAZLI R, AYDIN S, ULUDAG S, VILDAN O, TOLUN N: Maternal plasma concentrations of cytokines in 
normal and preeclamptic pregnancies and their relationship with diastolic blood pressure and fibronectin 
concentrations. Acta Obstet Gynecol Scand 82: 797-802, 2003. 

MAGLIONE D, GUERRIERO V, VIGLIETTO G, DELLI-BOVI P, PERSICO MG: Isolation of a human placenta 
cDNA coding for a protein related to the vascular permeability factor. Proc Natl Acad Sci USA 88: 9267-9271, 
1991. 

MAGLIONE D, GUERRIERO V, VIGLIETTO G, FERRARO MG, APRELIKOVA O, ALITALO K, DEL VECCHIO 
S, LEI KJ, CHOU JY, PERSICO MG: Two alternative mRNAs coding for the angiogenic factor, placenta 
growth factor (PlGF), are transcribed from a single gene of chromosome 14. Oncogene 8: 925-931, 1993. 

MAYNARD SE, MIN JY, MERCHAN J, LIM KH, LI J, MONDAL S, LIBERMANN TA, MORGAN JP, SELLKE 
FW, STILLMAN IE, EPSTEIN FH, SUKHATME VP, KARUMANCHI SA: Excess placental soluble fms-
like tyrosine kinase 1 (sFlt1) may contribute to endothelial dysfunction, hypertension, and proteinuria in 
preeclampsia. J Clin Invest 111: 649-658, 2003. 

MONACCI WT, MERRILL MJ, OLDFIELD EH: Expression of vascular permeability factor/vascular endothelial 
growth factor in normal rat tissues. Am J Physiol 264: C995-C1002, 1993. 

MUSTONEN T, ALITALO K: Endothelial receptor tyrosine kinases involved in angiogenesis. J Cell Biol 129: 895-
898, 1995. 



2005  PrPlasma VEGF in Preeclamptic and Normotensive Pregnant Women   621  
   
PAGE NM, WOODS RJ, GARDINER SM, LOMTHAISONG K, GLADWELL RT, BUTLIN DJ, MANYONDA IT, 

LOWRY PJ: Excessive placental secretion of neurokinin B during the third trimester causes pre-eclampsia. 
Nature 405: 797-800, 2000. 

PAJUSOLA K, APRELIKOVA O, KORHONEN J, KAIPAINEN A, PERTOVAARA L, ALITALO R, ALITALO K: 
FLT4 receptor tyrosine kinase contains seven immunoglobulin-like loops and is expressed in multiple human 
tissues and cell lines. Cancer Res 52: 5738-5743, 1992. 

PARK JE, CHEN HH, WINER J, HOUCK KA, FERRARA N: Placenta growth factor. Potentiation of vascular 
endothelial growth factor bioactivity, in vitro and in vivo, and high affinity binding to Flt-1 but not to Flk-
1/KDR. J Biol Chem 269: 25646-25654, 1994. 

REUVEKAMP A, VELSING-AARTS FV, POULINA IE, CAPELLO JJ, DUITS AJ: Selective deficit of angiogenic 
growth factors characterises pregnancies complicated by pre-eclampsia. Br J Obstet Gynaecol 106: 1019-22. 
1999. 

ROBERTS JM, LAIN KY: Recent insights into the pathogenesis of preeclampsia. Placenta. 23: 359-372, 2002. 
ROES EM, STEEGERS EA, THOMAS CM, GEURTS-MOESPOT A, RAIJMAKERS MT, PETERS WH, SWEEP 

CG: High concentrations of urinary vascular endothelial growth factor in women with severe preeclampsia. Int 
J Biol Markers 19: 72-75, 2004. 

ROTHMAN KJ, GREENLAND S: Modern Epidemiology. Lippincott-Raven, Philadelphia, 1998, pp 311-316. 
SAWANO A, TAKAHASHI T, YAMAGUCHI S, AONUMA M, SHIBUYA M: Flt-1 but not KDR/Flk-1 tyrosine 

kinase is a receptor for placenta growth factor, which is related to vascular endothelial growth factor. Cell 
Growth Differ 7: 213-221, 1996. 

SCHOTT RJ, MORROW LA: Growth factors and angiogenesis. Cardiovasc Res 27: 1155-1161, 1993. 
SEETHARAM L, GOTOH N, MARU Y, NEUFELD G, YAMAGUCHI S, SHIBUYA M: A unique signal transduction 

from FLT tyrosine kinase, a receptor for vascular endothelial growth factor VEGF. Oncogene 10: 135-147, 
1995. 

SENGER DR, GALLI SJ, DVORAK AM, PERRUZZI CA, HARVEY VS, DVORAK HF: Tumor cells secrete a 
vascular permeability factor that promotes accumulation of ascites fluid. Science 219: 983-985, 1983. 

SHIBUYA M, YAMAGUCHI S, YAMANE A, IKEDA T, TOJO A, MATSUSHIME H, SATO M: Nucleotide 
sequence and expression of a novel human receptor-type tyrosine kinase gene (flt) closely related to the fms 
family. Oncogene 5: 519-524, 1990. 

STECHSCHULTE SU, JOUSSEN AM, VON RECUM HA, POULAKI V, MOROMIZATO Y, YUAN J, D'AMATO 
RJ, KUO C, ADAMIS AP: Rapid ocular angiogenic control via naked DNA delivery to cornea. Invest 
Ophthalmol Vis Sci 42: 1975-1979, 2001. 

TAYLOR RN, GRIMWOOD J, TAYLOR RS, MCMASTER MT, FISHER SJ, NORTH RA: Longitudinal serum 
concentrations of placental growth factor: evidence for abnormal placental angiogenesis in pathologic 
pregnancies. Am J Obstet Gynecol 188: 177-182, 2003. 

THADHANI R, ECKER JL, MUTTER WP, WOLF M, SMIRNAKIS KV, SUKHATME VP, LEVINE RJ, 
KARUMANCHI SA: Insulin resistance and alterations in angiogenesis: additive insults that may lead to 
preeclampsia. Hypertension 43: 988-992, 2004. 

TSATSARIS V, GOFFIN F, MUNAUT C, BRICHANT JF, PIGNON MR, NOEL A, SCHAAPS JP, CABROL D, 
FRANKENNE F, FOIDART JM: Overexpression of the soluble vascular endothelial growth factor receptor in 
preeclamptic patients: pathophysiological consequences. J Clin Endocrinol Metab 88: 5555-5563, 2003. 

VUCKOVIV M, PONTING J, TEMAN BI, NIKETIC V, SEIF MW, KUMAR S: Expression of the vascular 
endothelial growth factor receptor, KDR, in human placenta. J Anat 188: 361-366, 1996. 

WILLIAMS MA, MOHAMED K, FARRAND A, WOELK GB, MUDZAMIRI S, MADZIME S, KING IB, 
MCDONALD GB: Plasma tumor necrosis factor-alpha soluble receptor p55 (sTNFp55) concentrations in 
eclamptic, preeclamptic and normotensive pregnant Zimbabwean women. J Reprod Immunol 40: 159-173, 
1998. 

WILLIAMS MA, WOELK GB, KING IB, JENKINS L, MAHOMED K: Plasma carotenoids, retinol, tocopherols, and 
lipoproteins in preeclamptic and normotensive pregnant Zimbabwean women. Am J Hypertens 16: 665-672, 
2003. 



622   Muy-Rivera et al.  Vol. 54 
 
 
YANG W, ARII S, MORI A, FURUMOTO K, NAKAO T, ISOBE N, MURATA T, ONODERA H, IMAMURA M: 

sFlt-1 gene-transfected fibroblasts: a wound-specific gene therapy inhibits local cancer recurrence. Cancer Res 
61: 7840-7845, 2001. 

ZHOU Y, MCMASTER M, WOO K, JANATPOUR M, PERRY J, KARPANEN T, ALITALO K, DAMSKY C, 
FISHER SJ: Vascular endothelial growth factor ligands and receptors that regulate human cytotrophoblast 
survival are dysregulated in severe preeclampsia and hemolysis, elevated liver enzymes, and low platelets 
syndrome. Am J Pathol 160: 1405-1423, 2002. 

 
 
Reprint requests 
M. A. Williams, Center for Perinatal Studies, Swedish Medical Center, 747 Broadway (Suite 4 North), Seattle, WA 
98122. FAX (206) 386 3173. E-mail: mwilliam@u.washington.edu  
 


