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the role of angiogenic, anti-angiogenic and vasoactive 
factors in pre-eclamptic african women: early- versus 
late-onset pre-eclampsia
LUCINDA GOvENDER, IRENE MACKRAJ, PREM GAThIRAM, JACK MOODLEy

abstract
The pathogenesis and aetiology of pre-eclampsia (PE) is 
still unclear. We investigated the role of angiogenic, anti-
angiogenic and vasoactive factors in black South African 
women with early- and late-onset PE. Serum soluble fms-like 
tyrosine kinase 1 (sFlt-1), soluble vascular endothelial growth 
factor (VEGF) and placental growth factor (PlGF) levels 
were determined using the ELISA technique, and placental 
mRNA expression levels of sFlt-1, VEGF, PlGF and AT1 
receptors were determined using real-time PCR. 

Serum sFlt-1 levels were significantly elevated and PlGF 
significantly reduced in early-onset PE compared to the 
normotensive group. Placental VEGF mRNA expression 
levels were significantly reduced in the late-onset pre-
eclamptic group compared with the normotensives. The 
placental mRNA expression of AT1 receptor in the late-onset 
pre-eclamptic group was relatively raised compared to the 
normotensives, suggesting hypersensitivity to pressor agents.

We believe that the excess of serum sFlt-1 and reduced 
VEGF and PlGF levels favour an anti-angiogenic state and 
endothelial dysfunction leading to PE, and that the aetiology 
and pathogenesis of early- and late-onset PE differ.
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Pre-eclampsia (PE) is a pregnancy-specific syndrome that causes 
substantial maternal, foetal and neonatal morbidity and mortality 
worldwide.1,2 It is characterised by new-onset hypertension and 
significant proteinuria after 20 weeks of gestation, and the 
remission of these signs following delivery. 

Despite years of research, the exact aetiology of PE remains 
unknown.3 Much is, however, known about its underlying 
pathophysiology.4 It is recognised that PE is a multi-systemic 
syndrome, affecting several organ systems and is posited 
to occur in two stages. Stage 1 comprises reduced placental 
perfusion, which is postulated as the root cause that leads to stage 
2; the maternal syndrome.5 The cause of the reduced perfusion 
and the mechanism by which this is translated into the maternal 
syndrome are still being investigated. The link between stages 1 
and 2 may be the key to understanding and eventually treating PE. 

It is believed that placental ischaemia during stage 1 may lead 
to placental production of a soluble factor or factors that cause 
maternal endothelial dysfunction.1,6 One such anti-angiogenic 
factor is soluble fms-like tyrosine kinase 1 (sFlt-1), a soluble 
vascular endothelial growth factor (VEGF) receptor 1, which 
has binding sites for soluble VEGF and placental growth factor 
(PlGF). Therefore, excessive production of sFlt-1 in PE results in 
a concomitant reduction of free, circulating angiogenic factors, 
VEGF and PlGF.7-9 

When the maternal endothelium is deprived of these angiogenic 
factors (VEGF and PlGF) and in the presence of excess anti-
angiogenic factors such as sFlt-1, it becomes dysfunctional and 
leads to the clinical syndrome of hypertension and proteinuria.1,10 
In addition to an imbalance between angiogenic and anti-
angiogenic factors, the renin–angiotensin system (RAS) has also 
been implicated in the pathogenesis of PE.11-13 

Most studies on angiogenic/anti-angiogenic factors, however, 
have been done in high-income countries. Furthermore, there 
may be racial variations in both the incidence of PE and the 
clinical features at presentation. For example, the incidence 
of PE is much higher in South Africa and it has a much more 
aggressive and rapid clinical course of presentation, leading 
to significant mortality.14 We therefore investigated the role of 
serum and the placental mRNA expressions of angiogenic and 
anti-angiogenic factors in African women with early- and late-
onset PE in a low- to middle-income setting.

Methods
Following institutional ethical permission, pregnant women who 
gave written, informed consent were recruited from the labour 
ward of a regional hospital in the KwaZulu-Natal province, South 
Africa. Following enrolment, the participants were grouped 
as follows: clinically healthy normotensive controls (n = 30); 
chronic hypertensives (n = 9) (experimental control); early-onset 
pre-eclamptics (≤ 27 weeks gestation) (n = 10) and late-onset 
pre-eclamptics (≥ 28 weeks gestation) (n = 9).

Definitions: pre-eclampsia was defined as new-onset 
hypertension (blood pressure 140/90 mmHg) and proteinuria 
(≥ 2+ on testape) after the 20th week of pregnancy. Chronic 
hypertension was defined as women with a history of hypertension 
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in the non-pregnant state and who had hypertension at the first 
antenatal visit prior to 20 weeks’ gestation. 

All clinical data were recorded on a structured form and 
included the highest blood pressure measurement, level of 
proteinuria, maternal age, parity, gestational age, mode of 
delivery and neonatal outcomes. 

Pre-partum blood samples were obtained from participants 
who were in early labour. Postpartum central placental samples 
were obtained soon after delivery of the babies. The blood samples 
were centrifuged at 4°C at 3 000 rpm for 30 minutes and aliquots 
of serum samples and placental tissue samples were stored at 
–70°C until used. All participants with hypertension (chronic 
hypertensives and pre-eclamptics) were on antihypertensive 
medication, namely methyldopa.

The quantitative sandwich enzyme immunoassay technique 
was performed on serum samples to analyse for the levels of 
sFlt-1, VEGF and PlGF using Quantikine ELISA kits (R & D 
Systems, Minneapolis, USA). All assays were performed in 
duplicate according to the manufacturer’s instructions. 

RNA was extracted from placental samples using a protocol 
previously described,15,16 and synthesis of cDNA was performed 
using the Bio-Rad iScript cDNA synthesis kit according to 
the manufacturer’s protocol (Bio-Rad Laboratories (Pty) Ltd). 
Thereafter, real-time PCR was performed to determine the levels 
of mRNA expressions of sFlt-1, VEGF, PlGF and AT1 using 
standard methods.16-18

Statistical analysis
All values are expressed as means ± SEM (standard error of 
mean). Statistical tests were performed using SPSS version 
15.0 (SPSS Inc, Chicago, Illinois, USA). A p-value of < 0.05 
was considered statistically significant. The Kruskal-Wallis test 
was done to assess for any overall significant differences across 
the four groups within each variable in clinical data, as well as 
between the groups for each mRNA gene expression. This was 
followed by the Mann-Whitney test to determine which groups 
displayed these differences. 

One-way ANOVA was performed to determine if there were 

significant differences in the serum concentrations of sFlt-1, 
PlGF and VEGF, and the mRNA expression levels of sFlt-1, 
VEGF, PlGF and the AT1 receptor among the groups. The Tukey-
Kramer multiple comparison test and the Mann-Whitney test 
compared each group against the other and determined which 
two groups displayed a significant difference (p < 0.05). 

results
Table 1 shows the demographic and clinical data including 
neonatal outcomes of all patients. Except for changes in blood 
pressure and proteinuria, there were no significant differences in 
any of the parameters among the four groups.

The body mass of the neonates in the early-onset (2.83 ± 
0.38 kg) and late-onset (3.03 ± 0.16 kg) pre-eclamptic groups 
were lower than those of the normotensive (3.24 ± 0.08 kg) and 
chronic hypertensive (3.34 ± 0.17 kg) groups. However, these 
differences were not statistically significant (p > 0.05). 

The serum sFlt-1 concentrations in the normotensive controls 
(9 603 ± 1 797 pg/ml) were significantly less than those in 
the early-onset pre-eclamptic group (26 682 ± 5 482 pg/
ml) (p < 0.05) (Fig. 1). The levels in the early- and late-onset 
pre-eclamptic (16 069 ± 4 305 pg/ml) groups were higher than 
those in the chronic hypertensive group (8 811 ± 2 008 pg/ml) 
but these changes were not significantly different.

The serum concentrations of VEGF in all four groups were 
below the detectable limit of the assay. Fig. 2 shows that the 
normotensive group (0.83 ± 0.11 pg/ml) had significantly raised 
serum PlGF levels compared to the early-onset pre-eclamptic 
group (0.23 ± 0.031 pg/ml) (p = 0.001). Furthermore, there 
was a significant difference in the levels of PlGF between the 
normotensive (0.83 ± 0.11 pg/ml) and chronic hypertensive 
(0.42 ± 0.063 pg/ml) groups (p < 0.05) (Fig. 2). In addition, the 
early-onset pre-eclamptic group had relatively lower serum PlGF 
levels compared with the late-onset group (0.45 ± 0.103 pg/ml).

The relative placental mRNA expression levels of sFlt-1, 
VEGF, PlGF and AT1 were compared across the four groups and 
were normalised to the housekeeping gene, GAPDH. Data are 
expressed as fold changes.

TABLE 1. DEMOGRAPHIC DATA AND CLINICAL CHARACTERISTICS OF ALL PATIENTS

Variable

Group
Normotensive controls

 (n = 29)
Chronic hypertension

(n = 9)
Early-onset pre-eclampsia

(n =10)
Late-onset pre-eclampsia

(n = 9)

Maternal age (years) 28.48 ± 1.19 28.78 ± 1.86 29.88 ± 3.40 28.33 ± 2.05 

Parity 2 ± 0.23 2 ± 0.40 2 ± 0.53 1 ± 0.33

Gestational age (weeks) 38.46 ± 0.26 
(n = 28)

38.44 ± 0.47 36.38 ± 1.72 37.67 ± 0.73 

Blood pressure (mmHg)

Systolic 118.59 ± 1.79 139.67 ± 3.16 152.75 ± 6.39* 161.78 ± 3.68*#

Diastolic 72.24 ± 1.57 91.33 ± 2.74 94.63 ± 5.79* 102.22 ± 3.08* #

HIV status (%)

Positive 44.83 44.44 25 66.66 

Negative 51.72 55.55 62.5 33.33

Unknown 3.45 0 12.5 0

Mass of neonate (kg) 3.24 ± 0.08 3.34 ± 0.17 2.83 ± 0.38 
(n = 9)

3.03 ± 0.16

*Significant difference in comparison with normotensive control group (p < 0.05).
#Significant difference in comparison with chronic hypertensive group (p < 0.05).
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The highest mRNA expression level of sFlt-1 was found in 
the late-onset pre-eclamptic group (1.789 ± 0.513 fold) and the 
lowest level was found in the chronic hypertensive group (1.009 
± 0.162 fold) (Fig. 3). The level of sFlt-1 mRNA expression in 
the normotensive group (1.62 ± 0.24 fold) was slightly higher 
than that of the the early-onset pre-eclamptic group (1.401 ± 
0.237 fold). There were no significant differences in the sFlt-1 
concentrations among the four groups. 

The highest level of VEGF mRNA expression was found 
in the normotensive group (2.261 ± 0.42 fold) (Fig. 4). The 
VEGF mRNA expression level in the normotensive group was 
significantly higher than in the late-onset pre-eclamptic (1.059 
± 0.4338 fold) and chronic hypertensive (0.682 ± 0.113 fold) 
groups (2.14 and 3.24 fold, respectively) (p < 0.05). The VEGF 
mRNA expression level in the normotensive group compared 
with the early-onset pre-eclamptic group (0.943 ± 0.28) had a 
p-value very close to being significant (p = 0.051).

As shown in Fig. 5, the ratio of sFlt-1 to VEGF was 2.6-fold 
higher in the early-onset pre-eclamptic group than in the 
normotensive group (p = 0.055). The ratio in the late-onset 
pre-eclamptic group and chronic hypertensive group were 2.17- 
and 2.34-fold greater, respectively than the normotensive group. 

Although the differences in mRNA expression levels of 
PlGF among the four groups were not statistically significant, 
the late-onset pre-eclamptic group had the lowest level (0.81 

± 0.34) while the chronic hypertensive group had the highest 
level (2.17 ± 0.94) and the latter was 1.80-fold higher than in the 
normotensive group (1.205 ± 0.4818) (Fig. 6). The early-onset 
pre-eclamptic group (1.704 ± 0.5854) had a relatively higher 
level of PlGF expression level than the late-onset pre-eclamptic 
group but the level was lower than in the chronic hypertensive 
group.

Among all four groups, the late-onset pre-eclamptic group 
(23.20 ± 13.36 fold) had the highest level of AT1 mRNA 
expression (Fig. 7). Furthermore, the normotensive group (7.86 
± 3.34 fold) showed higher AT1 receptor mRNA expression 
levels than in the early-onset pre-eclamptic (2.13 ± 0.73 fold) 
and chronic hypertensive (2.63 ± 0.73 fold) groups. Notably, 
the difference in AT1 receptor mRNA expression level between 
the early-onset and late-onset pre-eclamptic groups showed a 
p-value very close to significance (p = 0.0592 fold). In addition, 
a positive correlation was found between the AT1 receptor 
concentration and diastolic blood pressure in the late-onset 
pre-eclamptic group (p < 0.05).

discussion
In this study healthy, normotensive, pregnant women served as 
an appropriate control by representing the physiological changes 
that occur during uncomplicated pregnancy, which was a point of 
reference for the pathological conditions of chronic hypertensive 
pregnancy and PE. Chronic hypertensive pregnancy was a 
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Fig. 1. serum concentrations (conc) of sFlt-1 in 
normotensive (N) (n = 27), chronic hypertensive (cH)  
(n = 9), early-onset pre-eclamptic (Eo) (n = 8) and late-
onset pre-eclamptic (lo) (n = 8) groups. *significant 
difference (p < 0.05) between the early-onset pre-eclamptic 
and normotensive groups.
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Fig. 2. serum placental growth factor (plgF) concentrations 
in normotensive (N) (n = 30), chronic hypertensive 
(cH) (n = 9), early-onset (Eo) (n = 10), and late-onset 
pre-eclamptic (lo) (n = 9) groups. *significant difference 
between normotensive and chronic hypertensive groups. 
**Highly significant difference between normotensive 
and early-onset pre-eclamptic groups (p = 0.001).
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Fig. 4. placental mrNa expression levels of vEgF in 
normotensive (N) (n = 30), chronic hypertensive (cH)  
(n = 9), early-onset (Eo) (n = 8) and late-onset (lo)  
(n = 9) pre-eclamptic groups. *significant difference  
(p < 0.05) between the chronic hypertensive and 
normotensive group, and between the late-onset 
pre-eclamptic and normotensive group.
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Fig. 3. placental mrNa expression levels of sFlt-1 in 
normotensive (N) (n = 30), chronic hypertensive (cH)  
(n = 9), early-onset (Eo) (n = 8) and late-onset (lo) (n = 9) 
pre-eclamptic groups. 
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significant reference for the pre-eclamptic groups, indicating 
that any observations that were common to these groups may 
be attributed to the high blood pressure that was a common 
characteristic. Therefore if an observation was made in the 
pre-eclamptic groups but not the chronic hypertensive group, it 
could possibly be attributed to the disease pre-eclampsia. 

The lower gestational ages in the early- and late-onset 
pre-eclamptic groups in comparison with the normotensive 
group may have been as a result of early delivery preventing 
further complications, as the only known cure for the syndrome 
is delivery of the baby and placenta.

As expected, the systolic and diastolic blood pressure 
measurements in the chronic hypertensive and pre-eclamptic 
groups were significantly higher than in the normotensive 
controls. Interestingly, the systolic and diastolic blood pressures 
in the late-onset pre-eclamptic group were significantly higher 
than in the chronic hypertensive group, indicating that the 
hypertension in late-onset PE may be more severe than that of 
chronic hypertension. This may be attributed to the hypertension-
inducing effects of sFlt-1, as previously shown in the murine 
model.19 

Recent reports suggest that hypertension in response to sFlt-1 
may be associated with increased circulating vascular superoxide 
concentrations and that reactive oxygen species could be involved 
in mediating the blood pressure response to excessive sFlt-1 
during pregnancy. It has been suggested that higher serum sFlt-
1 concentrations could play a role in endothelial dysfunction.10

The serum VEGF levels in all our groups were below the 

detectable limit of the assay, which is to be expected in the 
antenatal period20 and has been shown in previous studies.21 This 
could have been due to the mopping-up effect of the excessive 
levels of sFlt-1 that were observed in this study.

Interestingly, the highest level of VEGF mRNA expression 
was found in the normotensive group. The level of VEGF 
mRNA expression was significantly lower in the late-onset 
pre-eclamptic group, and very close to being significantly lower 
in the early-onset pre-eclamptic group (p = 0.051), compared 
with the normotensive group. These findings could also have 
been contributing to the VEGF deficiency in the serum of 
the pre-eclamptic women. Our study therefore concurs with 
previous reports showing evidence of reduced VEGF expression 
in the placentae from pregnancies complicated by PE.22-25 Such 
placentae have previously been shown to exhibit morphometric 
changes such as altered spiral artery remodelling, deficient 
growth and differentiation of terminal villi, and reduced foetal 
capillary branching, which could be attributed to reduced VEGF 
levels.26 

These studies suggest that VEGF may be implicated in the 
molecular mechanisms in abnormal placental development and 
is, therefore an important factor involved in the pathogenesis 
of PE and its complications. We believe that the relatively high 
VEGF mRNA expression in the normotensive group compared 
to the pre-eclamptic groups may indicate that VEGF plays a 
role in ensuring normal placentation in this group. On the other 
hand, an immunohistochemical study showed that VEGF levels 
were significantly higher in placental biopsies of patients with 
PE than normotensive controls,27 while other studies reported 
no difference in the VEGF mRNA expression levels at term in 
placentae from pre-eclamptic and normotensive women.28,29 We 
postulate that the variations could be due to different techniques 
used for assessments or to different ethnic populations.

We also observed the circulating level of PlGF to be 
significantly higher in the normotensive group compared with the 
pre-eclamptic groups. This finding has also been shown by other 
workers.1,30-32 It is well documented that during normal pregnancy, 
the levels of PlGF increase but are dramatically reduced post-
partum, since PlGF is produced by syncytiotrophoblast and 
extravillous cytotrophoblast cells.33 However, we did not observe 
any significant differences in placental tissue mRNA expression 
levels among the four groups. Further studies may help to shed 
more light on the control of PIGF levels.

In the present study, the low serum sFlt-1 levels in chronic 
hypertensive patients corresponded with the low placental sFlt-
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Fig. 5. placental mrNa expression levels of sFlt-1/vEgF 
in normotensive (N) (n = 30), chronic hypertensive (cH) 
(n = 9), early-onset (Eo) (n = 8) and late-onset (lo) (n = 9) 
pre-eclamptic groups.
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Fig. 6. placental mrNa expression levels of plgF in 
normotensive (N) (n = 30), chronic hypertensive (cH)  
(n = 9), early-onset (Eo) (n = 8) and late-onset (lo) (n = 9) 
pre-eclamptic groups.
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Fig. 7. Mean placental mrNa expression levels of at1 
in normotensive (N) (n = 30), chronic hypertensive (cH)  
(n = 9), early-onset (Eo) (n = 8) and late-onset (lo) (n = 9) 
pre-eclamptic groups. 
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1 mRNA levels, similar to the normotensive group, whereas in 
the late-onset pre-eclamptic group, both values were raised. This 
may indicate that the causes of hypertension in the chronic and 
late-onset pre-eclamptic groups were not the same and that in the 
latter group the raised serum sFlt-1 levels could be from other 
sources. 

Furthermore, in the early-onset pre-eclamptic group, the 
serum sFlt-1 level was significantly greater than the normotensive 
control group yet no significant differences in the placental 
mRNA expression levels existed between these groups. This may 
indicate either that there are other sources of sFlt-1 production in 
early-onset PE other than the placenta, or that the placental tissue 
sample may not have been a representative sample of placental 
villi.

The serum sFlt-1 concentration in the late-onset pre-eclamptic 
group was relatively less than in the early-onset pre-eclamptic 
group. Our results support previous studies showing that 
alterations in the serum sFlt-1 levels are more pronounced 
in the early-onset pre-eclamptic group than in the late-onset 
pre-eclamptic group.34,35 A number of other studies have shown that 
serum sFlt-1 levels in pre-eclamptic women are increased,7,8,36-38 
or unchanged,39 when compared with normotensive patients. 
These studies, along with ours, suggest that the placenta is 
possibly a source of circulating sFlt-1.38

In the normotensive group, although the sFlt-1 mRNA 
expression levels appeared high, the VEGF mRNA expression 
levels were equally high. Therefore, placental sFlt-1/VEGF 
mRNA expression ratios were assessed to determine if there 
was an imbalance between the levels of the angiogenic and anti-
angiogenic factors. In the normotensive group this ratio was 
nearer to 1, indicating that the mRNA expression levels of sFlt-1 
and VEGF were similar and therefore balanced. 

On the other hand, the sFlt-1/VEGF mRNA expression ratios 
in early-onset PE were very close to being significantly higher 
than the normotensive group. The high serum sFlt-1 levels found 
in the early- and late-onset pre-eclamptic groups corresponded 
with the high placental sFlt-1/VEGF mRNA expression ratio, 
suggesting that the imbalance in angiogenic and anti-angiogenic 
factors begins at the placental level in early- and late-onset PE, 
promoting an anti-angiogenic state. 

Serum sFlt-1 concentrations have been extensively investigated 
as a key protein that may be involved in the aetiology or as a 
secondary phenomenon of PE.40,41 Hypoxia is considered to be 
the cause of the pathological excessive sFlt-1 production in 
pre-eclamptic placentae.1,42 

It is believed that this soluble VEGF receptor 1 or sFlt-1 
exerts its anti-angiogenic functions by binding to and inactivating 
VEGF and PlGF. This is the basis of the antagonistic relationship 
between sFlt-1 and VEGF. The authority of sFlt-1 lies in the 
fact that it is capable of upsetting the delicate equilibrium, and 
tipping the balance towards the anti-angiogenic state in PE. 
This would, in turn, have a negative effect on the vasculature 
since VEGF plays crucial roles in important processes such 
as the control of angiogenesis. Notably, autocrine VEGF has a 
trophic effect on the endothelium, distinct from its control of 
angiogenesis. By inhibiting this effect, elevated sFlt-1 levels 
may lead to systemic endothelial cell dysfunction, which is the 
hallmark of the maternal stage of PE.43,44

Another meaningful relationship has been demonstrated 
between sFlt-1 and the RAS.45 In addition to hypoxia causing 

increased sFlt-1 production, recent studies have revealed 
that AT1 autoantibody induces excess sFlt-1 production, 
secretion and impaired angiogenesis in PE through undefined 
mechanisms.11,46 The AT1 autoantibody and hypoxia-induced 
overproduction of sFlt-1 could activate a dangerous positive 
feed-forward cycle wherein high sFlt-1 levels severely inhibit 
angiogenesis and exacerbate the placental hypoxia observed in 
PE, which subsequently causes an increase in placental sFlt-1 
production.40,47 Furthermore, recent studies have shown that AT1 
receptor signalling regulates the genes encoding for proteins 
associated with angiogenesis, such as sFlt-1.47

In this study the AT1 receptor expression levels were relatively 
lower in the normotensive, chronic hypertensive and early-onset 
pre-eclamptic groups than in the late-onset pre-eclamptic group. 
This can be expected in the normotensive group since in normal 
pregnancies there is a reduced response to vasopressors.48 
However, AT1 receptor mRNA expression level in the late-
onset pre-eclamptic group was very close to being significantly 
higher than in the early-onset pre-eclamptic group (p = 0.059), 
suggesting that the RAS may be implicated in the pathogenesis 
of PE in this group. This may also indicate that late-onset PE is a 
different disease from early-onset PE and, therefore may actually 
be a disease that has a closer association with the RAS than the 
angiogenic/anti-angiogenic theory, as is the case in early-onset 
PE. 

The raised AT1 receptor mRNA expression level in late-onset 
PE may be due to raised AT1 autoantibodies in this group.40,49 
Furthermore, we also found a significant correlation between 
AT1 receptor mRNA levels and diastolic blood pressure in the 
late-onset pre-eclampsia group (p < 0.05). Unfortunately, the 
factors that activate the AT1 receptors, including angiotensin II 
and the AT1 auto-antibodies were not quantified in this study. 

Further studies using a larger sample size and measuring 
AT1 receptor mRNA expressions, AT1 autoantibodies and 
blood pressure in these two groups are necessary to prove this 
hypothesis. Interestingly, a recent study showed that the increase 
in AT1 autoantibodies might represent a better marker for late-
onset PE, whereas sFlt-1 is a better marker for early-onset PE.50

To the best of our knowledge, this is the first time it has 
been shown in black South African women that placental AT1 
gene expression levels were relatively elevated in late-onset PE 
compared with the early-onset pre-eclamptic, normotensive and 
chronic hypertensive groups. In another study conducted on 
black South African women, it was shown that the common RAS 
polymorphisms could not be used to predict PE.51 

It has previously been shown that the blunted response to 
angiotensin II during normal pregnancy is lost in pre-eclamptic 
patients, who show a hypersensitivity to vasopressors.48 This 
may imply that there is no quantitative increase in vasopressors, 
but rather an increase in sensitivity to the existing quantity of 
vasoactive factors present in pre-eclamptic women. Our study 
provides proof of this by showing elevated expression of the 
AT1 receptors in late-onset pre-eclamptic patients compared to 
the normotensive controls, chronic hypertensive and early-onset 
pre-eclamptic groups, thereby accounting for the heightened 
sensitivity to the powerful vasoconstrictor angiotensin II, which 
is in accordance with previous studies.52,53

Most studies on PE have been conducted on Caucasian 
participants, and there is a paucity of information on other 
ethnic groups. It is well documented that socio-demographic 
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factors such as race have an influence on the incidence of PE in 
a population.54 The high incidence of PE in South Africa as well 
as the increased risk of mortality associated with PE in black 
women stress the need for research on homogenous population 
groups.

We recommend that future research should also incorporate the 
investigation of the heterodimerisation of the AT1 and bradykinin 
B2 receptors in black South African women. Furthermore, the 
interplay between the angiogenic/anti-angiogenic pathway, RAS 
and other theories, such as that of oxidative stress and the role of 
the inflammatory system in PE, should be explored. 

Two of the limitations of this study were the small sample 
size that affected the statistical analysis, and the fact we did not 
measure serum levels of angiotensin II and AT1 autoantibodies. 

conclusion
The findings of this study lead us to conclude that the aetiology 
and pathogenesis of early- and late-onset PE are, to some 
extent different, especially in our population sample. Our data 
demonstrate that while a predominance of an anti-angiogenic 
state may be an important role player in both early- and late-
onset PE, in the latter, AT1 receptor up-regulation and the RAS 
could also play a role.

We are grateful to the South African Medical Research Council for financial 
assistance and the Africa Centre, University of KwaZulu-Natal, for allowing 
us the use of their laboratories for ELISA studies. 

References
1. Maynard SE, Min JY, Merchan J, Lim KH, Li J, Mondal S, et al. Excess 

placental soluble fms-like tyrosine kinase 1 (sFlt1) may contribute to 
endothelial dysfunction, hypertension, and proteinuria in preeclampsia. 
J Clin Invest 2003; 111: 649–658.

2. Mutter WP, Karumanchi SA. Molecular mechanisms of preeclampsia. 
Microvasc Res 2008; 75: 1–8.

3. Founds SA, Dorman JS, Conley YP. Microarray technology applied to 
the complex disorder of preeclampsia. J Obstet Gynecol Neonatal Nurs 
2008; 37: 146–157.

4. Hawfield A, Freedman BI. Pre-eclampsia: the pivotal role of the placen-
ta in its pathophysiology and markers for early detection. Therapeut Adv 
Cardiovasc Dis 2009; 3: 65–73.

5. Roberts JM, Gammill H. Pre-eclampsia and cardiovascular disease in 
later life. Lancet 2005; 366: 961–962.

6. Pottecher J, Huet O, Degos V, Bonnet MP, Gaussem P, Duranteau J, et 
al. In vitro-induced endothelial oxidative stress and circulating markers 
of endothelial dysfunction in preeclampsia: an observational study. 
Hypertens Preg 2009; 28: 212–223.

7. Levine RJ, Maynard SE, Qian C, Lim KH, England LJ, Yu KF, et al. 
Circulating angiogenic factors and the risk of preeclampsia. New Engl 
J Med 2004; 350: 672–683.

8. McKeeman GC, Ardill JE, Caldwell CM, Hunter AJ, McClure N. 
Soluble vascular endothelial growth factor receptor-1 (sFlt-1) is 
increased throughout gestation in patients who have preeclampsia 
develop. Am J Obstet Gynecol 2004; 191: 1240–1246.

9. Foidart JM, Schaaps JP, Chantraine F, Munaut C, Lorquet S. 
Dysregulation of anti-angiogenic agents (sFlt-1, PIGF, and sEndog-
lin) in preeclampsia – a step forward but not the definitive answer. J 
Reproduc Immunol 2009; 82: 106–111.

10. Redman CW, Sargent IL. Placental stress and pre-eclampsia: a revised 
view. Placenta 2009; 30(Suppl A): S38–42.

11. Zhou CC, Ahmad S, Mi T, Xia L, Abbasi S, Hewett PW, et al. 
Angiotensin II induces soluble fms-Like tyrosine kinase-1 release via 
calcineurin signaling pathway in pregnancy. Circ Res 2007; 100: 88–95.

12. Shah DM. Role of the renin-angiotensin system in the pathogenesis of 

preeclampsia. Am J Physiol Renal Physiol 2005; 288: F614–625.
13. Dechend R, Gratze P, Wallukat G, Shagdarsuren E, Plehm R, Brasen 

JH, et al. Agonistic autoantibodies to the AT1 receptor in a transgenic 
rat model of preeclampsia. Hypertension 2005; 45: 742–746.

14. Moodley J. Maternal deaths associated with hypertension in South 
Africa: lessons to learn from the Saving Mothers report, 2005–2007. 
Cardiovasc J Afr 2011; 22: 31–35.

15. Perou CM, Jeffrey SS, van de Rijn M, Rees CA, Eisen MB, Ross DT, et 
al. Distinctive gene expression patterns in human mammary epithelial 
cells and breast cancers. Proc Natl Acad Sci USA 1999; 96: 9212–9217.

16. Singh R, Mackraj I, Naidoo R, Gathiram P. Sanguinarine downregu-
lates AT1a gene expression in a hypertensive rat model. J Cardiovasc 
Pharmacol 2006; 48: 14–21.

17. Eisenberg E, Levanon EY. Human housekeeping genes are compact. 
Trends Genet 2003; 19: 362–365.

18. Heid CA, Stevens J, Livak KJ, Williams PM. Real time quantitative 
PCR. Genome Res 1996; 6: 986–994.

19. Lu F, Longo M, Tamayo E, Maner W, Al-Hendy A, Anderson GD, et 
al. The effect of over-expression of sFlt-1 on blood pressure and the 
occurrence of other manifestations of preeclampsia in unrestrained 
conscious pregnant mice. Am J Obstet Gynecol 2007; 196: 396 e1–7; 
discussion e7.

20. Malamitsi-Puchner A, Tziotis J, Protonotariou E, Sarandakou A, 
Creatsas G. Angiogenic factors in the perinatal period: diversity in 
biological functions reflected in their serum concentrations soon after 
birth. Ann NY Acad Sci 2000; 900: 169–173.

21. Semczuk-Sikora A, Krzyzanowski A, Kwiatek M, Semczuk M. 
[Maternal serum concentration of placental growth factor (PIGF) and 
endothelial growth factor (VEGF) in pregnancies complicated by pre-
eclampsia]. Ginekologia Polska 2007; 78: 873–876.

22. Sun SG, Shen N, Zheng YH, Shang T. [Expression of hypoxia-inducible 
factor-1alpha, vascular endothelial growth factor and sFlt-1 in pre-
eclampsia placenta]. Zhonghua fu Chan Ke Za Zhi 2006; 41: 440–444.

23. Nagamatsu T, Fujii T, Kusumi M, Zou L, Yamashita T, Osuga Y, et al. 
Cytotrophoblasts up-regulate soluble fms-like tyrosine kinase-1 expres-
sion under reduced oxygen: an implication for the placental vascular 
development and the pathophysiology of preeclampsia. Endocrinology 
2004; 145: 4838–4845.

24. Cirpan T, Akercan F, Terek MC, Kazandi M, Ozcakir HT, Giray G, et 
al. Evaluation of VEGF in placental bed biopsies from preeclamptic 
women by immunohistochemistry. Clin Exp Obstet Gynecol 2007; 34: 
228–231.

25. Milovanov AP, Sidorova IS, Solonitsyn AN, Borovkova EI. [Immu-
nohistochemical evaluation of the distribution of vascular endothelial 
growth factor in the placenta, placental bed in normal pregnancy and in 
women with preeclampsia]. Arkhiv Patologii 2008; 70: 12–15.

26. Cooper JC, Sharkey AM, Charnock-Jones DS, Palmer CR, Smith SK. 
VEGF mRNA levels in placentae from pregnancies complicated by pre-
eclampsia. Br J Obstet Gynaecol 1996; 103: 1191–1196.

27. Akercan F, Cirpan T, Terek MC, Ozcakir HT, Giray G, Sagol S, et al. 
The immunohistochemical evaluation of VEGF in placenta biopsies of 
pregnancies complicated by preeclampsia. Arch Gynecol Obstet 2008; 
277: 109–114.

28. Ranheim T, Staff AC, Henriksen T. VEGF mRNA is unaltered in 
decidual and placental tissues in preeclampsia at delivery. Acta Obstet 
Gynecol Scand 2001; 80: 93–98.

29. Sgambati E, Marini M, Zappoli Thyrion GD, Parretti E, Mello G, 
Orlando C, et al. VEGF expression in the placenta from pregnancies 
complicated by hypertensive disorders. Br J Obstet Gynaecol 2004; 
111: 564–570.

30. Kulkarni AV, Mehendale SS, Yadav HR, Kilari AS, Taralekar VS, Joshi 
SR. Circulating angiogenic factors and their association with birth 
outcomes in preeclampsia. Hypertens Res 2010; 33: 561–567.

31. Dwyer BK, Krieg S, Balise R, Carroll IR, Chueh J, Nayak N, et al. 
Variable expression of soluble fms-like tyrosine kinase 1 in patients 
at high risk for preeclampsia. J Matern Fetal Neonatal Med 2010; 23: 
705–711.

32. Tjoa ML, Levine RJ, Karumanchi SA. Angiogenic factors and pre-
eclampsia. Front Biosci 2007; 12: 2395–2402.



CARDIOVASCULAR JOURNAL OF AFRICA • vol 23, No 3, April 2012AFRICA 159

33. Mittal P, Espinoza J, Hassan S, Kusanovic JP, Edwin SS, Nien JK, et al. 
Placental growth hormone is increased in the maternal and fetal serum 
of patients with preeclampsia. J Matern Fetal Neonatal Med 2007; 20: 
651–659.

34. Robinson CJ, Johnson DD, Chang EY, Armstrong DM, Wang W. 
Evaluation of placenta growth factor and soluble Fms-like tyrosine 
kinase 1 receptor levels in mild and severe preeclampsia. Am J Obstet 
Gynecol 2006; 195: 255–259.

35. Wikstrom AK, Larsson A, Eriksson UJ, Nash P, Norden-Lindeberg S, 
Olovsson M. Placental growth factor and soluble FMS-like tyrosine 
kinase-1 in early-onset and late-onset preeclampsia. Obstet Gynecol 
2007; 109: 1368–1374.

36. Levine RJ, Qian C, Maynard SE, Yu KF, Epstein FH, Karumanchi SA. 
Serum sFlt1 concentration during preeclampsia and mid trimester blood 
pressure in healthy nulliparous women. Am J Obstet Gynecol 2006; 
194: 1034–1041.

37. Shibata E, Rajakumar A, Powers RW, Larkin RW, Gilmour C, Bodnar 
LM, et al. Soluble fms-like tyrosine kinase 1 is increased in preeclamp-
sia but not in normotensive pregnancies with small-for-gestational-age 
neonates: relationship to circulating placental growth factor. J Clin 
Endocrinol Metab 2005; 90: 4895–4903.

38. Maynard S, Epstein FH, Karumanchi SA. Preeclampsia and angiogenic 
imbalance. A Rev Med 2008; 59: 61–78.

39. Savvidou MD, Yu CK, Harland LC, Hingorani AD, Nicolaides KH. 
Maternal serum concentration of soluble fms-like tyrosine kinase 1 and 
vascular endothelial growth factor in women with abnormal uterine 
artery Doppler and in those with fetal growth restriction. Am J Obstet 
Gynecol 2006; 195: 1668–1673.

40. Karumanchi SA, Bdolah Y. Hypoxia and sFlt-1 in preeclampsia: the 
‘chicken-and-egg’ question. Endocrinology 2004; 145: 4835–4837.

41. Karumanchi SA, Epstein FH. Placental ischemia and soluble fms-like 
tyrosine kinase 1: cause or consequence of preeclampsia? Kidney Int 
2007; 71: 959–961.

42. Zhou Y, McMaster M, Woo K, Janatpour M, Perry J, Karpanen T, et al. 
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 2002; 160: 1405–1423.

43. Smith GC, Crossley JA, Aitken DA, Jenkins N, Lyall F, Cameron AD, 

et al. Circulating angiogenic factors in early pregnancy and the risk 
of preeclampsia, intrauterine growth restriction, spontaneous preterm 
birth, and stillbirth. Obstet Gynecol. 2007; 109: 1316–1324.

44. Smith GC, Wear H. The perinatal implications of angiogenic factors. 
Curr Opin Obstet Gynecol 2009; 21: 111–116.

45. Hirokoshi K, Maeshima Y, Kobayashi K, Matsuura E, Sugiyama H, 
Yamasaki Y, et al. Elevated serum sFlt-1/Ang-2 ratio in women with 
preeclampsia. Nephron 2007; 106: c43–50.

46. Zhou CC, Ahmad S, Mi T, Abbasi S, Xia L, Day MC, et al. 
Autoantibody from women with preeclampsia induces soluble Fms-like 
tyrosine kinase-1 production via angiotensin type 1 receptor and 
calcineurin/nuclear factor of activated T-cells signaling. Hypertension 
2008; 51: 1010–1019.

47. Irani RA, Xia Y. The functional role of the renin-angiotensin system in 
pregnancy and preeclampsia. Placenta 2008; 29: 763–771.

48. Anguiano-Robledo L, Reyes-Melchor PA, Bobadilla-Lugo RA, Perez-
Alvarez VM, Lopez-Sanchez P. Renal angiotensin-II receptors expres-
sion changes in a model of preeclampsia. Hypertens Preg 2007; 26: 
151–161.

49. Hubel CA, Wallukat G, Wolf M, Herse F, Rajakumar A, Roberts JM, 
et al. Agonistic angiotensin II type 1 receptor autoantibodies in post-
partum women with a history of preeclampsia. Hypertension 2007; 
49: 612–617.

50. Herse F, Verlohren S, Wenzel K, Pape J, Muller DN, Modrow S, et al. 
Prevalence of agonistic autoantibodies against the angiotensin II type 
1 receptor and soluble fms-like tyrosine kinase 1 in a gestational age-
matched case study. Hypertension 2009; 53: 393–398.

51. Roberts CB, Rom L, Moodley J, Pegoraro RJ. Hypertension-related 
gene polymorphisms in pre-eclampsia, eclampsia and gestational 
hypertension in black South African women. J Hypertens 2004; 22: 
945–948.

52. Wang Y, Gu Y, Lewis DF. Endothelial angiotensin II generation induced 
by placenta-derived factors from preeclampsia. Reproduct Sci 2008; 
15: 932–938.

53. Doering TP, Haller NA, Montgomery MA, Freeman EJ, Hopkins MP. 
The role of AT1 angiotensin receptor activation in the pathogenesis of 
preeclampsia. Am J Obstet Gynecol 1998; 178: 1307–1312.

54. Smith RA, Baker PN. Risk factors, prevention and treatment of hyper-
tension in pregnancy. Minerva Ginecolog 2005; 57: 379–388.


	OFC
	IFC
	CVJA 23.3
	IBC
	OBC



