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ABSTRACT

Introduction

The recent discovery of additional alternative spliced FLT1 transcripts encoding novel soluble 
(s)FLT1 protein isoforms complicates both the predictive value and functional implications of 
sFLT1 in preeclampsia. 

Methods

We investigated FLT1 expression levels and splicing patterns in placentas of normotensive 
and preeclamptic women, and established the tissue specificity of all FLT1 transcript variants. 
mRNA levels of sFLT1 splice variants were determined by real-time polymerase chain reaction 
in 21 normal human tissues and placental biopsies from 91 normotensive and 55 preeclamptic 
women. Cellular localization of placental FLT1 expression was established by RNA in situ 
hybridization. 

Results. 

Of all tissues investigated, placenta has by far the highest FLT1 mRNA expression level, mainly 
localized in the syncytiotrophoblast layer. More than 80% of placental transcripts correspond 
to sFLT1_v2. Compared with normotensive placenta, preeclamptic placenta has >3-fold higher 
expression of all FLT1 transcript variants (P<0.001), with a slight shift in favor of sFLT1_v1. 
Although to a lesser degree, transcript levels are also increased in placenta from normotensive 
women that deliver a small for gestational age neonate. 

Conclusion

We conclude that sFLT isoform–specific assays could potentially improve the accuracy of 
current sFLT1 assays for the prediction of preeclampsia. However, placental FLT1 transcript levels 
are increased not only in preeclampsia but also in normotensive pregnancy with a small for 
gestational age fetus. This may indicate a common pathway involved in the development of 
both conditions but complicates the use of circulating sFLT1 protein levels for the prediction or 
diagnosis of preeclampsia alone. 

INTRODUCTION

Hypertension-related disorders are a major cause of pregnancy complications. Preeclampsia in 
particular, defined as new-onset hypertension in combination with proteinuria after 20 weeks 
of gestation, is a leading cause of both maternal and fetal mortality and morbidity1. Because 
preeclampsia is a complex disease involving multiple organs, it has been difficult to clearly assign 
molecular pathways involved in the etiology. Consequently, proper targets for the development 
of early biomarkers and prophylaxis are scarce.

Although the exact model how preeclampsia develops is still a matter of debate, preeclampsia 
is thought to originate from abnormal placentation followed by a release of placenta-produced 
factors into the maternal circulation. These in turn provoke dysfunction of the maternal 
endothelium, resulting in the preeclamptic clinical symptoms2,3.The vascular endothelial 
growth factor (VEGF) ligands/receptors play an essential role in both normal and pathological 
functioning of the endothelium4 and have been implicated in the development of preeclampsia. 
In particular, the soluble truncated version of VEGF receptor 1 (sFLT1) has been shown to be 
markedly elevated in preeclamptic women5–7.

sFLT1 mRNA is generated by alternative splicing of the FLT1 gene. As a result, sFLT1 protein 
contains only the ligand binding domain of the VEGF receptor 1 and a small unique 31-aa 
C-terminal tail but lacks the membrane spanning and intracellular tyrosine kinase domain of 
the full- length receptor8.The current concept of the role of sFLT1 in preeclampsia is that it traps 
VEGF and placenta growth factor, thereby lowering free circulating levels of these factors below 
a critical threshold.

In addition to the interest in the functional role of sFLT1/ VEGF in preeclampsia, and hence 
their therapeutic potential, much research has been focused on the biomarker capacity of 
sFLT1 in predicting preeclampsia. Within studies, circulating levels of sFLT1 are elevated, and 
placenta growth factor levels are reduced in preeclamptic pregnancies compared with normal 
pregnancies weeks before overt clinical symptoms arise9,10, but comparison of key studies shows 
marked differences in absolute levels measured11.

The role of sFLT1 in preeclampsia has recently become more complicated by the discovery that 
multiple sFLT1 isoforms exist. In addition to the originally described sFLT18 (hereafter called sFLT1_
v1), a second sFLT1 isoform (sFLT1_v2) has recently been characterized12,13. Similar to sFLT1_v1, the 
sFLT1_v2 protein is also a soluble truncated version of the full-length VEGF receptor 1 but with a 
28-aa unique C terminus. In addition, 2 currently less well characterized sFLT1 splice variants, sFLT1_
v3 and sFLT1_v4, with a 13-aa and 31-aa unique C terminus, respectively, have been reported14.
Although investigated in a very limited number of patients, these 3 novel sFLT1 splice variants, and 
also the transmembrane variant (tmFLT1), seem up-regulated in preeclamptic women5,12–15.

In this study, we aim to establish the placental contribution of all individual FLT1 transcript 
variants to the total increased circulating sFLT1 protein pool that is observed in preeclampsia 
to further specify their potential use as biomarkers. For that purpose, we analyzed the tissue 
specificity of FLT1 transcript variants and determined their levels of expression in a human 
mRNA tissue panel and a large series of normotensive and preeclamptic placental biopsies.
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METHODS

Patients

Preeclampsia and HELLP syndrome were defined by National Heart, Lung and Blood Institute 
Working Group criteria and those proposed by Sibai1,16. Blood pressure was manually measured 
in the sitting position at the right upper arm. Diastolic blood pressure was determined at 
Korotkoff sound V. Patients with baseline hypertension or renal disease were excluded. Small 
for gestational age (SGA) was defined as a birth weight below the 10th percentile according 
to the Dutch birth weight percentiles. Placental insufficiency was defined as raised pulsatility 
index of the umbilical artery (>95th percentile) combined with either a lowered pulsatility index 
of the middle cerebral artery (<5th percentile) or an increased impedance to flow in the uterine 
arteries (early diastolic notching). Doppler studies were performed when clinically indicated by 
the treating obstetrician. Healthy, normotensive pregnant women were included as controls. 
The clinical characteristics of included individuals are listed in supplemental Table I.

Table 1: Clinical characteristics summary of studies groups. Values are expressed as median (range) or 
numbers (%). PE indicates preeclamptic; BP blood pressure; ND not determined; BMI body mass index
*includes patients with a single high BP measurement. 

Clinical Parameter Normotensive (n=91) PE (n=55)
Highest diastolic BP (mm Hg) 75 (60–95*) 105 (90–120)

Urinary protein (g/24 h) ND 5.2 (0.3–24.0)

HELLP 0 (0%) 20 (36.4%)

Gestational age at delivery (weeks) 38+4 (26+0–42+2) 33+0 (27+0–40+0)

Neonatal weight (g) 2850 (930–4800) 1470 (600–3990)

Birth percentile <10 11 (12.1%) 19 (34.5%)

Age (y) 28 (16–40) 30 (19–43)

BMI (kg/m2) 22.0 (17.3–36.8) 24.6 (18.2–45.5)

Nulliparous 52 (57.1%) 39 (70.9%)

Tissue Preparation and Real-Time Quantitative Polymerase Chain Reaction 

The use of clinical data and placenta material for this study was approved by the institutional 
review board of the Academic Medical Center. Samples were collected from 91 normotensive 
and 55 preeclamptic pregnant women as described17 (Table 1; supplemental Table I). RNA was 
isolated and reverse transcribed, and quantitative real-time polymerase chain reaction was 
performed on a LightCycler 480 system (Roche).

In Situ Hybridizations

RNA in situ hybridization was essentially performed as described18. Probes corresponded to 
nucleotides 2968 to 3361 (Genbank NM_002019.4, tmFLT1), 2208 to 2297 (Genbank BC039007.1, 
sFLT1_v1), and 2538 to 2620 (Genbank NM_001160030.1, sFLT1_v2).

Expanded methods are available in the online version of this thesis. Please search for 
‘Jebbink’ at http://dare.uva.nl/dissertations

RESULTS

Tissue-Specific Expression of FLT1 Splice Variants 

To investigate both the absolute and relative expression levels for the different FLT1 transcripts, 
we analyzed 21 human tissues by real-time quantitative polymerase chain reaction (Figure 1A). 
Absolute levels of total FLT1 mRNA in placenta are >40-fold higher than in any of the other human 
tissues studied. Although in most tissues, the majority of transcripts encode the transmembrane 
form of FLT1, in placenta, 95% of all FLT1 transcripts represent the alternative splice variants 
encoding truncated soluble receptors. sFLT1_v2 is the most prominent transcript variant (>80% 
of all placental FLT1 transcripts) and is highly placenta specific, with some residual (>600-fold 
lower) expression in other tissues. Expression of the sFLT1_v3 and sFLT1_v4 splice variants is 
relatively low in all tissues, and sFLT1_v3 levels are below detection level in most.

To evaluate the contribution of maternal, respectively placental/fetal endothelial cells, (known 
to prominently express FLT119), to the total FLT1 pool, we analyzed FLT1 transcript levels in early 
passage primary endothelial cells (human brain microvascular endothelial cells and human 
umbilical vein endothelial cells). The absolute total FLT1 mRNA expression level in human brain 
microvascular endo- thelial cells and human umbilical vein endothelial cells is much lower 
(<8%) than in placenta and sFLT1_v1 is the most abundant splice product. The sFLT1_v2 fraction 
is only 23%, respectively 6% (compared with the >80% sFLT1_v2 mRNA in placenta). Compared 
with the other tissues studied, both placenta tissue and human brain microvascular endothelial 
cells have a relatively high fraction of FLT1 transcripts encoding soluble receptor forms (94% and 
75%, respectively).

RNA in situ hybridization with variant-specific FLT1 probes demonstrates an intense signal 
in the syncytiotrophoblast layer for all transcripts tested (Figure 1B). Compared with the 
syncytiotrophoblast signal, vascular endothelial cells were also clearly positive for sFLT1_v1 
expression, whereas tmFLT1 and sFLT1_v2 signals were weak or absent.

FLT1 Splice Variants in Normotensive and Preeclamptic Placentas 

We determined expression levels of all 5 FLT1 transcripts in 91 placentas from normotensive 
pregnancies and 55 placentas from preeclamptic pregnancies (Table 1; supplemental Table I). 
In preeclamptic placenta, FLT1 transcript levels are nearly 4-fold increased, with a statistically 
significant upregulated expression of all 5 transcript variants, including the low expressed 
variants sFLT1_v3 and sFLT1_v4 (Table 2). Strikingly, in preeclamptic placenta, the splicing 
process seems to favor splicing toward sFLT1_v1 at the expense of the other splice variants, 
especially tmFLT1. Consequently, there is a shift toward the soluble FLT encoding transcripts in 
preeclampsia at the expense of the transmembrane version (P=0.029).
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Figure 1: Tissue-specific expression of FLT1 transcript variants. A, Real-time quantitative polymerase chain 
reaction was performed on RNA isolated from 21 different human tissues, plus human brain microvascular 
endothelial cells (HBMEC) and human umbilical vein endothelial cells (HUVEC), as indicated on the left. 
Values represent the average of duplicate quantitative polymerase chain reaction experiments measuring 
copy number of all 5 FLT1 transcripts (tm, v1, v2, v3, and v4) normalized to the PSMD4 copy number. The total 
transcript level per tissue is set to 100%, and individual transcript fractions were calculated and marked 
as indicated. Total normalized FLT1 copy number (total FLT1) and the percentage of transcripts encoding 
soluble receptor forms (%sFLT1) is indicated at the right side. B, In situ hybridization was performed with 
antisense probes for the transmembrane variant (tmFLT1), sFLT1_v1, and sFLT1_v2 on parallel sections of 
a 30-week normotensive placenta. Magnification 200x. Additional in situ hybridization data are shown in 
supplemental Figure I.

FLT1 transcript levels in normotensive and preeclamptic placentas do not correlate with 
gestational age at delivery (Figure 2A; data not shown). There is a positive correlation with the 
highest measured diastolic blood pressure as shown in Figure 2B. sFLT1_v1 levels correlate most 
strongly with diastolic blood pressures. We observe no significant correlation between FLT1 
transcript levels and the amount of proteinuria (data not shown).

Table 2: Values are median normalized transcripts levels (interquartile range). Ratio is defined as transcript 
level divided by total FLT1 transcript level (interquartile range). *Group differences were tested with the 
Mann–Whitney U test.

Transcript Normotensive Preeclampsia Fold Increase
All FLT1 transcripts 8.35 (4.94–17.45) 32.28 (11.70–74.03) 3.86

tmFLT1 0.26 (0.19–0.39) 0.62 (0.34–1.13) 2.36

sFLT1_v1 1.14 (0.68–1.91) 5.51 (2.52–9.45) 4.82

sFLT1_v2 7.09 (4.00–15.45) 23.49 (8.16–61.71) 3.31

sFLT1_v3 0.001 (0.000–0.001) 0.002 (0.001–0.003) 2.57

sFLT1_v4 0.009 (0.003–0.019) 0.023 (0.009–0.043) 2.44

Transcript ratio

tmFLT1/all FLT1 3.04 (1.66–5.82) 2.52 (1.31–3.52)

sFLT1_v1/all FLT1 12.42 (9.40–16.69) 16.90 (10.42–27.35)

sFLT1_v2/all FLT1 83.59 (77.06–87.83) 81.69 (69.03–87.56)

sFLT1_v3/all FLT1 0.007 (0.006–0.011) 0.006 (0.003–0.010)

sFLT1_v4/all FLT1 0.094 (0.040–0.188) 0.088 (0.021–0.235)

No. of samples 91 55

Analysis of the association between fetal growth and FLT1 transcript levels in placentas of 
normotensive pregnancies showed that placentas from SGA (n=11) neonates FLT1 mRNA 
expression is significantly increased compared with those from newborns with a weight 
appropriate for their gestational age, defined as neonatal weight between p10 and p90 on 
the Dutch neonatal growth charts (n=74; Figure 3). This SGA-specific increase in placental FLT1 
expression is restricted to normotensive pregnancies and is not observed in preeclamptic 
pregnancies. Compared with all preeclamptic placentas, the tmFLT1 and sFLT1_v2 mRNA 
levels in normotensive SGA placentas do not differ significantly (data not shown). Only 
the normotensive SGA placental sFLT1_v1 mRNA levels are significantly lower (P=0.047) 
compared with preeclamptic placentas. Of the 11 women who delivered an SGA neonate 
after a normotensive pregnancy, only 1 had an aberrant umbilical arterial Doppler velocimetry 
combined with lowered pulsatility index of the middle cerebral artery, indicative of intrauterine 
growth restriction caused by placental insufficiency. Six showed a normal Doppler pattern, 
whereas for 4 cases, no Doppler data were available (supplemental Table I).

In preeclamptic pregnancies with a confirmed normal umbilical Doppler velocimetry, there 
is still the large increase of placental FLT1 transcripts visible compared with normotensive 
pregnancies (supplemental Table III).



Chapter 4

66

Expression of placental FLT1 variants in preeclampsia and IUGR

67

4

Figure 2: Correlation of FLT1 mRNA expression levels with diastolic blood pressure (BP) and gestational age. 
A, Plot of average total FLT1/PSMD4 copies from duplicate quantitative polymerase chain reaction samples 
against gestational age at delivery of 74 normotensive appropriate for their gestational age placentas. B, Plot 
of average total FLT1/PSMD4 copies from duplicate quantitative polymerase chain reaction samples against 
the highest diastolic BP. For 99 appropriate for their gestational age placental samples, the corresponding 
BP was known (63 normotensive and 36 preeclamptic). Case 95 (total FLT1=437.26; BP=100 mm Hg) is not 
shown within the plotted area. Spearman’s rho for individual FLT1 transcripts is calculated and shown in the 
table below the graph.

Figure 3: FLT1 transcript levels in small for gestational age (SGA) placentas. Expression levels of different 
FLT1 transcript variants determined by real-time quantitative polymerase chain reaction in normotensive 
or preeclamptic (PE) placentas of SGA newborns (gray- shaded boxes) and appropriate for their gestational 
age (AGA) newborns (open boxes). Group differences (indicated by horizontal line) were tested with the 
Mann–Whitney U test. ns indicates not significant.
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DISCUSSION

In our study, we report placental expression and splicing of the FLT1 gene in a large series of 
normotensive and preeclamptic pregnancies and in pregnancies complicated by SGA neonates. 
We also compare FLT1 expression levels and splicing pattern in placenta with a large series of 
other human tissues, demonstrating that compared with other human tissues, absolute levels of 
all FLT1 splice variants in placenta are extremely high. Second, there is a general increased FLT1 
transcription, or alternatively, a general increased FLT1 mRNA stability in preeclamptic placentas 
compared with normotensive placentas. In addition to the previously reported elevated sFLT1 
(sFLT1_v1) mRNA levels, levels of the transmembrane VEGF receptor encoding transcript (tmFLT1) 
and the newly described sFLT1 transcript variants sFLT1_v2, _v3, and _v4 are >2-fold increased in 
placenta of preeclamptic women compared with placenta of normotensive women. However, in 
addition, SGA placentas of normotensive women show a preeclampsia-like pattern of increased 
FLT1 transcripts.

Apart from this increased transcription/stability, the process of alternative splicing also seems 
altered in case of preeclamptic pregnancy, with an increased favor toward the formation of 
the sFLT1_v1 splice variant. The signals triggering the increase of expression and change of 
relative splicing patterns of FLT1 mRNA in pathological placentas compared with placental 
tissue from normal pregnancies are not fully established. Both transcription/stability and the 
process of alternative splicing are altered in case of preeclamptic pregnancy and placental 
hypoxia, commonly regarded as an important contributor to the development of preeclampsia, 
is a known driving force for FLT1 transcription20, as well as the preferential splicing of sFLT1_v1 
variant21,22.

There is no correlation between placental FLT1 transcript levels and gestational age in either 
normotensive or hypertensive pregnancies, indicating that the reported increase of maternal 
circulating sFLT1 protein levels as gestation advances during the last trimester7,23 are attributable 
to placental growth and the concomitant increased number of cells that produce sFLT1.

A striking observation is the combination of very high levels of FLT1 mRNA in placenta compared 
with all other tissues investigated, and the fact that >90% of these transcripts encode a soluble 
VEGF receptor protein, whereas in most other tissues, the majority of transcripts encode the 
transmembrane VEGF receptor protein. We can only speculate on why the placenta generates 
such high amounts of FLT1 mRNA and most likely produces most of its FLT1 protein as the 
truncated soluble VEGF receptor. Mouse studies indicate that trophoblast-derived tmFLT1 and 
sFLT1 have no obvious function in placental development24, and in mouse placenta, 98% of the 
FLT1 protein is the soluble VEGF receptor25. Thus, the purpose of placental FLT1 transcription 
may well be the production of truncated soluble VEGF receptor with a systemic, pregnancy-
specific function in the maternal circulation.

Our data show that sFLT1_v2 is by far the major transcript variant in the placenta. Within placenta, 
sFLT1_v2 mRNA is mainly, if not exclusively, expressed in the syncytiotrophoblast layer. Because 
only ≈15% of the placental sFLT1 mRNA pool is formed by sFLT1-v1 in combination with only 
marginally expressed sFLT1_v3 and sFLT1_v4 (<1% of the total sFLT1 transcripts), this implies that 

≈85% of the sFLT1 mRNA produced by the placenta is sFLT1_v2. This situation is highly placenta 
specific because none of the other tissues investigated express this typical splice variant pattern. 
The low-level sFLT1_v2 mRNA in other tissues may originate from incorporated endothelial cells, 
which also express sFLT1_v2 mRNA.

On the basis of our study, we cannot elucidate whether placental sFLT1 mRNA levels (with 
relatively high levels of sFLT1_v2 and relatively low levels of sFLT1_v1) are directly related to 
the amount of sFLT1 protein secreted into the maternal circulation. Antibodies raised against 
the C-terminal tail specific for the sFLT1_v2 transcript show that this protein is indeed the 
predominant sFLT1 isoform present in placenta extract and the circulation during pregnancy12.
In another study26, in which sFLT1 isoforms present in maternal plasma were size separated, 
the size of the major sFLT1 isoform corresponds to that of sFLT_v2, whereas the minor isoform 
corresponds to sFLT_v1. Together, these observations suggest that the sFLT_v1 and _v2 
mRNA levels relate to the sFLT1 proteins that are measured during pregnancy in the maternal 
circulation.

The currently available sFLT1 antibodies, mostly raised against a protein domain shared by 
all FLT1 isoforms, have had only limited diagnostic utility in predicting preeclampsia27. At the 
protein level, sFLT1 isoforms differ only in their C-terminal amino acid tail, which has had until 
now no resemblance to any known functional peptide domain. This indicates that the sFLT1 
isoforms are functionally identical. Splice form–specific antibodies might improve the clinical 
strength of sFLT level in predicting preeclampsia, and sFLT1_v2–specific antibodies could 
potentially be less troubled by sFLT proteins secreted by non-placental tissues.

Literature on the relationship between fetal growth and sFLT1 levels is conflicting, which is partly 
because of the nonsystematic use of the diagnostic terms SGA, fetal growth restriction, and 
intrauterine growth restriction. Patient groups consisting of the more severe SGA (defined by either 
abnormal Doppler, birth weight below the third percentile, or delivered at early gestational age) 
appear to have increased sFLT1 protein levels in the maternal circulation 6,23,28–30, whereas those with 
milder SGA do not show the higher than normal maternal sFLT1 levels 23,28 –32. In the current study, 
we defined SGA as a birth weight below the 10th percentile, corrected for gestational age at 
delivery, parity, and gender. Our data demonstrate increased FLT1 mRNA levels in placentas from 
normotensive SGA newborns compared with appropriate for their gestational age newborns. It 
would be logical to assume that placental dysfunction characterized by increased sFLT1 levels 
may relate to either SGA fetuses or preeclampsia. However, one would expect that this holds 
true especially for those SGA neonates with signs of placental insufficiency like aberrant Doppler 
waveforms during pregnancy. We did not find evidence for this in our patients. It could be that 
the placenta “senses” fetal nutritional problems, and high FLT1 levels are a placental signal to 
increase uterine blood flow33. This mechanism can be activated anytime during pregnancy, 
which in case of our normotensive SGA pregnancies with normal Doppler, might be relatively 
late. As a consequence, the systemic endothelial damage and preeclamptic clinical symptoms 
may not (yet) be overt in these cases. Although in our population, the placental FLT1 transcript 
levels correlate with increased maternal blood pressure, women who deliver an SGA infant have 
similar increased FLT transcript levels without sign of a systemic endothelial dysfunction.
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PERSPECTIVES

The current data demonstrate that all FLT1 transcript variants are increased in preeclamptic 
placentas compared with normotensive placentas. The complex patterns of FLT1 transcription 
and splicing in preeclamptic and SGA placentas obscure an exact relationship between 
circulating FLT1 levels and gestational hypertensive disease. Based on placenta specificity 
and levels of expression, methods that would measure specific sFLT1 isoforms in the maternal 
circulation may perform better in predictive or diagnostic assays for preeclampsia than the 
currently used FLT1 assays.
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