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Current opinions on PlGF  
and sFlt-1 as reliable markers  

for preeclampsia 

Preeclampsia is an increasingly frequent condition 
that affects pregnant women and, if undetected in a 
timely fashion, can be a source of morbidity and mor-
ta lity for both mother and child. Both PlGF and Flt-1 
have been involved in the mechanisms behind this 
patho logy, and are currently being used both as diag-
nos tic markers and possible therapeutic targets.
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Preeclampsia este o condiție patologică ce afectează din ce 
în ce mai frecvent femeia gravidă și, nedetectată în timp util, 
poate fi o cauză de morbiditate și mortalitate, atât pentru 
mamă, cât și pentru făt. Atât PlGF, cât și Flt-1 au fost implicate 
în mecanismele care generează această patologie și sunt 
actualmente utilizate ca markeri diagnostici, dar și ca posibile 
ținte terapeutice.
Cuvinte-cheie: PlGF, sFlt-1, preeclampsie, raportul PlGF/sFlt-1 
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Opinii actuale despre PlGF şi sFlt-1 ca martori fideli ai preeclampsiei
Suggested citation for this article: Bouariu A, Popescu M, Iancu G, Botezatu R, Gică N, Peltecu G, Panaitescu AM. Current opinions on PlGF and sFlt-1 as reliable 
markers for preeclampsia. Ginecologia.ro. 2019;26(4):24-27.

Submission date:  
11.09.2019 
Acceptance date: 
28.09.2019

Alexandra  
Bouariu1,  

Mihaela  
Popescu2,  

George Iancu1,  
Radu Botezatu1,  

Nicolae Gică1,  
Gheorghe  

Peltecu1,  
Anca Maria  

Panaitescu1

1. Department of Obstetrics  
and Gynecology,  

Filantropia Clinical Hospital  
of Obstetrics and Gynecology,  

Bucharest;   
“Carol Davila” University  

of Medicine and Pharmacy,  
Bucharest

2. Department of Cardiology,  
“Elias” University Emergency  

Hospital, Bucharest;  
“Carol Davila” University  

of Medicine and Pharmacy,  
Bucharest

Corresponding author:  
Gheorghe Peltecu  

E-mail: gheorghe.peltecu@ 
gmail.com

Introduction
The reduction of both maternal and fetal mortality 

and morbidity is a long-standing objective in modern 
medicine. Preeclampsia is an increasingly diagnosed pa-
thology in pregnancy, with an incidence of up to 4.6%, 
thus explaining why the interest for its early detection 
and timely treatment has peaked in recent years.

Apart from the classical diagnostic criteria of preec-
lampsia, the PlGF (placental growth factor), sFlt-1 (solu-
ble fms-like tyrosine kinase receptor-1) and the PlGF/
sFlt-1 ratio are gathering momentum as both diagnostic 
markers and possible options for therapy.

The structure and function of PlGF and Flt-1
Dimeric glycoproteins, the placental growth factor, 

the vascular endothelial growth factor (VEGF) and the 
Fos-induced growth factor (FlGF) are members of a fam-
ily of structurally related growth factors and share im-
portant biochemical and functional features(1). 

Abundantly expressed on the endothelial cells, the 
vascular endothelial growth factor exerts its action 
through the binding to VEGF receptor-1 (also denoted 
Flt-1) and VEGF receptor-2 (also denoted Flk-1/KDR). 
Both the vascular endothelial growth factor and placen-
tal growth factor have the ability to stimulate the pro-
liferation of endothelial cells and angiogenesis in vivo(2).

In fact, the placental growth factor is observed 
to be highly expressed in the feto-placental unit in 
all stages during human gestation, but also in inva-
sive and non-invasive hydatiform moles(3). Human 
PlGF gene is encoded by chromosome 14q24 and has 
four isoforms, but the correlation among diseases 

located on these chromosomes’ regions has not yet 
been proven(4). Chromosomal conditions associated 
with changes in the structure or number of copies 
of chromosome 14q24 include not only a major sus-
ceptibility to a variety of cancers of blood-forming 
cells (leukemias)(5), cancers of immune system cells 
(lymphomas)(5), asthma(6), epilepsy(7), but also con-
genital syndromes (FOXG1 syndrome)(8). In tumor 
cells (solid and hematological), PlGF expression cor-
relates positively with cancer severity and there is an 
inverse relationship between PlGF and survival rate(9). 
It was observed that overexpression of PlGF can de-
crease angiogenesis, VEGF/PlGF heterodimers being 
less pro-angiogenic than VEGF homodimers(10), and 
blocking PlGF can improve the quality of tumor vascu-
larization, as shown in another study(11). Data from a 
phase-1 study in patients with recurrent glioblastoma 
did not show improved survival after the treatment 
with an anti-PlGF monoclonal antibody in combina-
tion with anti-VEGF antibody bevacizumab(12). 

The presence of PlGF was detected and researched 
through immunohistochemistry studies in the vas-
culosyncytial membrane and in the media of large 
vessels of the placenta villi(13). Another analysis, in situ 
hybridization, shows that PlGF is found in the villous 
trophoblast, while VEGF is present in cells of mesen-
chymal origin within the chorionic plate(14). Northern 
blot analysis detected low levels of PlGF messenger ri-
bonucleic acid in human heart, lung, thyroid, brain and 
skeletal muscle(3). The same PlGF messenger ribonucleic 
acid was observed in choriocarcinoma, umbilical vein 
endothelial cells and hepatoma(2). PlGF was detected 
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in the endometrial tissue during the secretory phase 
of the human menstrual cycle, but the role in embryo 
implantation was not closely characterized(15). 

It is known that placental growth factor expression 
undergoes transcriptional and post-transcriptional reg-
ulation and the major stimuli of PlGF mRNA are the hy-
poxic conditions(2). Another research showed that PlGF 
stimulates the growth of certain types of endothelial 
cells, which have derived from specific tissues, and the 
main target for the angiogenic effects of PlGF is the en-
dothelium of post-capillary venules, which is more prone 
to respond to mitogenic stimuli in comparison with the 
umbilical cord vein endothelium(16).

The PlGF homodimer binds and induces autophos-
phorylation of VEGF receptor-1 (also known as Flt-1), 
through the immunoglobulin-like domain 2 of the Flt-
1(16,17). PlGF 1 and 3 are diffusible isoforms and probably 
affect targets in a paracrine manner, whereas PlGF 2 
and 4 have heparin binding domains and act in an au-
tocrine manner. The activation of the VEGF receptor-1 
intracellular signaling pathway leads to mitogenic and 
chemotactic effects of PlGF on endothelial cells(2). Pla-
cental growth factor is pro-angiogenic, as it enhances the 
activity of vascular endothelial cells, by competitively 
binding to the VEGFR-1 receptor, allowing VEGF to bind 
to VEGFR-2 which has stronger tyrosine kinase activ-
ity. PlGF amplifies VEGFR-2 response to VEGF bind-
ing through intermolecular transphosphorylation and 
forms a heterodimer with VEGF, which may have either 
pro-angiogenic, or anti-angiogenic effects(9).

Among the members of tyrosine kinases receptor-
type family, the vascular endothelial growth factor 1 
(VEGFR-1) was first isolated from the human placenta 
and mentioned as Flt-1 or Fms-like tyrosine kinase, due 
to its structural similarity to members of the Fms fam-
ily(18). Flt-1 binds the VEGF-related growth factor PlGF 
with high affinity and stimulates angiogenic activities. 
PlGF is expressed in placental tissues, but the amino-
acid sequence of PlGF is 53% identical to that of VEGF(2).

The Ftl-1 gene is described on human chromosome 
13q12-13(19) and has specific functions under conditions 
of embryonal and pathological angiogenesis(20). In rela-
tion to chromosome 13, women carrying trisomy 13 
fetuses have an increased risk of preeclampsia and high 
circulating concentrations of sFlt-1 (soluble Flt-1)(21). Dur-
ing the early stages of the embryonal development, 
Flt-1 is expressed in the primitive endothelial cells 
outside the blood islands at 8.5 days and in the vas-
cular endothelial cells of the embryo(22). Flt-1 mRNA  
is strongly expressed under hypoxic conditions in en-
dothelial cells(23). sFlt-1 is thought to be responsible for 
the maternal dysfunctional hypoxic placenta (Figure 
1), causing peripheral vasoconstriction in the attempt 
to raise maternal blood pressure. The reason for this 
mechanism is the tendency to increase the oxygenated 
maternal blood flow through the intervillous space and 
can lead to systemic vascular findings with preeclamp-
sia(24). Flt-1 captures and inhibits pro-angiogenic factors 
involved in the proliferation, survival and fenestration 

of endothelial cells, such as placental growth factor and 
vascular endothelial growth factor(25). It was observed 
that once an individual threshold of angiogenic im-
balance is reached, the first clinical manifestations of 
preeclampsia appear. The sFlt-1/PlGF imbalance can 
become evident as early as one month before preec-
lampsia develops clinically, especially in the most se-
vere and early-onset forms(26).

Figure 1. Implication of sFlt-1 in the dysfunctional 
placenta (sEng: soluble endoglin; sFlt-1: soluble fms-like 
tyrosine kinase receptor-1)
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The importance of sFlt-1/PlGF ratio
The concentrations of PlGF depend on gestational 

age, with a low level in the first trimester of normal 
pregnancies, and they have the tendency to increase 
from week 11 to week 12, with a peak value at week 30, 
after which they decrease. This is in contrast with sFlt-1, 
which increases towards the completion of pregnancy(27).

At the time of diagnosis with preeclampsia, as well 
as in advance of syndrome onset, both urinary and se-
rum PlGF are low, due to a combination of decreased 
expression and sFlt-1 binding(26). In early pregnancy, the 
PlGF expression in the placenta is decreased in women 
who develop preeclampsia, the level of serum PlGF be-
ing lower than in normal pregnancies, while the sFlt-1 
level is unchanged. Later in pregnancy, there is a re-
ciprocal relationship between sFlt-1 and PlGF, with a 
rising levels of total sFlt-1 and lower PlGF levels, which 
is bound by sFlt-1(28). An important observation is that 
both women with clinical suspicion of preeclampsia and 
women without preeclampsia, who give birth to small-
for-gestational-age babies, have also low PlGF early in 
pregnancy(29).

Based on the previously mentioned mechanisms and 
useful for establishing the real risk of developing preec-
lampsia among pacients, the sFlt-1/PlGF ratio has been 
studied enthusiastically. The PROGNOSIS study shows 
that the sFlt-1/PlGF ratio and none of the markers taken 
individually are predictive of the short-term absence 
or presence of preeclampsia in women between 24 and 
36+6 weeks of pregnancy(30). Another research, the 
PELICAN study, showed that the PlGF test alone had a 

very high accuracy for predicting preeclampsia requir-
ing delivery within 14 days for women presented with 
suspicion of preeclampsia between 20 and 34 weeks 
of gestation(31) (Table 1). Verlohren et al., in 2014, ob-
served that the sFlt-1/PlGF ratio could be useful for 
establishing an accurate diagnosis of preeclampsia at 
different cutoffs, depending on the gestational age, 
the early or late onset of preeclampsia(32) (Table 1). 
The same research team raised the hypothesis that 
the sFlt-1/PlGF ratio can also be useful to differentiate 
the various hypertensive disorders of pregnancy, espe-
cially before 34 weeks(33). The studies aforementioned 
have the disadvantage of being conducted on selected 
population singleton pregnancies without congenital 
anomalies, but insufficiently studied in situations such 
as structural and chromosomal abnormalities or mul-
tiple pregnancies. On the other hand, a combination of 
maternal characteristics, mean arterial pressure, uter-
ine artery pulsatility index, PAPP-A and PlGF, currently 
widely used as a predictive algorithm at 11-13 weeks 
gestation by the Fetal Medicine Foundation, detects 
95% and 46% of women with early and late preeclamp-
sia, respectively with a false-positive rate of 10%(34).

Abnormal sFlt-1/PlGF ratio offers limited informa-
tion regarding similar antiangiogenic states, such as 
HELLP (Hemolysis, Elevated Liver enzymes, Low Plate-
lets) syndrome, acute renal failure, refractory hyperten-
sion, pulmonary edema or fetal well-being impairment, 
and therefore requires further research and other de-
tailed maternal and fetal evaluations to complete the 
diagnosis and future outcome(35).

Study Gestational age Results

PROGNOSIS study(30) 24-36+6 weeks of gestation sFlt-1/PlGf ratio≤38
NPV 99.3% – first week

(95% CI; 97.9-99.9)
NPV 97.9% – 2nd week
NPV 95.7% – 3rd week
NPV 94.3% – 4th week

sFlt-1/PlGf ratio>38 
PPV 36.7%

(95% CI; 28.4-45.7)
Sp 83.1% 

(95% CI; 54-77)
Sn 66.2%

(95% CI; 79.4-86.3)

PELICAN study(31) 20-34 weeks of gestation PlGF<100 pg/Ml
Sp 56% (95% CI; 89-99)
Sn 96% (95% CI; 49-63)

PPV 44% (95% CI; 36-52)
NPV 98% (95% CI; 93-100)

Verlohren et al., 2014(32) early-onset
preeclampsia

late-onset preeclampsia

sFlt-1/PlGf ratio>85
Sp 99.5%

(95% CI; 97.7-100)

sFlt-1/PlGf ratio>100
Sp 95.5% 

(95% CI; 92.9-100)

*NPV: negative predictive value; PPV: positive predictive value; Sp: specificity; Sn: sensitivity

Table 1 sFlt-1/PlGF ratio research data
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Potential therapeutic targets
Despite its important predictive value, the sFlt-1/

PlGF ratio and both biomarkers alone were studied 
as a potential target for therapies. In a pilot study, 
Thadhani et al. confirmed that removing sFlt-1 with 
dextran sulfate apheresis, from the excessive placen-
tal level secreted in the maternal circulation, was safe 
to use during pregnancy and the gestational age of the 
treated patients was prolonged(36,37). 

Therefore, further randomized controlled trials 
must confirm this hypothesis. Brownfoot et al. con-
ducted an experimental treatment for preeclampsia, 
with pravastatin, which reduced sFlt-1 level in the 
maternal circulation and decreased endothelial dys-
function in cell culture experiments(38). 

The previous group published a pilot data suggest-
ing that pravastatin can positively interfere with clini-
cal and biochemical features of preterm preeclampsia, 
but studies to confirm the importance of pravastatin 

in randomized controlled trials are still under careful 
observation(39). 

Different PlGF treatment reports, on rodent mod-
els, evaluated the possibility of new means of treating 
preeclampsia, using exogenous PlGF, by continuous 
infusion via an intraperitoneal osmotic pump of re-
combinant human PlGF (rhPlGF)(40) or by transfection 
of mice with adenovirus(41). The first method is shown 
to reduce blood pressure, proteinuria and improve glo-
merular filtration rate in addition to reducing markers 
of oxidative stress, while the second one reduced hyper-
tension but not proteinuria. Therefore, the treatment 
of preeclampsia with PlGF needs to be further studied; 
it seems promising, but many uncertainties remain.   n
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