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ABSTRACT

Introduction: Soluble fms-like tyrosine kinase-1 (sFLT-1) is
the form of the Vascular Endothelial Growth Factor (VEGF)
receptor-1. Itis an anti-angiogenic protein tyrosine-kinase receptor
that binds to the VEGF. In pregnancy, the overexpression of
receptor in placenta inhibits the formation of new blood vessels
in uterus, and has been implicated in abnormal embryonic and
placental development, and other complications of pregnancy
like preeclampsia.

Aim: To determine the levels of soluble fms-like tyrosine
kinase-1 (sFLT-1) in sera of apparently healthy pregnant women
in the gestational age group of 4 to 10 weeks.

Materials and Methods: A cross-sectional study conducted
at Sri Ramachandra Medical College and Research Institute,
Chennai, Tamil Nadu, India. Serum sFLT-1 levels of 140 pregnant

women (in first trimester of their pregnancy) were measured by
Enzyme-Linked Immuno Sorbent Assay (ELISA). Correlation of
gestational age with sFLT-1 values was performed by using Karl
Pearson’s correlation coefficient.

Results: The mean value of sFLT-1 in pregnancy was found to be
1043+435 pg/mL. A significant positive correlation was observed
between gestational age and sFLT-1 in early pregnancy. Linear
regression equation for predicting the sFLT-1 level based on the
gestational age=282.57+94.23* (gestational age in weeks).

Conclusion: sFLT-1 levels were observed to be directly correlated
to the gestational age, and increased with gestational age.
Determining the level of sFLT-1 in early first trimester of pregnancy
and establishing its reference interval based on gestational age
can help in differentiating normal pregnancy from a non-viable
pregnancy in the early stages.
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INTRODUCTION

Soluble fms-like tyrosine kinase - 1 (sFLT-1) is a protein tyrosine-
kinase with anti-angiogenic characteristics. It is the soluble form of
the VEGF receptor -1 which was first discovered and reported by
Kendall RL and Thomas KA [1]. VEGF is a physiological regulator
of angiogenesis in the skeleton, and is also known to be involved
in vasculogenesis, angiogenesis, and lymphangiogenesis during
embryonic and postnatal development [2]. sFLT-1 binds with
both Placental Growth Factor (PIGF) and VEGF, reduces their free
concentration and thus leads to inhibition of angiogenesis. Therefore,
it can be postulated that sFLT-1 is a cardinal regulatory component
of angiogenesis in various tissues and is implicated in numerous
diseased conditions with abnormal vascular growth [3].

sFLT-1 is primarily produced in the liver, brain, kidney and placental
tissues [4]. However, unlike VEGF-R1, sFLT-1 lacks the trans-
membrane domain and circulates freely in the bloodstream from
the site where it is secreted to the other sites where its action is
exerted [3].

A crucial aspect of successful implantation of the zygote within
the uterine endometrium is the establishment of angiogenesis-the
physiological process of growth of new blood vessels from previously
existing microvasculature involved in growth and repair. After a certain
point in pregnancy, vascular transformation is necessitated rather
than angiogenesis. sFLT-1 plays a major role in regulating the balance
between these two processes. Although small quantities of sFLT-1
are secreted by the monocytes and endothelial cells, the placenta
is the major source of protein required for foetus development [5].
sFLT-1 mRNA is strongly expressed in placenta, and levels in serum
decrease significantly post-delivery [6,7]. Szalai G et al., study on
mice models suggests that sFLT-1 is essential for normal embryonic
development [8]. Monitoring the levels of sFLT-1 in the early first
trimester especially during the first 4 to 10 weeks helps in determining
the normal development and functioning of the placenta which is
the prerequisite for normal embryonic development. Establishing
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the normal levels for this receptor can aid in early detection of
complications of pregnancies. Based on these findings, the present
study was conducted as an attempt to determine sFLT-1 levels in
apparently normal pregnant women in their early first trimester in
the gestational age group of 4 to 10 weeks. This work is part of a
research on the topic to study the hormonal and other biomarkers of
first trimester of pregnancy [9].

MATERIALS AND METHODS

The present cross-sectional study was conducted at Sri
Ramachandra Medical College Hospital & Research Institute (SRMC
& RI), Chennai, Tamil Nadu from July 2017 to September 2017. The
study was conducted in accordance with the recommendations
of the Institutional Ethics Committee (Reference number: IEC-
NI/14/0OCT/43/61) and as per the guidelines of the 1964 Helsinki
declaration and its later amendments. Apparently healthy 140
pregnant women (aged of 19-42 years) in 4-10 weeks of gestation
visiting the OBG Department for regular check-ups were selected.
The purpose of the study was explained to all the participants and
written informed consent was obtained before commencement of
the study. Pregnant women aged 18 years or above with serum
B-hCG =5 IU/L with singleton normal gestation confirmed by
ultrasonography and gestational age <10 weeks were included.
Women who underwent Artificial Reproductive Therapy (ART) were
excluded from the study.

Maternal age and gravidity of all subjects participating in the
study were documented. Their ultrasound reports were used to
identify the gestational age. Venous blood was collected by trained
phlebotomist in serum separator tubes. Serum was obtained by
centrifugation at 3000 rpm for 10 minutes at room temperature and
stored at -20° C until further analysis. sFLT-1 was assayed using
ELISA kit (R&D Systems, USA; Catalogue No. DVR100B) as per
manufacturer’s instructions.
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STATISTICAL ANALYSIS

Statistical analyses were performed using Statistical Package for the
Social Sciences (SPSS Inc., Chicago, IL, USA) software for version
16.0. The numerical data were presented as meanzstandard
deviation (mean+SD) and the categorical data were presented
as number. Correlation of gestational age with sFLT-1 values was
performed by using Karl Pearson’s correlation coefficient. and a
p-value <0.05 was considered significant.

RESULTS

The average maternal age, gestational age and gravidity of the
pregnant women in this study are tabulated in [Table/Fig-1]. Mean
sFLT-1 was found to be 1043+435 pg/mL. The minimum sFLT-1 level
was 163 pg/mL and maximum was 2585 pg/mL [Table/Fig-1].

Variable Mean+SD Measure range (Min-Max)
Maternal age (years) 24.8+3.5 19-42
Gestational age (weeks) 6.3+1.6 4-10

Gravidity 1.4+£0.5 1-3

SFLT-1 (pg/mL) 1043+435 163-2585

[Table/Fig-1]: Baseline characteristics and sFLT-1 values of the study participants.

Gestational age was positively correlated with serum sFLT-1
concentration (r-value 0.549, p<0.001). A scatter-plot demonstrating
the distribution of sFLT-1 values across gestational age is presented
in [Table/Fig-2]. A gradational increase in sFLT-1 values along with
the progression of pregnancy was observed.

3000.00

2500.00 - * *

@ sFLT-1
r=0.549

sFLT-1(pg/ml)
g B 3
e © o
8 8 8

500.00 -

0.00 T T T T 1

Gestational age (weeks)
[Table/Fig-2]: Scatter plot demonstrating the distribution of sFLT-1 across gestational

age.

The women were divided into two groups based on their gestational
age: the first group comprised of women in 4 to 6 weeks of gestation
and the second group comprised of women in 7 to 10 weeks
gestation. The mean, SD and range of serum FLT-1 levels are
tabulated in [Table/Fig-3].

Gestational week wise mean, SD and range were calculated and
tabulated in [Table/Fig-4]. A multiple linear regression was calculated
to predict sFLT-1 values based on gestational age. The regression
equation for predicting the sFLT-1 level based on the gestational
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Gestational age sFLT-1 (pg/mL) Normal pregnant women (n=140)
N 87
4-6 weeks Mean+SD 8931398
Range 496-2572
N 53
7-10 weeks Mean+SD 1930+£1593
Range 163-2585

[Table/Fig-3]: Serum sFLT-1 levels in normal pregnant women based on gestational

age.

age is equal to 282.57+94.23 * (Gestational age in weeks). The
calculated sFLT-1 based on the above mentioned regression formula
is on the lower side of the measured mean.

DISCUSSION

In normal pregnancy, enormous quantities of VEGF are secreted
from macrophages at the Nitabuch’s stria of decidua during the
first trimester of pregnancy [10]. Here vascular transformation
is necessitated instead of angiogenesis, and a balance between
angiogenesis and vascular transformation is essential. sFLT-1
is produced by the trophoblastic cells of the placenta which are
positioned between the mother’s blood vessels on one side and
the umbilical vessels on the side of the foetus [11]. sFLT-1 binds
with both VEGF and PIGF, forming a barricade in opposition to
atypical vascular penetrability and aberrant angiogenesis, and
prevents merging of foetal blood vessels to maternal capillaries.
The trophoblastic villi have an uninterrupted communication with
maternal circulation within the placenta and therefore, the proteins
produced there can be identified in maternal blood. These sFLT-1
levels are insignificantly low in men and non-pregnant women where
sFLT-1 are expressed by tissues other than placenta [12]. Since there
is a significant increase in placental size and villous trophoblast in
the course of pregnancy, it is to be expected that the overall sFLT-1
production will increase [13].

Futhermore sFLT-1 is a marker of angiogenesis, it is expected to
be altered in non-viable Intrauterine Pregnancy (IUP) [10]. Variation
in blood levels of this receptor has been implicated in failing and
abnormal pregnancies like ectopic pregnancy and preeclampsia.
Muttukrishna S et al., reported similar findings presenting that
sFLT-1 levels in early pregnancy are inversely correlated to the level
of oxygen in the placental blood [14].

Various studies suggest that an uncharacteristic raise in the level
of serum sFLT-1 in expectant mothers is associated with the
degree of preeclampsia [5,8,15,16]. sFLT-1 released from the
placenta travels in the mother’s circulation to distant target organs
and are responsible for the multisystem endothelial dysfunction
in preeclampsia [15]. Mice models also reports overexpression
of sFLT-1 levels in implication of preeclampsia [8]. While another
study reported that reduction in sFLT-1 level was found to alleviate
preeclampsia-like symptoms in mouse model [16].

[Table/Fig-4]: Comparison of sFLT-1 across gestational age observed in the subjects.

Measured sFLT-1

Gestational age (weeks) No. of cases Minimum Maximum | sFLT-1 (pg/mL) (Mean+SD) | Calculated sFLT-1* (pg/mL) (Mean+SD) p-value
4 15 496 2572 873+508 660 0.1267
5 34 332 1817 839+350 754 0.1661
6 38 526 2012 967+336 848 0.0354
7 25 163 2127 1007+390 942 0.0349*
8 13 963 1783 1408+182 1036 <0.0001##
9 7 1372 1568 1482+70 1131 <0.0001##
10 8 1288 2585 1777+375 1225 0.0042#

Measured and calculated sFLT-1 values for different gestational age (4 to 10 weeks) were compared and p-values calculated using student t-test; *Regression equation for sFLT-1= 282.57+94.226 *
(gestational age in weeks); * Statistically significant; * Very statistically significant; *“*“Extremely statistically significant
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Since the implantation of an Ectopic Pregnancy (EP) at the tubal
site is unfavourable, it provides an abnormal environment with
insufficient nutrition and oxygen to the developing embryo. This
hypoxic environment increases the expression of VEGF in the
ectopic site. It has been reported that VEGF in serum of women
with EP is elevated in comparison with Intra-Uterine Pregnancy
IUP [17]. There is also a reduction in the levels of sFLT-1 in EP
women however; the exact mechanism of reduction of sFLT-1 levels
remains unclear. Measurement of sFLT-1 therefore aids in identifying
implantation of the embryo at an ectopic site and can be used as an
early biomarker for EP [18,19].

In the present study, the mean value of sFLT-1 in pregnant women
in the gestational age of 4-10 weeks was found to be 1043 pg/mL.
These findings were in accordance with Daponte A et al., results,
who reported the median sFLT-1 in normal pregnant women as
1390.32 pg/mL [18]. In contrast, the sFLT-1 values reported by
Martinez-Ruiz A et al., were lower at 505 (121-945) pg/mL [19].
The difference in the reported value can be accounted to different
population (s) studied. Statistically significant positive correlation
was observed between gestational age and sFLT-1 levels (r-value
0.549). Similar positive correlation was reported by Kim SY et al.,
and Wataganara T et al., [20,21].

Although a transvaginal ultrasound can detect a gestational sac
as early as 5 weeks; the foetal pole visualised at 6 weeks and the
foetal heart beat is picked up by around 7 weeks of gestation,
5-42% of the ultrasound are inconclusive at first presentation
[22]. The initial 4-6 weeks of conception are therefore critically
important from a diagnostic viewpoint, to determine the presence
of an extra-uterine implantation of blastocyst or a non-viable
pregnancy. In the present study, pregnant women were divided
into two groups based on gestational age: 4-6 weeks and 7-10
weeks. The measured sFLT levels in the former group was 893
pg/mL and the latter was 1930 pg/mL. In the present study,
Maternal age (years), gestational age (weeks) and gravidity were
not found to influence sFLT-1 concentration, as also evidenced by
Tsiakkas A et al., [23].

A multiple linear regression was performed to predict sFLT-1 values
based on gestational age. The regression equation for predicting
the sFLT-1 level based on the gestational age was derived to be
282.57+94.226 * (gestational age in weeks). sFLT-1 increased
by 94.226 pg/mL in addition to the constant factor of 282.57 for
each gestational week from 4 to 10 weeks in normal pregnancy.
So the calculated expected values for a particular gestational age
can be compared with the measured values in pregnant women
with suspicion of a non-viable or failing pregnancy to rule out the
same. The study by Richardson A et al., evaluated the association
of sFLT-1 with viability of pregnancy [24]. A recent study by Cerdeira
AS et al., confirmed the main source of sFLT-1 in pregnancy to be
the placenta, furthering evidence on our hypothesis [25].

LIMITATION

Relatively small sample size and uneven number of cases in
different gestational age groups are few limitations of the present
study. Further cohort studies are required to establish gestational
age-specific reference range for early diagnosis of abnormal/
failing pregnancies.

CONCLUSION

sFLT-1 levels in pregnancy helps in establishment of a balance
between angiogenesis and vascular transformation, and
concentration of sFLT-1 gives an overview of location of
placentation in pregnancy. Therefore, establishing the normal
reference range can help in early diagnosis of complication of
pregnancies like ectopic pregnancy, preeclampsia and other
failing pregnancies.
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