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1. Introduction

Objective: To evaluate the role of soluble fms—like tyrosine kinase—1 (sFlt—1) and vascular
endothelial growth factor (VEGF) for prediction of pregnancy loss in patients with history of
unexplained early recurrent pregnancy loss (RPL). Methods: A prospective case control study
was conducted in 42 women with history of unexplained early RPL, and 170 pregnant controls
with history of uncomplicated pregnancy. We measured maternal serum sFli—1 and VEGF at
gestational age 6-9 weeks as predictor for pregnancy loss. Results: Mean serum levels of sFlt-1
and VEGF were significantly higher in RPL group than controls (10439.74+385.4 vs 3304.5+104.8;
P<0.0001, for sFli—1, and 1885.0+98.3 vs 709.8+24.8; P<0.0001, for VEGF). Receiver operating
characteristic (ROC) curves analyses established that sFli—1 and VEGF were able to discriminate
women at risk of developing pregnancy loss with area under ROC curve 0.970 for sFlt—1 and 0.953
for VEGF. Cutoff value of 5159.5 pg/mL for sFlt—1 was predictor for early pregnancy loss with
95.2% sensitivity, 91.2% specificity, and odds ratio (OR) 206 [95%confidence interval (C), 45.4—
941]. Cutoff value of 915.5 pg/mL for VEGF was predictor for early pregnancy loss with 92.9%
sensitivity, 90.6% specificity, and OR 125 [95% CI: 34.7-451]. Conclusion: These data advocate a
relationship between sFli—1, VEGF, and RPL suggesting that the high levels of sFli—-1 and VEGF
might be associated with the pathogenesis of RPL.

mechanisms. Despite a wide range of investigations, no
obvious reason can be established in more than 50% of

casesl3l.

Pregnancy loss is the most common complication of
pregnancy which affects up to 15% of the reproducing
couples and recurs in 2% to 3% of them [1l. Recurrent
pregnancy loss (RPL) is defined as two or more unsuccessful
pregnancies, in which the pregnancy is defined as a
clinical pregnancy documented by ultrasonography or
histopathological test [21. The pathophysiology of RPL is

complex with many unknown contributing factors and
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The success of the implantation of an embryo depends
on the formation of its own blood vessels. Therefore, the
successful establishment of fetoplacental circulation is
essential for the continuation of pregnancyl4l. A defective
maternal hemostatic response leading to hypoxia secondary
to thrombosis of the utero—placental vasculature has
been hypothesized to subsequently lead to miscarriage.
This may comprise impairment of trophoblast invasion,
villitis, thrombosis in decidual vessels, and placental
microthrombi 5. Recent studies reported that high
expression levels of the soluble fms—like tyrosine kinase—1
(sFlt—1) mRNA and the vascular endothelial growth factor
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(VEGF) mRNA are found in the chorionic villus tissue of
women with RPL6]. VEGF, which has a mitogenic effect on
endothelial cells and increases their migratory capacity, is
secreted from many tissues, including the placenta. VEGF
controls physiological and pathophysiological vascular
development [71. The biological activity of VEGF is regulated
by a soluble portion of sFlt—1 receptor which is primarily
secreted by the placenta. Excess circulating sFli—1 binds
to VEGF with high affinity, thereby neutralizing it [8I. The
circulating sFlt—1 is an antiangiogenic factor that is secreted
by the placenta 9. Two—thirds of pregnancies that are lost to
miscarriage are believed to be due to defective placentation
associated with an absence of physiological changes in
maternal spiral arteries [10. A poorly vascularized (hypoxic)
placenta stimulates excessive sFli—-1 and VEGF production,
which leads to endothelial dysfunction. However, the
mechanisms by which VEGF and sFlt—1 induce miscarriage
remain unclearli1].

We conducted a prospective case control study to evaluate
the hypothesis of association between elevated sFli—1
and VEGF as markers of defective placentation and early
pregnancy loss in patients with history of unexplained early
RPL.

2. Materials and methods
2.1. Subjects

A prospective case control study was carried out between
March, 2011 and February, 2013 at the Department of
Obstetrics and Gynecology at a large Governmental
Hospital, Dhahran, Saudi Arabia. The local Institutional
Ethics Committee approved the study protocol and a written
informed consent was obtained from all participants. All
investigations were directed along with the principles stated
in the Declaration of Helsinki.

The study enrolled 524 women that had experienced
unexplained early recurrent pregnancy loss (RPL) prior to
the current pregnancy. Only 42 patients, that subsequently
miscarried, were included in this study. The study also
included a matching control group including 170 randomly
allocated women who had no previous history of early
pregnancy loss and continued the current pregnancy with a
living fetus beyond 13 weeks.

Inclusion criteria for the study were the presence
of informed consent, maternal age >16 years and < 40
years, regularly menstruating women, and women with
at least one live birth in the control group. Exclusion
criteria were multiple gestation, history of obstetric or

medical complications as intrauterine growth restriction,

preeclampsia, preterm labor, diabetes, renal insufficiency,
or chronic hypertension.

Early recurrent pregnancy loss was defined as 2 or more
losses wherein the pregnancy was documented by an
ultrasonography or a histopathological test occurring before
gestational age of 13 weeks [2I. Unexplained pregnancy
loss was made after other presumptive etiological causes
of RPL were found to be normal i.e. glucose tolerance
test, hysterosalpingography that excludes any anatomic
abnormality, cervical incompetence, and intrauterine
adhesions, karyotyping of parents, antiphospholipid
antibody syndrome assessment, and hormonal profile.

Baseline characteristics of all women were recorded at the
first visit of antenatal care. Gestational age was calculated
from the menstrual dates or dates of the first trimester
ultrasound. Fetal cardiac activity was confirmed by an
ultrasound. All women enrolled were examined one time
per week until gestational age of 13 weeks. Examinations
included clinical symptoms, serum g—human chorionic
gonadotropin (f =hCG) levels and ultrasound. In all
patients that miscarried, an ultrasound was done to confirm
embryonic death before inclusion in the study. Meanwhile,
the outcome of pregnancy was monitored until term in the
control group.

Peripheral blood samples for sFli-1 and VEGF were taken
from RPL patients at gestational age 6—9 weeks. Meanwhile,
samples were taken in the controls after documentation
of fetal cardiac activity in the period between 6-9 weeks
of gestation. Maternal plasma samples were isolated by
centrifugation at 2 500 g for 10 minutes. Aliquots of plasma
samples were stored at —80 °C until future analysis. Levels
for sFlt—-1 and VEGF were measured with a commercially
available enzyme-linked immunosorbent assay (ELISA)
(ELISA, R&D System, Minneapolis, MN, USA) according to
the manufacturer’s instructions. All plasma samples were
run twice on the assay plate. If more than 10% variation
existed, the assay was repeated and the average was
entailed. The sensitivity of the test assay was 13.3 and 9 pg/
mL for sFlt—1 and VEGF respectively. The detection limit
for sFli—-1 and VEGF was 31.2 pg/mL. The interassay and
intraassay coefficients of variation were 5.4% and 11.2% for
sFlt—1 and VEGF. Personnel who performed the assays of
analytes were blinded to the clinical information.

2.2. Statistical analysis

At the start of this study, no other published trial had
evaluated the association between both early pregnancy levels
of sFlt—1 and VEGF and early RPL. Thus, we conducted a
pilot trial of 20 patients in the RPL group and 80 patients in
the control group before the full trial. A large Cohen’s effect
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size (d) was found. Thus, Priori analyses using the G*power3
program (Heinrich—Heine—Universiti t, Diisseldorf, Germany)
estimated that a sample size of 42 participants from the case
group and 166 participants from the control group (ratio 1:4)
would provide at least 80% power with an « error of 0.05 and
2—tails to detect differences of approximately 30% between
the case group and the control group.

The Statistical Package for Social Sciences, version 14.0
(SPSS Inc., Chicago, 1L, USA), and GraphPad Prism, version
6 (GraphPad Software Inc., La Jolla, CA, USA) were used
for statistical analyses. Normal distribution of continuous
variables was assessed by the Kolmogorov Smirnov test.
The Student ¢ test was used for continuous variables with
normal distribution, and the Mann Whitney U test was used
for variables that were not normally distributed. The Fisher
exact test was used for analysis of categorical variables.
Results are expressed as mean + standard error of mean,
median (range), and number (percentage). Association
between measured variables and pregnancy loss were
evaluated using receiver operating characteristics (ROC)
curve. Odds ratio (OR) with 95% confidence interval (Cl) was
calculated at the optimum cutoff value. Validity of study
variables was valuated in terms of sensitivity and specificity.
A two tailed P value < 0 .05 was considered to indicate

statistical significance.

3. Results

The baseline clinical characteristics of each group were
presented in Table 1. There were no significant differences
between the two groups in the patients” age, BMI, gestational
age at blood sampling, and number of women previously
using oral contraceptive pills.

The mean sFli—1 level was significantly higher in the RPL
group compared with the control group (10439.7+385.4 pg/mlL,
and 3304.5£104.8 pg/mL; respectively, P<0.0001). As well,
the mean VEGF level was significantly higher in the RPL
group compared to the control group (1885£98.3 pg/mlL, and
709.8+24.8 pg/mlL; respectively, P<0.0001) (Table 2).

Table 3 displayed area under the curve from receiver
operating characteristic (ROC) for sFli—1 and VEGF. Analysis of
ROC curves for sFlt—1 and VEGF demonstrated a considerable
evidence for the use of these markers in identifying women at
risk for developing pregnancy loss with areas under the curve
equal to 0.970 and 0.953 for sFli—-1 and VEGF respectively
(Figure 1, 2). Our data indicated that serum level of sFli—1
at cutoff value 5 159.5 pg/mL was predictor of pregnancy loss
with 95.2 % sensitivity, 91.2 % specificity, and an odds ratio of
206.7 [95% confidence interval (CI) ; 45.4-941.0]. Similarly,
serum VEGF level at cutoff value 915.5 pg/mL would predict

pregnancy loss with 92.9% sensitivity, 90.6 % specificity, and
an odds ratio of 125.1 [95% CI; 34.7-451] (Table 3).

Table 1
Baseline characteristics at time of blood sampling.

Variable R?;fig)up COY}:ZII 7gg;)up P value
Age 31.30£0.37 32.00+0.24 0.174"
BMI (kg/m? 26.40£0.49 25.90+£0.28 0.411"
Gestational age (days) 5342 - 63) 5243 — 63) 0.477"
Smokers 0 1 (0.6 %) F
Oral contraceptive 4 (9.52 %) 36 (21.17 %) o.121%

BMI, body mass index; Data are expressed as meanzstandard error of
mean, median (range), or number (%);* Student ¢ test was used; "Mann—
Whitney U test was used; * Fisher exact test was used; P value < 0.05
is significant.

Table 2
Serum concentrations of sFlt—1 and VEGF.

. RPL group Control group
Variable (n=42) (n= 170, P value
sFlt—1 (pg/mL) 10 439.7+385.4 3304.5+104.8 <0.0001"
VEGF (pg/mL) 1 885.0+98.3 709.8+24.8 <0.0001°

RPL, recurrent pregnancy loss; sFlt—1, soluble fms—like tyrosine
kinase 1; VEGF, vascular endothelial growth factor; * Student ¢ test
was used; P value < 0.05 is significant.

Table 3
The utility of the measurements for subsequent development of
pregnancy loss.

Variable sFlt-1 VEGF
0.970 0.953

HUEIGFED 0.930—1.000) 0.907-0.999)
Cutoff value (pg/mL) 5159.5 915.5
Sensitivity (%) 95.2 92.9
Specificity (%) 91.2 90.6

. 206.7 125.1
Do et 2% (L (45.4-941.0) (34.7-451.0)

sFlt—1, soluble fms—like tyrosine kinase 1; VEGF, vascular endothelial
growth factor; AUC, area under the curve; CI, confidence interval.
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Figure 1. Receiver operating characteristic (ROC) curve of sFlt—1 in

the prediction of early pregnancy loss. Area under the curve (AUC) =
0.97 95% CI: 0.93 to 1; P<0.0001).
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Figure 2. Receiver operating characteristic (ROC) curve of VEGF in

the prediction of early pregnancy loss.Area under the curve (AUC) =
0.953 (95% CI: 0.907 to 0.999; P<0.0001).

4. Discussion

The etiology of recurrent pregnancy loss (RPL) appears
to be diverse and controversial. However, in up to 50% of
cases, no etiology can be identified [3]. In this study, we
found a high level of expression of VEGF and sFli-1 in the
serum of unexplained early RPL patients that subsequently
miscarried, when compared to controls. This supported the
hypothesis that the over—expression of sFlt—1 and VEGF may
be associated with the pathogenesis of RPL. Furthermore,
our data revealed that the serum levels of sklt—1 and VEGF
could be used as potential predictive markers of miscarriage
in women with history of RPL. The serum sFlt-1 at a
cutoff value 5 159.5 pg/mL had 95.2% sensitivity and 91.2%
specificity to predict pregnancy loss. Meanwhile, VEGF at
a cutoff value 915.5 pg/mL had 92.9% sensitivity and 90.6%
specificity.

Recent studies have indicated that placental ischemia/
hypoxia and endothelial dysfunction may contribute to
cases of RPL[12.13]. VEGF and sFli-1 are secreted by the
placenta, and they are especially important for a successful
pregnancylsl. Studies carried out on VEGF knock—out mice,
showed that VEGF plays a significant role in the early
stages of pregnancy during the angiogenesis processl14. 15],
VEGF is responsible for improved vascular permeability
and the proliferation of endothelial cells for the successful
implantation of the embryo. Any dysfunction or reduced
expression of the gene and its products may lead to failure
of implantation [15]. The sFlt—1, an endogenous inhibitor
of VEGF, may play an important role in endothelial
dysfunction. Extra circulating sFli-1 attaches to VEGF with
high affinity, thereby neutralizing it8l. A poorly vascularized
(hypoxic) placenta stimulates excessive sFli—1 formation.
The sFlt—1 is liberated to the circulation, and attached with
VEGF, leading to endothelial dysfunction 7]. It has been
reported that early stages of placental development occur
under relatively hypoxic conditions. Expression of sFlt—1 in
trophoblasts is a response to chronic hypoxia [13]. Genbacev et
al. advocated that, to a certain limit, the placenta is in favor
of invasive cytotrophoblast proliferation under conditions

of chronic hypoxia [161. This physiological hypoxia of the
early gestational sac protects the developing fetus against
the deleterious and teratogenic effects of O, free radicals [17].
However, Zhou et al. reported that increased sFli—1 secretion
was associated with reduced cytotrophoblast invasion in
vitro [18]. Moreover, Germain and colleagues stated that
maternal endothelial dysfunction could impair the invasion
of extra—villous trophoblasts into the spiral arteries which
is necessary to create the high flow and low resistance in
the utero—placental vascular system that provides adequate
blood supply for fetal growth. Consequently, the placentation
defect and the decreased vascular smooth muscle dilatation
and endometrial width may result from that increased
vascular damage, and hence lead to miscarriage [19].

Many studies have reported that the utero—placental
ischemia can result in an elevated sFlt—1 level, which
designates a close association between the placental
ischemia/hypoxia and over—expression of sFlt—1 [20.21]. Until
now, few studies have inspected the relationship between
sFlt-1and VEGF and RPL. Pang and colleagues explored
the relationship between early RPL and the expression of
the genes encoding VEGF and sFlt—-1, and demonstrated
that there was a relationship between early RPL and VEGF
and sFlt—1 levels, suggesting that over—expression of the
sFlt-1 and VEGF may be associated with the pathogenesis
of RPL [6l. In addition, Saml1 et al. displayed that One of
the common polymorphisms of the VEGF gene (1154 G/A
polymorphism) was found to be more frequent in women
with recurrent pregnancy loss when compared to controls
(23.7 vs 3.4%; respectively) indicating that disruption of
VEGF function and placental angiogenesis can contribute to
pregnancy loss in women with recurrent pregnancy loss[51.

On the contrary, Kaitu'u—Lino et al. indicated that sFlt—1
was unlikely to be a useful predictor of miscarriage in the
first trimester clinically, since sFli—-1 had a significant
overlap between cases and controls, and a poor sensitivity
and specificity for predicting miscarriage in asymptomatic
women [22]. Moreover, Muttukrishna and colleagues reported
that serum sFli—1 level was increased by several folds in
early pregnancy and its level was markedly decreased in
threatened miscarriage patients who subsequently had a
miscarriage [231. Those previously reported studies have
shown that VEGF and sFli-1 decrease after miscarriage.
However, these studies included cases with threatened
miscarriage, a condition with premature and excessive entry
of maternal blood inside the placenta and might have two
effects on the villous tissue. First, a direct mechanical effect
with most of the villi is becoming progressively embedded
inside large intervillous blood thrombi. Second, an indirect
widespread oxygen mediated effect causing oxidative
damage leading to major apoptosis and necrosis of the
villous trophoblast. Overall, the consequences are placental
degeneration with complete loss of syncytiotrophoblast
function and detachment of the placenta from the uterine
wall, resulting in decreased level of sFli—1 prior to a
complete miscarriage and even before the appearance of
clinical symptoms of miscarriage [24l. In contrast, our data
indicated that it is possible that a poorly vascularized
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placenta stimulates excessive sFlt—1 and VEGF production
and that these factors are released into the maternal
circulation shortly before miscarriage. The high sFli—1
level, in particular, leads to endothelial dysfunction and
pregnancy loss. However, the serum levels of sFli—1 and
VEGF were evaluated prior to any clinical manifestation of
pregnancy loss, and hence no entry of maternal blood inside
the placenta, allowing evaluation of the sFlt—-1 and VEGF
levels prior to placental degeneration and detachment.

In conclusion, the present study displayed evidence
indicating that there is a correlation between the
overexpression of serum VEGF and sFlt—1 and early
pregnancy loss in patients with history of unexplained early
RPL. These observations suggest that VEGF and sFli—1
play an important role in the pathogenesis of RPL. Future
research is needed to clarify the clinical relevance of
elevated early pregnancy VEGF and sFli—1 serum levels in
women who experienced unexplained early RPL. Clinically,
this may lead to the development of screening biomarkers
for women with history of RPL and, more importantly,
customized treatment strategies during pre—conceptual and
prenatal care.
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