1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2020 March 09.

-, HHS Public Access
«

Published in final edited form as:
J Matern Fetal Neonatal Med. 2007 July ; 20(7): 495-507. d0i:10.1080/14767050701413022.

Unexplained fetal death: Another anti-angiogenic state

JIMMY ESPINOZAL2 TINNAKORN CHAIWORAPONGSAL2 ROBERTO ROMEROL:3, YEON
MEE KIM14, GI JIN KIML, JYH KAE NIENY, JUAN PEDRO KUSANOVICL2, OFFER EREZ!2,
EMMANUEL BUJOLD?, LUIS F. GONCALVES!2, RICARDO GOMEZ®, SAMUEL EDWIN1

Iperinatology Research Branch, NICHD/NIH/DHHS, Bethesda, Maryland, USA

2Department of Obstetrics and Gynecology, Wayne State University/Hutzel Hospital, Detroit,
Michigan, USA

3Center for Molecular Medicine and Genetics, Wayne State University, Detroit, Michigan, USA
4Department of Pathology, Wayne State University/Hutzel Hospital, Detroit, Michigan, USA
SCEDIP, Department of Obstetrics and Gynecology, Sotero del Rio Hospital, Puente Alto, Chile.

Abstract

Background: Pregnancy creates a unique situation in which both vasculogenesis and extensive
angiogenesis are required for successful fetal and placental development. Recently, the soluble
form of vascular endothelial growth factor (VEGF) receptor-1 (SVEGFR-1), an antagonist to
VEGF and placental growth factor (PIGF) (two important angiogenic factors), has been implicated
in the pathophysiology of preeclampsia and small for gestational age (SGA) without preeclampsia.
There is, however, a paucity of information concerning plasma SVEGFR-1 concentrations in other
obstetrical disorders. The purpose of this study was to determine plasma sVEGFR-1
concentrations in normal pregnancy, term gestation in labor, and in patients with pregnancy
complications including spontaneous preterm labor, preterm premature rupture of the membranes
(PROM), fetal death, and acute pyelonepbhritis.

Methods: A cross-sectional study was conducted to determine the concentrations of SVEGFR-1
in plasma obtained from 499 women in the following groups: (1) non-pregnant women (n=40); (2)
pregnant women (n=135); (3) normal pregnant women at term in labor (n=60); (4) fetal death
(n=60); (5) spontaneous preterm labor with intact membranes (n=102); (6) preterm PROM (n=64);
and (7) pregnancy with acute pyelonephritis (h=38). Since plasma sVEGFR-1 concentration
changes with gestational age, the difference between the actual and the expected plasma
SVEGFR-1 concentration (derived from regression equation of normal pregnancy) for each patient
(delta value) was calculated and used to examine the differences of plasma sVEGFR-1
concentrations among various groups. Plasma concentrations of sSVEGFR-1 were determined by
enzyme-linked immunoassay. Regression analysis and non-parametric statistics were used for
analysis.
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Results: (1) Normal pregnant women before term had a median plasma sVEGFR-1
concentration significantly higher than non-pregnant women (p < 0.001); (2) plasma sVEGFR-1
concentration increased with advancing gestational age in normal pregnancy (r = 0.5; p< 0.001);
(3) there was no significant difference in the median delta plasma concentration of sSVEGFR-1
between normal pregnant women at term with and without labor (p = 0.09); (4) patients with fetal
death had a median delta plasma concentration of SVEGFR-1 significantly higher than normal
pregnant women (o= 0.001). Among patients with fetal death, those with unexplained causes (p=
0.04) and those with preeclampsia (p < 0.001) had a significantly higher delta plasma sVEGFR-1
concentration than normal pregnant women; and (5) there was no significant difference in the
median delta plasma sVEGFR-1 concentration between normal pregnancy and preterm labor with
intact membranes, preterm PROM (regardless of the presence or absence of microbial invasion of
the amniotic cavity), or acute pyelonephritis (all p> 0.05).

Conclusions: Plasma sVEGFR-1 concentration is increased in a subset of patients with fetal
death, but does not change in term and preterm parturition, rupture of fetal membranes, or acute
pyelonephritis.

Keywords

Preterm labor; preterm PROM; fetal death; acute pyelonephritis; great obstetrical syndrome;
soluble VEGFR-1

INTRODUCTION

The development of a vascular supply is a fundamental requirement for organ development
and differentiation. Two important processes are involved in these mechanisms:
vasculogenesis, a process in which endothelial cells differentiate and proliferate within a
previously avascular tissue, and angiogenesis, which refers to the remodeling process after
the initial vascular network has been developed [1]. Therefore, vasculogenesis occurs mainly
during fetal development, and angiogenesis is essential in adult life, especially for the
female reproductive cycle (e.g., formation of corpus luteum, endometrial growth) and for the
repair, remodeling, and regeneration of tissues (e.g., wound healing) [2]. Pregnancy creates a
unique situation in which both vasculogenesis and extensive angiogenesis are required for
successful fetal and placental development [3].

Several angiogenic and anti-angiogenic factors are important for successful reproductive
function [4-7]. The balance between angiogenic factors such as vascular endothelial growth
factor (VEGF) and its receptor, VEGFR-1, appears critical for normal pregnancy [8]. VEGF
promotes endothelial cell proliferation, migration and survival of endothelial cells [9,10],
and exerts its biologic effect through two high-affinity receptor tyrosine kinases: VEGFR-1
(or flt-1) and VEGFR-2 (or KDR/FIk-1) [11]. Whereas VEGFR-2 is the major mediator of
the mitogenic, angiogenic, permeability-enhancing, and endothelial survival effects of
VEGF, the precise function of VEGFR-1 is still subject to debate [11]. VEGFR-1 has two
isoforms: transmembranous and soluble. The latter is generated by a splice variant of the
VEGFR-1 gene [12], and contains the extracellular ligand-binding domain, while lacking the
signaling tyrosine kinase domain. Thus, this isoform binds VEGF and inhibits its biological
activities [13].
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The expression of VEGFR-1 protein has been reported in endothelial and non-endothelial
cells, including vascular [13] and uterine smooth muscle cells [14], renal tubular epithelium
[15], decidua [16,17], amnion [17], neutrophils [18], monocytes [18,19] and trophoblasts
[16,20-24]. The VEGFR-1 in monocytes is a functional ligand for VEGF and helps the
migration of monocytes during the angiogenic process [18]. In contrast, the precise function
of VEGFR-1 on trophoblasts remains unknown. The presence of co-localization of VEGF
and VEGFR-1 proteins in the placenta and decidual tissue during the first trimester suggests
that the VEGF system may participate in trophoblast growth and differentiation [20,21].

Perinatal morbidity and mortality are largely determined by five major complications of
pregnancy: small for gestational age (SGA), preeclampsia, preterm labor, preterm premature
rupture of membranes (PROM), and fetal death after excluding congenital anomalies. The
perinatal consequences of these disorders account for the majority of infant mortality (death
before the age of one year) [25]. The term ‘the great obstetrical syndromes’ has been used to
refer to these conditions [26]. The key features of ‘the great obstetrical syndromes’ are: (1)
multiple etiology; (2) chronicity; (3) fetal involvement; (4) their clinical manifestations are
adaptive; and (5) their occurrence may be due to a gene-environment interaction [26].

Previous studies have reported an increased plasma soluble VEGFR-1 (SVEGFR-1)
concentration in pregnancy complications, such as preeclampsia [8,27,28] and SGA [29].
However, information on plasma sVEGFR-1 concentration in other disease complications
during pregnancy is scarce. The purpose of this study was to determine if plasma sSVEGFR-1
concentration changes with advancing gestational age in normal pregnancy, in women at
term in labor, and those with pregnancy complications including preterm labor, preterm
PROM, fetal death, and acute pyelonepbhritis.

PATIENTS AND METHODS

Study Design:

A cross-sectional study was conducted by searching our clinical database and bank of
biologic samples. This study included 499 women in the following groups: (1) non-pregnant
women (n=40); (2) normal pregnhancy (n=135); (3) normal pregnant women at term in
spontaneous labor (n=60); (4) fetal death (n=60); (5) spontaneous preterm labor with intact
membranes (n=102); (6) preterm PROM (n=64); and (7) pregnant women with acute
pyelonephritis (n=38). The non-pregnant group consisted of women who had no history of
acute or chronic inflammatory conditions. Normal pregnant women were enrolled from
either a labor-delivery unit (in cases of scheduled cesarean section) or an antenatal clinic,
and followed until delivery. The inclusion criteria for the normal pregnancy group included:
(1) no medical, obstetrical or surgical complications; (2) not in labor; and (3) delivery of a
normal term (= 37 weeks) infant whose birth weight was between the 10" and 90t
percentile for gestational age. This group was subdivided into: (a) normal pregnancy before
term (n=64), and (b) normal pregnancy at term (n=71).

Fetal death was defined as the death of the fetus after the 201 week of gestation and
confirmed by ultrasound examination. This group was sub-classified into three groups,
according to the causes of fetal death: (a) unexplained fetal death (n=44); (b) fetal death with
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preeclampsia (n=8); and (c) fetal death with a known chromosome abnormality or major
malformation (n=8). The abnormality in fetuses of the latter group included trisomy 21
(n=3), trisomy 13 (n=1), non-immune hydrops fetalis (n=3), and cardiovascular defect with
single umbilical artery (n=1). Pulsed-wave and color Doppler ultrasound examination of the
uterine arteries was performed in some patients in the fetal death group with a real time
scanner (Acuson, Sequoia, Mountain View, CA USA) equipped with a 5-MHz probe.
Abnormal uterine artery Doppler [30] was defined as either the mean resistance index from
the left and right uterine artery above the 95 percentile for gestational age [31] or the
presence of bilateral diastolic notch of the uterine artery Doppler waveform [32].

Preeclampsia was defined as hypertension (systolic blood pressure = 140 mmHg or diastolic
blood pressure = 90 mmHg on at least two occasions, four hours to one week apart) and
proteinuria (= 300 milligrams in a 24-hour urine collection or one dipstick measurement
>2+) [33]. Preterm labor was defined by the presence of regular uterine contractions
occurring at a frequency of at least two every ten minutes and cervical changes before 37
completed weeks of gestation. PROM was diagnosed as amniorrhexis before the onset of
spontaneous labor. Membrane rupture was diagnosed with the use of vaginal pooling,
ferning, or a positive nitrazine test. Women in groups 5 and 6 included only patients who
had amniocentesis performed for obstetrical indications within 24 hours of blood sampling.

Women with preterm labor were subdivided into the following categories: (a) preterm labor
with term delivery without microbial invasion of the amniotic cavity (MIAC) (n=24); (b)
preterm labor with preterm delivery (<37 weeks) without MIAC (n=62); and (c) preterm
labor and delivery with MIAC (n=16). MIAC was defined as a positive amniotic fluid
culture for microorganisms. Women with preterm PROM were subdivided into PROM with
(n=31) and without MIAC (n=33). Pregnant women with acute pyelonephritis (h=38) were
diagnosed based on fever (temperature = 38°C), clinical signs (e.g., back pain), pyuria, and a
positive urine culture for microorganisms. This group was subdivided into those who had a
positive culture for microorganisms in urine alone (n=26), and those with both positive
cultures in urine and blood (n=12). All women provided written informed consent prior to
the collection of plasma samples. The collection and utilization of the samples was approved
by the Human Investigation Committee of Wayne State University/Hutzel Hospital and the
IRB of the National Institute of Child Health and Human Development. Many of these
samples were previously used in studies of soluble adhesion molecules [34].

Sample collection and human sVEGFR-1 immunoassay:

Venipuncture was performed and the blood was collected into the tubes containing EDTA.
The samples were centrifuged and stored at —70° C. The concentrations of sSVEGFR-1 were
measured using enzyme-linked immunoassay (ELISA; R&D Systems, Minneapolis, MN,
USA). This assay employs the quantitative sandwich immunoassay technique. Briefly,
recombinant human VEGFR-1 standards and maternal plasma specimens were incubated in
duplicate wells of the microtiter plates pre-coated with monoclonal antibodies specific for
VEGFR-1. During this incubation, the immobilized antibodies in the microtiter plate bound
VEGFR-1 present in both the standards and samples. After washing unbound substances,
polyclonal antibodies to human VEGFR-1 conjugated to an enzyme (horseradish
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peroxidase) were added to the assay wells. Once the incubation period was over, the assay
plates were washed to remove unbound antibody-enzyme reagents. Upon addition of a
substrate solution (tetramethylbenzidine), color developed in the assay plates proportionally
to the amount of VEGFR-1 bound in the initial step. The microtiter plates were read with a
programmable spectrophotometer (Ceres 900 Microplate Workstation, Bio-Tek Instruments,
Winooski, VT USA). The inter- and intra-assay coefficients of variation (CVs) were 4.8%
and 6.9%, respectively. The lowest maternal plasma concentration of SVEGFR-1 detectable
by the immunoassay was 17.8 pg/mL.

Statistical analysis:

RESULTS

Kolmogorov-Smirnov tests were used to test for normal distribution of the data. After
logarithmic transformation (log SVEGFR-1+1), regression analysis was utilized to determine
the relationship between plasma concentrations of sSVEGFR-1 and gestational age in normal
preghant women. Since plasma sSVEGFR-1 concentration changes with gestational age, the
difference between the actual and the expected plasma sSVEGFR-1 concentration (derived
from regression equation of normal pregnancy) for each patient (delta value) was calculated
and used to examine the differences of plasma sSVEGFR-1 concentration among various
groups. KruskalWallis with post-hoc tests was utilized to determine the differences of the
median among the groups. Logistic regression was used to assess the odds of the presence of
each disease (compared to normal pregnancy) in relation to an increased log (SVEGFR-1+1)
unit after adjusting for potential confounding factors. Contingency tables, Chi-square or
Fisher’s exact tests were employed for comparison of proportions. The statistics package
used was SPSS 12 (SPSS Inc., Chicago, IL USA). Significance was assumed for a p value of
<0.05.

Clinical and obstetrical characteristics of women in each group are displayed in Tables | and
I1. The normal pregnancy group had the highest median gestational age among the five
groups (Table I1). sVEGFR-1 was detected in 94% (469/499) of plasma samples. Twenty-
nine (72.5%, (29/40)) non-pregnant women and one pregnant woman with fetal death (1.7%,
(1/60)) had plasma sVEGFR-1 concentrations below the detection limit of the assay (17.8
pg/mL).

Normal pregnant women before term had a higher median plasma sVEGFR-1 concentration
than non-pregnant women (p < 0.001; Figure 1). However, normal pregnant women at term
had a median plasma sVEGFR-1 concentration higher than normal pregnant women before
term (p < 0.001; Figure 1). Plasma sVEGFR-1 concentration among normal pregnant
women increased with advancing gestational age according to the equation log
(SVEGFR-1+1) = 0.026 (gestational age in weeks) + 2.172 (r = 0.5, 2 = 0.34; p< 0.001;
Figure 2).

Normal pregnant women at term in labor had a median gestational age at blood sampling
higher than those without labor (term in labor: median 40 weeks, range 37-41 weeks vs.
term without labor: median 39 weeks; range 37-41 weeks; p < 0.001). There was no
significant difference in the median delta plasma sVEGFR-1 concentration between the two
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groups (term in labor: median 0.08 pg/mL, range —0.4 — 0.7 vs. term without labor: median
0.03 pg/mL; range -0.4 — 0.5; p=0.09).

Patients with a fetal death had a median delta plasma concentration of sSVEGFR-1
significantly higher than normal pregnant women (p = 0.001; Figure 3). There was no
significant difference in the median delta plasma sVEGFR-1 concentration between normal
pregnancy and preterm labor with intact membranes, normal pregnancy and preterm PROM,
as well as normal pregnancy and pregnancy with acute pyelonephritis (all p> 0.05; Figure
3). The proportion of patients who had a high delta plasma sVEGFR-1 concentration
(defined as delta sVEGFR-1 above mean + 2SD for normal pregnant women) in each group
is displayed in Table I1. The odds ratio of different logistic regression models describing the
relationship between each pregnancy complication and plasma SVEGFR-1 concentration
(compared to normal pregnancy) after adjusting for gestational age at blood sampling and
sample storage interval are shown in Table I11. Only pregnancy with fetal death was
associated with an increased plasma sVEGFR-1 concentration with an odds ratio of 4.9
(95% CI: 1.6-14.9).

Clinical and obstetrical characteristics of women in each subgroup of fetal death are
displayed in Table IV. Among patients with fetal death, those with unexplained fetal death
and fetal death with preeclampsia had a median delta plasma sVEGFR-1 concentration
significantly higher than that of normal pregnant women (p = 0.04 and p < 0.001,
respectively; Figure 4). There was no significant difference in median delta plasma
SVEGFR-1 between patients with fetal death with a fetal anomaly and normal pregnancy (p
= 0.2; Figure 4). Table V displays the odds ratios of different logistic regression models
describing the relationship between the etiologic classification of fetal death and plasma
SVEGFR-1 concentration (compared to normal pregnancy) after adjusting for gestational age
at blood sampling and sample storage interval. Only pregnancies with an unexplained fetal
death and fetal death with preeclampsia were associated with an increased plasma
SVEGFR-1 concentration.

Among patients with unexplained fetal death, 45% (20/44) delivered SGA neonates (defined
as birth weight below 10t percentile for gestational age). However, there was no significant
difference in the mean delta plasma sVEGFR-1 concentration in patients with unexplained
fetal death, whether they delivered SGA neonates or not (SGA mean: 0.16 % 0.4 vs. without
SGA mean: 0.16 £ 0.4; p=0.9). The frequency of patients who had a high delta plasma
SVEGFR-1 concentration (defined as delta SVEGFR-1 above mean + 2SD for normal
pregnant women) in each group is displayed in Table IV. Eight (18.2%, (8/44)) patients in
the unexplained fetal death group had a high delta plasma sVEGFR-1 concentration, and
among them five (62.5%, (5/8)) delivered SGA neonates. Interestingly, sixteen (36.4%,
(16/44)) patients in the unexplained fetal death group had an abnormal uterine artery
Doppler, and among them only three (19%, (3/16)) had a high delta plasma sVEGFR-1
concentration. In contrast, most patients (87.5%, (7/8)) in the fetal death with preeclampsia
group had a high delta plasma sVEGFR-1 concentration. Among patients with fetal
anomalies, two (25%, (2/8)) had a high delta plasma sVEGFR-1 concentration: one with
hydrops fetalis, the other with cardiovascular defects. Both had normal uterine artery
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Dopplers. Only one patient (12.5%, (1/8)) in this subgroup had an abnormal uterine artery
Doppler.

Clinical and obstetrical characteristics of women in each subgroup of patients with preterm
labor and preterm PROM are displayed in Tables VI and VII. Among patients with preterm
labor and intact membranes, there were no significant differences in the median delta plasma
SVEGFR-1 concentrations among patients who delivered at term, those who delivered
preterm without MIAC, and those who delivered preterm with MIAC (all p> 0.05; Figure
5). Three (3%) patients in this group had a high delta plasma sVEGFR-1 concentration, and
none had MIAC. One patient experienced preterm labor at 28 weeks of gestation and
delivered an SGA neonate at term, the other presented with preterm labor at 30 weeks of
gestation and developed clinical preeclampsia three days later, and another had preterm
labor at 30 weeks of gestation and delivered an appropriate for gestational age neonate one
week later.

There was no significant difference in the median delta plasma sSVEGFR-1 concentrations
between preterm PROM patients with and without MIAC (Figure 6). Four (6%) patients had
a high delta plasma sVEGFR-1 concentration and two of them delivered SGA neonates.
Among patients with acute pyelonephritis, no significant difference in the median delta
plasma sVEGFR-1 concentration was observed between those who had a positive blood
culture for microorganisms and those who did not (positive blood culture median: 0.08
pg/mL, range: —0.4-0.5 pg/mL vs. negative blood culture median: —0.09 pg/mL, range:
-0.5-0.4 pg/mL; p=0.3). Only one (2.6%) patient who had a positive blood and urine
culture for microorganisms had a high delta plasma sVEGFR-1 concentration.

DISCUSSION

Principal findings:

(1) The median plasma sVEGFR-1 concentration is higher in pregnant women than in non-
pregnant women; (2) the maternal plasma concentration of sSVEGFR-1 increases with
advancing gestational age; and (3) patients with an unexplained fetal death, but not those
with preterm labor, preterm PROM, or acute pyelonephritis, have a higher maternal plasma
SVEGFR-1 concentration than patients with normal pregnancy (adjusted for gestational age).

SVEGFR-1 in non-pregnant and normal pregnant women:

Normal healthy non-pregnant individuals have low concentrations of VEGF [35] in the
peripheral circulation. This factor is thought to be required for the maintenance of normal
endothelial cell function [9]. In the present study, plasma SVEGFR-1 was undetectable in the
majority of non-pregnant women (72%), but was detectable in all normal pregnant women.
Of major interest, the plasma sVEGFR-1 concentration increased with advancing gestational
age. We propose that this elevation of maternal plasma sVEGFR-1 during the end of
gestation could serve to limit angiogenesis and blood vessel permeability [36,37] resulting
from an excess of VEGF, placental growth factor (PIGF), or other ligands for VEGFR-1
[12]. The current understanding is that vascular permeability is affected by VEGF but not
PIGF.
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sVEGF-R1 in fetal death:

Although most of the literature has focused on the role of SVEGFR-1 in preeclampsia
[8,27,28], there is evidence that this anti-angiogenic factor is also elevated in a subset of
patients with SGA [29]. Moreover, there is an association between the presence of abnormal
impedance to flow in the uterine and/or umbilical artery and the magnitude of the increase in
plasma sVEGFR-1 concentration (Chaiworapongsa et al., unpublished observations). The
current study demonstrates that unexplained fetal death is associated with an increased
plasma sVEGFR-1 concentration at the time of the diagnosis. However, the magnitude of the
increase observed in this condition is not as high as those observed in SGA with abnormal
uterine artery Doppler velocimetry or those with preeclampsia (fetal death: median delta
0.08 vs. SGA: mean delta 0.43, mild preeclampsia: mean delta 0.55, and severe
preeclampsia: mean delta 0.73; Chaiworapongsa et al., unpublished observations).

Moreover, the wide range (291-14190 pg/mL) of plasma sSVEGFR-1 concentrations in this
subgroup suggests that fetal death is a syndrome and that only some cases have an anti-
angiogenic state (defined by an elevation of SVEGFR-1).

A solid body of evidence supports an association between reduced uteroplacental perfusion,
fetal growth restriction, and fetal death [38,39]. Absence of physiologic transformation of
the spiral arteries had been reported in patients with second trimester spontaneous abortion
[38]. Moreover, 40% of unexplained fetal deaths are SGA [39]. This is consistent with the
observation that 45% (20/44) of patients with unexplained fetal deaths in our study delivered
neonates with birth weights below the 10t percentile for gestational age. Of note, there was
no significant difference in the median plasma sVEGFR-1 concentration in patients with
unexplained fetal death between patients with and without SGA fetuses.

Among eight patients with unexplained fetal death who had high delta plasma sVEGFR-1
concentrations (defined as delta plasma sVEGFR-1 concentration greater than two standard
deviations of the mean of normal pregnant women), five (62.5%) delivered SGA neonates,
suggesting that the association between plasma sVEGFR-1 and SGA might exist in a subset
of unexplained fetal death.

We previously found that women with SGA fetuses who had abnormal uterine artery
Doppler velocimetry had an increased plasma sVEGFR-1 concentration, and 43% (10/23)
had a high delta plasma sVEGFR-1 concentration (>2SD). In the current study, only 19%
(3/16) of patients with unexplained fetal death with abnormal uterine artery Doppler
velocimetry had a high delta plasma sVEGFR-1 concentration. From these observations, we
conclude that a subset of patients with fetal death and abnormal uterine artery Doppler have
normal maternal plasma sSVEGFR-1 concentrations. We have proposed that an elevation of
SVEGFR-1 may be a protective mechanism of the feto-placental unit. Some cases of fetal
death, in which there is no elevation of VEGFR-1, may represent failure of this mechanism.

In the current study, women with fetal death and preeclampsia also had an elevation of
plasma sVEGFR-1 concentration (median delta 0.78) similar to that observed in
preeclampsia with live fetuses in our previous study (mild preeclampsia: mean delta 0.55
and severe preeclampsia: mean delta 0.73) (Chaiworapongsa et al., unpublished
observations), suggesting that a live fetus is not required for an elevation of plasma
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SVEGFR-1 in preeclampsia. This interpretation is consistent with the observation that there
is no significant difference in serum concentrations of SVEGFR-1 in the umbilical vein or
umbilical artery between patients with preeclampsia and normal pregnant women [40]. The
lack of a gradient militates against a substantial fetal production of sSVEGFR-1. Indeed, the
mean concentration of serum SVEGFR-1 in the umbilical vein and artery was approximately
10 times lower than that found in maternal serum [41].

sVEGFR-1 in parturition, preterm PROM and MIAC:

VEGEF is also known as a vascular permeability factor. Such activity underlies the
significance of this molecule in inflammation and other pathologic conditions, such as
rheumatoid arthritis and atherosclerosis [11]. Angiogenesis requires the participation of
hematopoietic progenitors, endothelial progenitor, and inflammatory cells [1,11]. Monocytes
express VEGFR-1 and the migration of monocytes in response to VEGF requires tyrosine
kinase domain of VEGFR-1 (membrane isoform) [18]. However, monocytes can release
SVEGFR-1[19].

Recently, Daneshmand et al. [17], using /7 situ hybridization, observed an increased mMRNA
expression of VEGF and VEGFR-1 in the human amnion and attached decidua of patients
with preterm PROM compared to that of patients with preterm labor with intact membranes.
The increase of VEGF and VEGFR-1 mRNA expression is more pronounced in patients
with inflammation (defined as overexpression of IL-6 mMRNA and protein). In another study,
the increased expression of VEGFR-1 mRNA and protein has been localized to
macrophages and neutrophils infiltrating the chorionic plate of the placenta in patients with
histologic chorioamnionitis [40]. Moreover, Zucker and colleagues [42] demonstrated that
treatment of endothelial cells with VEGF results in activation and enhanced production of
matrix-metalloproteinase (MMP), an enzyme implicated in the mechanisms of membrane
rupture. Collectively, these observations suggest a role for VEGF and VEGFR-1 in the
mechanisms of membrane rupture and inflammation.

VEGF has been implicated in the mechanisms of human parturition. Indeed, Marvin et al.
[43], using complementary DNA array, demonstrated up-regulation of several angiogenic
factors, including VEGF, in both membranes and choriodecidual tissues. The expression of
VEGF mRNA in membranes is increased in labor, a process thought to be an inflammatory-
like condition [44].

Our study did not find significant changes of delta plasma sVEGFR-1 concentration in term
parturition, preterm labor with intact membranes, preterm PROM or MIAC. It is possible
that the changes of VEGF-VEGF receptor system expression in these conditions are
localized to gestational tissues and, thus, not reflected in the maternal circulation.

SVEGFR-1 in acute pyelonephritis: There is a paucity of information regarding plasma
SVEGFR-1 concentration in response to sepsis or acute infection. Most studies examined
VEGF and its receptor expression on endothelial cells and proposed a role for VEGF and its
receptors in delayed wound healing associated with infection. Indeed, the presence of
endotoxin decreased VEGF receptor density on endothelial cells as measured by flow
cytometry [45]. Moreover, the mMRNA expression of VEGF and VEGFR-2 in postmortem
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lung tissue was reported to be lower in septic than non-septic patients [46]. However, the
exposure of endothelial cell cultures to tumor necrosis factor-alpha, a pro-inflammatory
cytokine implicated in the clinical manifestation of sepsis, has yielded conflicting results;
indeed, both decreased VEGFR-1 and VEGFR-2 [47] and increased VEGFR-2 [48] have
been reported. In our study population, we found no change in the median delta plasma
SVEGFR-1 concentrations in pregnant patients with acute pyelonephritis.

CONCLUSIONS

This study demonstrated that plasma sVEGFR-1 concentration is higher in the pregnant than
in the non-pregnant state. Moreover, an elevation in plasma sVEGFR-1 concentration was
observed in a subset of patients with unexplained fetal death. However, plasma sVEGFR-1
concentration during pregnancy does not change significantly in spontaneous term and
preterm parturition (with intact or ruptured membranes, with and without infection), or with
maternal infections (MIAC and acute pyelonephritis). The current study suggests that a
subset of patients with fetal death have an anti-angiogenic state. Further studies are required
to determine whether the elevations in plasma sVEGFR-1 concentration precede fetal death.
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Figure 1. The mean plasma sVEGFR-1 concentration of hon-pregnant women, pregnant women
beforeterm, and pregnant women at term.
Normal pregnant women before term had a median plasma sVEGFR-1 concentration higher

than non-pregnant women (normal pregnant women before term: median 765 pg/mL, range
260-4,712 pg/mL vs. non-pregnant women: median O pg/mL, range 0-119 pg/mL; p <
0.001). However, normal pregnancy at term had a further increase of plasma sVEGFR-1
concentration (normal pregnant women at term: median 1,655 pg/mL, range 544-5,293
pg/mL vs. normal pregnant women before term: median 765 pg/mL, range 260-4,712
pg/mL; p < 0.001).
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Figure 2. Plasma sVEGFR-1 concentration of normal pregnant women increased with advancing
gestational age according to the equation:

log (SVEGFR-1+1) = 0.026 (gestational age in weeks) + 2.172 (r = 0.5, r2 = 0.34; p <
0.001).
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Figure 3. The median delta plasma sVEGFR-1 concentration of normal pregnant women,
patientswith [UFD, preterm labor, preterm PROM, and pregnant women with acute

pyelonephritis (Pyelo).

Patients with fetal death had a higher median delta plasma concentration of SVEGFR-1 than
normal pregnant women (p = 0.001). There was no significant difference in the median delta

plasma sVEGFR-1 concentration between normal pregnancy and preterm labor with intact

membranes (p = 0.7), normal pregnancy and preterm PROM (p = 0.4) as well as normal

pregnhancy and pregnant women with acute pyelonephritis (p = 0.4). The median and range

of plasma sVEGFR-1 concentrations in each group are displayed in the figure.
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Figure 4. The median delta plasma sVEGFR-1 concentration of normal pregnant women,
patientswith unexplained fetal death, fetal death with preeclampsia (IlUFD + PE), and fetal
death with abnormal chromosome or major malfor mation (Abn Chro/Malform).

Patients with unexplained fetal death and those with fetal death in the context of
preeclampsia had a median delta plasma sVEGFR-1 concentration higher than that of
normal pregnant women (p = 0.04 and p < 0.001, respectively). There was no significant
difference in the median delta plasma sVEGFR-1 concentration between fetal death with
congenital anomaly and normal pregnancy (p = 0.2). The median and range of plasma
SVEGFR-1 concentrations in each group are displayed in the figure.
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Figure 5. The median delta plasma sVEGFR-1 concentration of patientswith preterm labor with

intact membranes.

There were no significant differences in the median delta plasma sVEGFR-1 concentrations
among patients who delivered at term, those who delivered preterm without MIAC, and
those who delivered preterm with MIAC (Kruskal-Wallis test; p = 0.9). The median and
range of plasma sVEGFR-1 concentrations in each group are displayed in the figure.
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Figure 6. The median delta plasma sVEGFR-1 concentration of patientswith preterm premature
rupture of membranes (PROM).

There was no significant difference in the median delta plasma sVEGFR-1 concentrations
between preterm PROM patients with and without MIAC (p = 0.3). The median and range of
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plasma sVEGFR-1 concentrations in each group are displayed in the figure.

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2020 March 09.



Page 20

ESPINOZA et al.

Author Manuscript

‘wia) 1e Aoueubaid [ewou pue uswom Jueubaiduou usamiaq patedwod :

uelpaw ay Jo ajdninw :NOW ‘abe jeuonelssb (w9

‘(abuel) uelpaw se passaldxa ale sanjeA

e
‘W) Je Aourubaid Jewiou pue wla) alojeq Aoueuliald [ewlou usamiaq patedwod : nn
"wLIg) 810jaq Aoueubald jewsou pue uswom Jueubaiduou usamiag pasedwod : J
¥o
- (81°0-9T'0-) T0°0- 10 (ST°0-9T°0-) ¥0°0- - - (IWOW) V9 4o} yBramyuiq paisnlpy
- (0807-0582) 09¢€ €0 (0g07-0192) Szee - - (swesb) wbremyuig
- (zr-L€) £6€ 70 (zv-1€) 9'6€ - - (s188M) Aisnifsp 18 VO
- (LTP-028) T6€  TO00>  (8'9€-0°02) 2°0€ - - (sx109Mm) Burjdwes pooiq 18 o
S0 (ov—21) 12 2000 (ve-LT) €2 1000 (ov-8T1) 92 (s1eak) aby
Ad T.=U gd $9=U »d oF=u
Joge| we1aI0eq USWIOM
ou‘wm) e foueuBs id jueuBs ad-uoN
Aoueubs.ad ew IoN
few JoN
sdnouf Aoueubaad [ewsou pue ueubaid-uou ayy JO SINSLIBIORIBYD [RIIUID
‘I 91qeL

Author Manuscript

Author Manuscript

Author Manuscript

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2020 March 09.



Page 21

ESPINOZA et al.

(zt7°0) uswom jueubaid [ewsou Jo psz+ueai< T-449JAS ewse|d eljap Y

T=U:
00 o
uelpaw ay Jo ajdninw :NOW ‘abe jeuonelsab (wvo

(1uaaJad) Jaquinu Jo (abBuel) uelpaw se passaidxa anfeA ‘Aoueubaid jewlou o} patedwod anjea d ||

Jax=RENY ewse|d e}ag ybIH

0T (%692) T S0 (%€9) ¥ 0T (%e) € «100°0> %€'82) LT (%2€) §
v'0 (L¥'0-81'0-) €0°0- 70 (0£'T-95°0-)¥0°0 L0 (2TT-12,0-)€00 «1000 (02T-8L2-)ST0  (S9°0-970-)T00 T-4493As ewseld @ljaQ
(TL¥'€-0€2)T68 (ov¥'L1-€22) 126 (0T8'TT-681)€98 (06T'¥T-0)6TH'T (£62'5-092)652'T (Jw/Bd) T-"4493NSs ewseld
0, 0,

«T00°0> ngmc L *€00°0 (%8) § «T00°0> 9 (%91) 9T «T00°0> (%Lv) 82 0 8|nusasad y,0T> WBlemyuIg
%00 ¢ (8T0-T7'0-) L0°0- «1000>  (62°0-950-) LT'0- «T000> ¢ (ve0-Ly'0-) TTO- £«1000>  (§9°0-2L0-) ¥20- (8T°0-9T°0-) 20°0-  (INOW) V9 Jo} yBremyuiq paisnipy
200 gOBOVOBODSLIE  conis (oesz-ove) 08sT  ~1000>  9CSLETOOMOLET  sonis (gsuS-0vT) 06ET  (0BOV-OTOZ) SEE (swesB) Jybramyuiig

L0 o7 Tr012) 628 x1000>  (FT7-0T2) 62€  «T00°0> (r'Tv-0'T2) 6'2€ £«1000>  (L°0v-T°02) 0'TE (zr-1¢) €6€ (s1e8Mm) A1snifsp 18 VO
«100°0> (e'2zr-L02) 91 «T000>  (6'€€-TT2)90€  «T000> (L€e-T1°02) 6'62 £«1000>  (9°0v-T°02) 6°0€ (Tv-02) 9°2€ (s>88m) Burjdwes poolq 1e v
100 (Tv-91) 22 10 (8e-91) 92 %2000 (6e-€T) €2 90 (Tv-L1) 52 (ov-8T1) 92 (K) 8By
8e=N
siydsuopAd #9=N 20T =U 09=u GET=U
d 21Ny d NOYd WRePrId d Joge| weBId d a4n| Aoueuba id rew oN
uoneindod Apnis ay1 JO Sa1IS1LIB10RIBYD [R2IUID
‘Il 9|qeL

Author Manuscript

Author Manuscript Author Manuscript Author Manuscript

J Matern Fetal Neonatal Med. Author manuscript; available in PMC 2020 March 09.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

ESPINOZA et al.

Odds ratio of the presence of disease for an each unit increase of log (SVEGFR-1+1) concentration

Table lll.

Model | Dependent variables (vs. normal pregnancy) p Oddsratio | 95% CI
1 Fetal death 0.006 4.9 16-149
2 Preterm labor with intact membranes 0.7 1.2 0.4-4.0
3 Preterm PROM 0.2 25 0.7-9.4
4 Acute pyelonephritis 0.5 0.5 01-32

Adjusting for gestational age at blood sampling (weeks) and sample storage interval (days). PROM: premature rupture of the membranes.
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Odds ratio of the presence of disease for an each unit increase of log (SVEGFR-1+1) concentration

Table V.

Model | Dependent variables (vs. normal pregnancy) p Oddsratio 95% CI
1 Unexplained fetal death 0.01 6.6 16-27.7
2 Fetal death with preeclampsia <0.001 7,157 53 -965,859
3 Fetal death with fetal anomaly 0.9 0.9 02-35

Adjusted for gestational age at blood sampling (weeks) and sample storage interval (days).
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