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PP13 mRNA Expression in Trophoblasts From
Preeclamptic Placentas

Akihiko Sekizawa, MD, Yuditiya Purwosunu, MD, Shiho Yoshimura, MD,
Masamitsu Nakamura, MD, Hanako Shimizu, MD, Takashi Okai, MD,

Nicola Rizzo, MD, and Antonio Farina, MD

To assess the role of placental protein 13 (PP13) in the pathogenesis of preeclampsia, the messenger
RNA expression of PP13 was investigated in the trophoblasts from first and third trimester placenta.
First, syncytiotrophoblasts and extravillous trophoblasts were separated from frozen section of third
trimester placenta obtained from pregnant women with and without preeclampsia by laser microdissection.
The PP13 levels of syncytiotrophoblasts were significantly higher than those of extravillous trophoblasts.
The expression levels in syncytiotrophoblasts from the preeclampsia were significantly lower than those
from normal. Next, the PP13 expression was assessed in trophoblasts from residual samples of chorionic
villus sampling at 11 weeks of gestation, who subsequently developed preeclampsia. The levels in the
preeclampsia group were significantly lower than those of normal cases. These findings indicate that
an alteration in the PP13-messenger RNA expression in the trophoblasts may be associated with the

pathogenesis of preeclampsia.

Key worps: Trophoblast, PP13, mRINA expression, preeclampsia.

INTRODUCTION

Preeclampsia is a leading cause of maternal and perinatal
mortality and morbidity.! Preeclampsia is a multisystem
disorder unique to human pregnancy and its clinical
features are well recognized, charactenstically manifesting
in the second to third trimester. The underlying pathol-
ogy is associated with a failure of trophoblastic invasion
of the maternal arteries dunng early gcsulion.z Because
preeclampsia has a long preclinical phase before clinically
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manifesting in later gestation, clinical prediction is
thought to be possible and the clinical prediction could
offer an carly opportunity for intervention.

A variety of methods have been reported as potential
early markers for preeclampsia. Potential early pregnancy
markers under investigation include Doppler ultrasound
of the uterine arteries in the first trimester,” decreased
pregnancy-associated plasma protein-A (PAPP-A)* and
a pentraxin (P’l"){.'i).5 Melchiorre et al assessed uterine
artery Doppler finding at 11-14 weeks. In the receiver-
operating characteristics curves for the prediction of
preterm preeclampsia, area under the curve was 0.76
(95% CI, 0.66-0.86).° Dugoff et al reported that adjusted
odds ratio of low PAPP-A (<5th percentle) for the pre-
diction of precclampsia was 1.54 (95% CI, 1.16-2.03)."
However, none of these alone have sufficient clinical
discrimination to be used in clinical practice. Recently,
Chafetz et al reported the maternal serum levels of
placental protein 13 (PP13) at 9-12 wecks of gestation
to be a promising screening tool for prediction with high
sensitivity.”® They suggested that the pathophysiological
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alteration of PP13 expression starts before 10 weeks of
gestation and that these changes play a crucial role in the
development of preeclampsia.

Placental protein 13 is a 32-kd dimer protein and is
thought to be involved in implantanion and matemnal artery
remodeling.”"" In the present study, to assess the role of
PP13 in the pathogenesis of preeclampsia, the expression
of PP13 messenger RNA (mRNA) was mvestigated in the
syncytiotrophoblasts and extravillous wophoblasts (EVTs)
from the placenta of preeclamptic women. Furthermore,
the expression of PP13 mRNA was investgated in first
mmester trophoblasts from residual samples of chononic
villus sampling (CVS) obtained for fetal karyotyping, who
subsequently developed preeclampsia.

MATERIALS AND METHODS

In the first part of the sudy, mRINA expression of PP13
was quantified in both syncytiorrophoblasts and EVTs
from the placenta. In bref, just after a caesarean section,
placenta samples were obtained from pregnant women
with and without preeclampsia (n = 5 for each group).
Tissue sections (5 ¥ 5 x 5 mm) were cut off from the
maternal side of the cotyledons and frozen sections were
made and stored at —80°C until use."

For the separation of each cell type, a laser micro-
dissection system (PALM Microbeam: PALM Microlaser
Technologies GmbH, Bernried, Germany) was used.
Slides were prepared on which a 4-pm thin LM (laser
microdissection) Film (PALM Microlaser Technologies
GmbH) was fixed. Tissue specimens were cut into
10-pm thick sections and placed on the shde. The sections
were then fixed with 100% methanol. After toluidine blue
stamning, syncytiotrophoblasts and EVTs were separated by
laser microdissection.'” Although the number of syncynal
knots in the villi increased in cases with preeclampsia, we
retrieved syncytiotrophoblasts from the surface of the villi,
not including the part of knots. Extravillous trophoblasts
were separated from decidua of placental basal plate. In
each case, approximatcly 500 cells were retrieved for
mRNA analyses. RINA was separated using conventional
methods.'® This study was approved by the Ethic Com-
mittee of Showa University and written informed consent
was obtained from each pregnant woman.

In the second part of the study, the expression of
PP13 mRINA was assessed in first trimester trophoblasts.
Residual CVS ussues were obtained from pregnant
women who underwent CVS for an assessment of the
fetal karyotype. All women gave their informed consent

Sekizawa et al

to participate 1n the study, which was approved by the
Institutional Review Board of University of Bologna.
Out of the 95 participants inidally enrolled while under
care at the Division of Prenatal Medicine at the University
of Bologna, Bologna, lraly, 5 cases developed preeclampsia
(cases) during later geststion. In the cases, 2 cases developed
severe preeclampsia and were early onset type. Cesarean
section was performed in 3 cases. Each case was randomly
matched with 5 controls for gestanonal age at the time of
CVS and fetal gender. We therefore enrolled 5 women
who developed preeclampsia and 25 controls with a nor-
mal course of pregnancy. All the female participants were
older than 35 years. Any pregnancies with major feral
defects, such as congenital heart diseases and aneuploidies,
and preexisting complications, such as hypertension and
diabetes, were excluded. Gestational age was calculated
by ultrasonographic measurements at 11 weeks' gestation.

Preeclampsia was defined as gestational hypertension
(systolic pressure >140 mm Hg or diastolic blood pressure
=90 mm Hg on 22 occasions after gestational week 20)
with proteinuria (>0.3 g/d). Severe preeclampsia was
defined by the presence of >1 of the following: (1) severe
gestational hypertension (systolic pressure >160 mm Hg
or diastolic blood pressure >110 mm Hg on >2 occasions
after gestational weck 20) or (2) severe proteinuria (25 g
protein in a 24-hour urine specimen).

Villous samples were centrifuged at 1500g for 5 min-
utes at 4°C, resuspended in 1 mL of phosphate buffered
solution (PBS) and then centrifuged at 1500¢ for 5 min-
utes at 4°C. Each villous sample was mixed with 0.8
mL of TRIzol Reagent (Invitrogen, Carlsbad, Calif) and
lysed by repettive pipeting. For the RNA extracton,
0.16 mL of chloroform was added to the sample; after
vigorous shaking, the sample was incubated at 4°C for
15 minutes and centrifuged at 10 000g for 15 minutes at
4°C; following centmfugation, the aqueous phase was
transferred to a fresh microtube. Precipitation of total
RNA from the aqueous phase was obtained by mixing
with 0.4 mL of isopropyl alcohol, incubation at 4°C for
15 minutes, and centrifugation at 10 000g for 15 minutes
at 4°C, The RINA pellet was washed once with 0.8 mL of
75% ethanol and briefly air-dned. Finally, the total RNA
was dissolved 1in 20 pL of RNase-free water and trans-
ferred to Japan under ~20°C and then stored at -80°C.

Real-time Quantitative Reverse
Transcription-polymerase Chain Reaction

A molecular analysis was performed in the Department of
Obstetrics and Gynecology at Showa University School
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Table 1. Demographic Characteristics in a Study of the Third Trimester Trophoblasts

Control Group Preeclampsia Group P Value
Maternal age (years) 35 (26-38) 35 (28-43) ns
Gestational age (week) 37 (37-38) 30 (27-33) P= 007
Birth weight (g) 2740 (3018-2506) 963 (725-1490) P= 009
Systolic blood pressure (mm Hg) 120 (116-123) 165 (157-182) -
Diastolic blood pressure (mm Hg) 70 (68-73) 97 (88-114) -
Proteinuna (g/d) 0 2.5 (0.4-3)
HELLP syndrome (# cases) 0 2 ns

Abbreviations: HELLP, hemolytic anemia, elevated liver enzymes and low platelets, ns, not significant.

of Medicine, Tokyo. RNA was reverse-transcribed using
an Omniscript RT kit (Qiagen, Hilden, Germany).
¢DNA products were amplified by real-time quantitative
polymerase chain reaction (PCR) according to the
manufacturer's instructions (QuantiTect Probe PCR kit;
Qiagen) using a 2-pL aliquot of cDNA and the kit
components in a reaction volume of 20 plL. TagMan
PCR analyses for PP13 and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) were performed using prede-
veloped and commercially available primers and probe
sets (Cat # Hs00747811_m1 for PP13 and Car#
4333764F for GAPDH; Applied Biosystems, Foster City,
Calif). Ininally, each PCR assay was verified to be specific
to mRINA and not to genomic DNA. The amplification
data were collected and analyzed with an ABI Prism
7900T Sequence Detector (Applied Biosystems). Each
sample was analyzed in duplicate and multiple negative
water blanks were included in every analysis. The thermal
profile used was as follows: 15 minutes of denaturation at
95°C, followed by 15 seconds of annealing at 94°C and 1
minute of extension at 60°C. The quantification of gene
expression was performed with invesugators blinded to
the outcome of pregnancy. The amounts of mRNA
samples were expressed as copies/pL. To quantify these
mRNA concentrations, plasmid DNA was prepared for
calibration curves as previously described.'* Because the
initial volumes of the tissue specimens could not be quan-
tified, the level gene expression was expressed as a ratio to
the GAPDH expression.

Statistical Analysis

In the first arm of the study, descriptive statistics was
performed by routine analysis. The median mRINA
values of PP13 for each subgroup were calculated and
analyzed using the Kruskal-Wallis test and relative post
hoc test for paired comparisons between the groups.

In the second arm of the study, the data were
matched for gestanional age and fetal gender in a 1:5
case-control design. The median mRINA concentrations
of each available marker of PP13 in cases and controls
were calculated. A rank analysis and a nonparametric
analysis (Mann-Whitney U test) were used to detect any
differences berween the cases and controls,

Differences were considered to be significant for a
P value <.05.

RESULTS

Demographic  charactenstics  of pregnant  women
subjected in a microdissection analysis were shown in
Table 1. Although no differences were observed in the
maternal age between groups, significant differences were
noted in the gestational age at the time of blood drawing
and birth weight. First, we compared mRNA levels of
PP13/GAPDH between syncytiotrophoblasts and EVTs.
The levels in syncytotrophoblasts were significantly higher
than those of EVTs in both normal and preeclamptic
placenta. Figure 1 shows the box-plot for the generated
subgroups of patients. The Kruskal-Wallis test yiclded a
P value = .003. Paired comparisons between the sub-
groups were performed by an adequate post hoc test. Syn-
cytiotrophoblasts in the controls differed statistically from
all the other groups (preeclampsia group and EVT in con-
trols, P value < .05). The expression levels in syncytiotro-
phoblasts from the preeclamptic placenta were significantly
lower than those from the normal placenta. No further
differences have been found between the other subgroups.

In the CVS samples, the median (min—max) gesta-
tional age at the time of CVS was 82 (81-84) days or
11 weeks 5 days for both cases and controls. The maternal
age was 36 (35-38) for both cases and controls. In cases
and controls, the percentage of primiparac was 36 and
38, the week at delivery was 38 (35-41) and 39 (36-41),
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Figure 1. Box and whiskers plot of PP13 and PP13/GAPDH in the syncyuorrophoblasts and EVTs from pregnant women with and

without preeclampsia. The box represents the mtrtquartlle range, which contains the 50% of value. The whiskers are lines that extend from
the box to the highest and lowest value (1.5 tmes the interquartile distance), excluding outlines. A line across the box indicates the median.
S = syncytiotrophoblasts; EVT = extravillous trophoblasts; GAPDH = glyceraldehyde-3-phosphate dehydrogenase: NR. = normal control;

PE = preeclampsia; PP13 = placental protein 13.

the fetal weights were 2850 g (2000-3510 g) and 3100 g
(2560-4180 g), respectively. No statistical differences
were found between cases and control. The PP13 levels
were lower in the CVS samples than those in microdis-
sected samples (P value = .008, Mann-Whitney U test).
The median (min-max) PP13/GAPDH levels in the
group who subsequently develop preeclampsia and
the controls were 1,636 (0.80-11.5) x 107" and 7.653
(1.1-49.4) x 107, respectively, and the PP13/GAPDH
levels in the preeclampsia group were significantly lower
than those of normal cases. The mean observed rank of
1.8 in the preeclampsia group was significantly lower than
expected (3.84; P value = .016, Mann-Whitney U test).
Out of 6 possible rank values for each set, 3 cases had a
value of 1 and 2 cases a value of 3 (Figure 2).

DISCUSSION

Placental protein 13 is one of the more than 50 known
proteins synthesized by the placenta. Although the func-
ton of PP13 is not clear, it 1s reported that PP13 is asso-
ciated with implantation and maternal artery remodeling,
and that PP13 prevents erythrocyte adhesion in the area
with reduced blood flow such as intervillous space.”""

L] T T T L} T
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3 -
52 .
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Figure 2, Results of a rank-sum analysis of the CVS samples. The

number of cases of preeclampsia with each rank value is represented
by the bar graph. CVS = chorionic villus sampling.

Furthermore, PP13 is suggested to have special immune
functions at the feto-maternal interface.”'" Placental
protein 13 is known to be placenta-specific. An immuno-
histochemical study indicated that PP13 15 localized in the
brush border membrane of syncytiotrophoblasts.'' How-
ever, the function of PP13 in normal pregnancy and its
role in the pathogenesis of preeclampsia has not yet been
elucidated. The present study quantified the expression of

PP13 mRINA by both syncytiotrophoblasts and EVTs in
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normal and preeclamptic placentas by real-time reverse
transcription (RT)-PCR assay. The results showed that
PP13 is predominantly expressed in the syncytiotropho-
blasts in companison to EVTs and that the expression of
syncytotrophoblasts in the preeclampuc placenta was sig-
nificantly lower than those in the normal placenta. Burger
et al reported that serum PP13 levels in patients with
preeclampsia during the second and third rimester were
significantly higher than in normal serum.”"" However,
a previous study revealed that mRNA expression of
PP13 was decreased 1n the cellular components of blood
from pregnant women with preeclampsia, in comparison
to normal blood (data not shown). The present results
proved the cell-level expression of PP13 in the syncyno-
trophoblasts from preeclamptic patients to be lower than
those from normal pregnancies.

The second part of the study demonstrated mRNA
expression of PP13 to be detectable in the CVS ussues
at 11 weeks and that the PP13 mRNA levels in CVS
tissues from pregnant women who were destined to
develop preeclampsia were significantly lower than those
from pregnant women with a normal course of preg-
nancy. This result indicates that mRNA expression in
CVS ussues in the trophoblasts from pregnant women
who will develop preeclampsia at later gestation had
already been altered before the CVS procedures, although
a higher nisk of preeclampsia has been associated with the
CVS procedure.”®

Lower PP13 protein levels were reported in the
serum samples of pregnant women at 9 to 12 weeks, who
subsequently developed preeclampsia during later gesta-
tion, in comparison to those of normal pregnant women.’
The decrease in the serum PP13 level could be affected by
the decrease in the PP13-mRNA level in the trophoblasts
from early gestation. The decreased expression of PP13
in the trophoblasts may lead to the development of pree-
clampsia. An impaired invasion of trophoblasts is well
known to be associated with the pathophysiological
changes of preeclampsia. The oxygen tension of the
intervillous space dramancally increase between 10 and
12 weeks through endothelial remodeling of the spiral
arteries in normal pregnancy.'® However, in cases where
the tension does not sufficiently increase, hypoxia and
subsequent oxidative stress of villous trophoblasts occur,
leading to the development of preeclampsia. [t is particu-
larly worth noting that PP13 expression 1s aftected at this
early stage of gestation. This finding indicates that the
alterations associated with the pathogenesis of preeclamp-
sia in the villous trophoblasts have already started at this
gestational age. It is suggested that the decrease of PP13

Reproductive Sciences Vol. 000, No. 00, Month 2008 5

may be results from hypoxia of the intervillous space and
that 1t may be the result of factors which are more directly
associated with the edology of preeclampsia, such as
impaired invasion of trophoblasts. Further research to
resolve the mechamism regulaung PP13 expression in the
trophoblasts during early gestation may elucidate the
pathogenesis of preeclampsia.

In conclusion, we found a decrease in the PP13
mRNA expression to occur in the trophoblasts obtained
from women in their 11th week of pregnancy who
develop preeclampsia at a later gestation. This finding
indicates that an alteration in the PP13 mRINA expression
in the trophoblasts may be associated with in the patho-
genesis of preeclampsia.
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Gene expression in chorionic villous samples at 11 weeks’
gestation from women destined to develop preeclampsia
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Objective To evaluate the direct alterations in mRNA expression among chorionic villous samples from
11 weeks' pregnant women who would develop preeclampsia (PE) later in the pregnancy.

Method Case-control study encompassing five women destined to develop PE [cases matched 1:5 for
gestational age (GA) with 25 controls]. We quantified mRNA expression on tissue samples from chorionic
villous sampling (CVS) of normal and PE patients. We then assessed mRNA expressions of vascular
endothelial growth factor (VEGFA), VEGFA receptor | (Flt-1), endoglin (Eng), placental growth factor (PIGF),
transforming growth factor-§1 (TGF-£1), heme oxygenase-1 (HO-1) and superoxide dismutase (SOD). Data
were analyzed by nonparametric rank analysis.

Results For all the mRNA species considered in this study, all the mean observed ranks in the PE group
were significantly altered compared to the rank expectation among controls. mRNA for Eng and TGF-£1 were
the markers with the highest degree of aberration in PE, in respect to controls. The results are consistent with
those already reported for the comresponding circulating proteins. mRNA for HO-1 and SOD were instead
associated with the lowest aberration.

Conclusion It is assumed that the pathogenesis of PE is associated with pathophysiological alterations to
rophoblasts in early gestation. Our study has directly proved that gene expressions relating 1o angiogenesis
or oxidative stress are altered in the first trimester trophoblasts that go on to develop PE later. These results
would put the basis for a possible screening method for PE by using residual CVS. Copynght © 2008 John

Wiley & Sons, Lid,

kEY worps: mRNA; preeclampsia; real-time PCR; chorionic villous samples

INTRODUCTION

Preeclampsia (PE) complicates 5-8% of all pregnancies
(De Groot et al.,, 1999) and remains one of the main
causes of maternal and fetal monality and morbidity
(Walker, 2000). PE is a multisystem disorder unique
to human pregnancy and its clinical features are well
recognized, characteristically manifesting in the second
to third trimester. However, the underlying and major
changes in the pathology arise in the earlier stages of
pregnancy owing to a failure of trophoblast cell invasion
associated with increased apoptotic and necrotic indices
manifesting in the second to third trimester. The earlier
the gestational age (GA) at diagnosis, the higher the
risk of maternal death (MacKay er al., 2001). In fact,
the risk of maternal death is fourfold higher if PE is
diagnosed before gestational week 32 compared to after
this GA. Given the morbidity associated with PE and
the long preclinical phase before it manifests clinically
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Bologna, Via Belmeloro 8-40126 Bologna, Italy.
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in later gestation, an enormous variety of biomolecules
have been studied to detect evidence of alteration in
the maternal circulation during early pregnancy, prior
to the presentation of clinical symptoms (Myatt and
Miodovnik, 1999).

It has recently been reported that increases in antian-
giogenic factors such as vascular endothelial growth fac-
tor receptor-1 [VEGFR-1, also known as fms-like tyro-
sine kinase-1 (Flt-1)] and endoglin (Eng) play impor-
tant roles in the development of PE and that the pro-
tein levels of maternal serum increase long before the
onset of the clinical manifestation (Levine er al., 2006).
Also, vascular endothelial growth factor (VEGFA), as
well as placental growth factor (PIGF) have been exten-
sively proposed as predictive markers for PE long before
the clinical onset as reviewed by Lyell er al. (2003).
Transforming growth factor-g1 (TGF-£1) was also asso-
ciated with the prediction of PE but with discordant
results, being reported both higher or lower in PE cases
(Enquobahrie er al., 2005; Lim et al., 2008). Finally,
in vitro study has revealed that these gene expressions
in trophoblasts are up-regulated by a decrease in heme
oxygenase-1 (HO-1), which works protectively against
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oxidative stress (Cudmore er al., 2007) while superox-
ide dismutase (SOD) is increased in trophoblast cells
under hypoxia condition (Li er al, 2005). Thus, it is
speculated that angiogenesis and oxidative stress play
important roles in the pathogenesis of PE.

However, for a variety of reasons, numerous aspects
of normal and pathological pregnancies, particularly
with regard to PE, remain difficult to study and are thus
poorly understood. For example, a direct evidence of
in vive alteration of gene expressions in the trophoblast
from patems destined 1o develop PE later has not
been reported. Thus in the present study, to test for
direct alterations in gene expression among trophoblasts
that would later develop PE, we prospectively collected
tissue samples of villous trophoblasts at the time of fetal
karyotype analysis through chorionic villous sampling
(CVS). mRNA expressions of factors that are reported
to play roles in the development of PE were assessed
and compared with the clinical outcomes,

MATERIALS AND METHOD

As many as thirty pregnant women in care at the Divi-
sion of Prenatal Medicine at the University of Bologna,
Bologna, ltaly, were enrolled in the present prospec-
tive case-control study. All the women were more than
35 years old at delivery and bearing a single male fetus.
Pregnancies with major fetal defects (like congenital
heart diseases and aneuploidies) were excluded. CVS
was performed for assessment of fetal karyotype. Resid-
ual CVS from five women with a diagnosis of PE (per-
formed at the third trimester of pregnancy) were matched
with 25 controls (1:5 ratio) for GA and fetal gender.
GA was calculated by ultrasonograph measurements at
11 weeks' gestation. All women gave informed consent
to participate in the study, which was approved by the
Institutional Review Board.

PE was defined as gestational hypertension (sys-
tolic pressure > 140 mmHg or diastolic blood pressure
=90 mmHg on >2 occasions after gestational weck 20)
with proteinuria (>0.3 g/day). Severe PE was defined
by the presence of =1 of the following: (1) severe ges-
tational hypertension (systolic pressure > 160 mmHg or
diastolic blood pressure > 110 mmHg on =2 occasions
after gestational week 20); or (2) severe proieinuria
(=5 g protein in a 24-h urine specimen) (ACOG practice
bulletin, 2002).

Tissues and RNA preparation

Villous samples were centrifuged at 1500 g for 5 min at
4°C, resuspended in 1 mL of phosphate buffered solu-
tion (PBS) and then centrifuged at 1500 g for 5 min at
4°C. Each villous sample was mixed with 0.8 mL of Tri-
zol Reagent (Invitrogen, Carlsbad, CA) and lysated by
repetitive pipetting. For the RNA extraction, 0.16 mL
of chloroform was added to the sample; after vigorous
shaking, the sample was incubated at 4°C for 15 min
and centrifuged at 12000 rpm for 15 min at 4°C; fol-
lowing centrifugation, the aqueous phase was transferred

Copyright © 2008 John Wiley & Sons, [1d

to a fresh microtube. Precipitation of total RNA from
the aqueous phase was obtained by mixing with 0.4 mL
of isopropyl alcohol, incubated at 4°C for 15 min and
centrifuged at 12000 rpm for 15 min at 4°C. The RNA
pellet was washed once in 0.8 mL of 75% ethanol and
briefly air-dried. Finally, the total RNA was dissolved
in 20 uL of RNase-free water and stored at —80°C.

Real-time quantitative reverse
transcription-PCR

RNA samples were transferred to Japan at under —20°C.
Molecular analysis was performed in the Department of
Obstetrics and Gynecology at Showa University School
of Medicine, Tokyo. RNA was reverse-transcripted by
an Omniscript RT kit (Qiagen, Hilden, Germany). cDNA
products were amplified by real-time quantitative poly-
merase chain reaction (PCR), according to the manufac-
turer's instructions (QuantiTect Probe PCR kit: Qiagen)
using a 2-pL aliquot of cDNA and the kit components in
a reaction volume of 20 pl.. TagMan PCR analyses for
VEGFA, Flt-1, Eng, PIGF, TGF-g1, HO-1, SOD, and
Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
were performed using predeveloped and commercially
available primers and probe sets (Cat # Hs00900054 _m
for VEGFA, Cat # Hs01052936_.ml for Flt-1, Cat
# Hs00923997_gl for Eng. Cat # Hs00182176_ml
for PIGF, Cat # Hs0000171257 ml for TGFg1, Cat#
Hs00157965_.ml for HO-1, Catf Hs00166575ml for
SOD, and Car# 4 333 764F for GAPDH; Applied Biosys-
tems, Foster City, CA). As an initial step, we verified
that each PCR assay was specific to mRNA and not to
genomic DNA. Amplification data were collected and
analyzed with an ABI Prism 7900T Sequence Detec-
tor (Applied Biosystems). Each sample was analyzed
in duplicate, and multiple negative water blanks were
included in every analysis. The thermal profile used was
as follows: 15 min of denaturation at 95°C, followed
by 15 s of annealing at 94°C and 1 min of extension at
60 “C. Quantification of gene expression was performed
with investigators blinded to the outcome of pregnancy.
Amounts of mRNA samples were expressed in term
of copies per milliliter. To quantify these mRNA con-
centrations, we prepared plasmid DNA for calibration
curves as previously described (Purwosunu er al., 2007).
Owing to the fact that initial volumes of tissues could
not be measured, the level of each gene expression was
expressed as a ratio 10 the GAPDH expression.

Statistical analysis

Data were matched for GA in a | :5 case-control study
design. Median mRNA concentrations of each available
marker of Flt-1, Eng, VEGFA, PIGF, TGF-g1, HO-
I, and SOD in cases and controls were calculated.
Rank and nonparametric analysis (Mann—Whimey U
test or Fisher exact test) were used to detect differences
between cases and controls. Differences were considered
significant for a p-value <0.05.

Prenar Diagn 2008; 28: 956-961.
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Figure | —Results of rank-sum analysis of the CVS samples. The number of PE cases with each numerical rank is represented by the bar graph

RESULTS

Table | and 2 reports the clinical information avail-
able for the data set. Table 3 reports the median values
(min—-max) for the mRNA species considered in the
study. Quantitative amplification data were examined
using matched rank-sum analysis. The ranks of the mean
mRNA levels from each PE sample were found to be
significantly higher or lower than the expected rank for
the controls. The mean observed ranks for PE cases and
controls are reported in Table 4 and Figure 1, showing a
statistically different distribution between the cases and
controls. As shown, Eng was the marker with the highest
difference, followed by TGF-g1 Eng. HO-1 and SOD
were the markers with the lowest level of aberration
in PE.

DISCUSSION

Trophoblast differentiation and, specifically. pseudovas-
culogenesis during early pregnancy are crucial for nor-
mal placentation and a well-functioning maternal-[etal
interface (Red-Horse er al., 2004). In PE, trophoblasts
fail to mimic a vascular adhesion phenotype, causing

impaired invasion of the spiral arteries (Zhou et al.,
1997). PIGF and VEGFA, which share close amino
acid homology, are potent angiogenic agents. PIGF and
VEGFA are inhibited by the soluble form of Flt-1 (sFlt-
1), an endogenously secreted form of Flt-1 produced by
alternative splicing (Kendall and Thomas, 1993). Sol-
uble Flt-1 prevents interactions of PIGF and VEGFA
with membrane-bound, functional Flt-1 in vascular tis-
sues and thereby leads to endothelial dysfunction (May-
nard er al., 2005). Serum concentrations of sFlt-1 are
increased in PE and correlate with the severity of the
disease (Chaiworapongsa er al., 2004). As sFlt-1 com-
bines with PI1GF and VEGFA, free serum PIGF and free
serum VEGFA decline before the development of PE
(Levine et al., 2006). It is interesting to note that in a
rat model, over-expression of Flt-1 has been shown to
trigger a PE-like phenotype (Maynard et al., 2005). Fur-
thermore. cancer patients who were treated with an anti-
VEGFA antibody showed hypertension and proteinuria
(Yang er al., 2003). Taken together, these data suggest
that elevated sFlt-1 and, subsequently. lowered VEGFA
and PIGF levels may play a pathogenic role in the devel-
opment of PE,

Recently, sEng was identified as a possible fac-
tor causing the development of PE (Venkatesha ef al.,

Table | —Demographic and clinical characteristics of the patients. Data are expressed as median (min-max) or percentage

Variable PEn =35 Controls n = 25 p-value!
Gestational age (days) at the time of CVS 82 (81-84) 82(81-84) ns
Maternal age (vear) 36 (35-38) 36 (35-38) ns
% of primiparae 36 38 ns
Week at delivery 38 (35-41) 39 (36-41) ns
Neonatal weight (gr) 2850 (2000-3510) 3100 (2560-4180) ns

* Mann—Whitney U test or Fisher exact test,

Prenar Diagn 2008; 28: 956-96]
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Table 2—Clinical data available for the PE cases

Second trimester doppler

Case ID Week of PE insurgence PE degree of uterine arteries (mRI*) Type of delivery
SB 29 Severe 0.68, no incisure Cesarean section
IR 31 Severe 0.50, monolateral incisure Cesarean section
DM 33 Mild 0.38, no incisure Cesarean section
AF 32 Mild 0.44, no incisure Vaginal
MC 36 Mild 0.46, no incisure Vaginal
*mRI, Mean Resistance Index.

Table 3—Median (Min-Max) mRNA relative concentrations for cases and controls

mRNA species PEn =5 Controls n = 25 p-value*
Flt-1 84249 (15383.10-182662.80) 21710 (1056.70-86 196.00) 0.038
Eng 164 208 (123381-2865316) 4150 (209.20-443766.10) <0.001
VEGFA 17.3 (9.30-87.80) 6.45 (1.70-50.50) 0.016
PIGF 1.57 (0.60-12.90) 12.50 (0.90-187.60) 0.014
TGF-g1 876 (206.8-7543.10) 143 (16.80-1347.40) 0.008
HO-1 0.50 (0.07-3.15) 2 (0.16-55.91) 0.047
SOD 166 (8.40-345.00) 237 (13,20-1460.90) 0.041

The gene expression is normalized for GAPDH.
" Mann-Whitney U test.

2006). Eng or CDI05, a cell-surface co-receptor for
TGF-A1 and TGF-83 isoforms, is highly expressed in
endothelial cells and syncytiotrophoblasts and modu-
lates actions of TGF-g1 and TGF-g3. Serum levels of
placenta-derived sEng have been shown to be elevated
in PE. Furthermore, over-expression of sEng in pregnant
rats has been associated with increased vascular perme-
ability and hypertension. These symptoms worsened dra-
matically in cases where both Eng and Flt-1 were over-
expressed, resulting in a severe preeclamptic phenotype
with proteinuria and fearures of hemolysis, elevated liver
enzymes, low platelets (HELLP) syndrome. Caniggia
er al. (1997) have previously reported that overproduc-
tion of Eng would cause inhibition of trophoblast dif-
ferentiation and invasion. Yinon er al. (2008) speculate
that in pathological hypoxic conditions, Eng is inappro-
priately up-regulated, leading to abnormal trophoblast
invasion and complications such as PE. Furthermore,
excessive production of Eng would lead to increased
sEng in the maternal circulation, which in tumn may
cause endothelial dysfunction resulting in PE (Venkate-
sha et al., 2006). Previously, we also have demonstrated
increased VEGFA, Fli-1, and Eng mRNA concentrations
in plasma from women with PE at term of pregnancy.
The main origin of such mRNA is from the placenta, in
view of the rapid decrease in these mRNA levels after
delivery (Purwosunu er al., 2008). Thus, it is speculated
that antiangiogenic factors may play a very important
role in the pathogenesis of developing PE.

It is proposed that oxidative stress and inflamma-
tion associated with pregnancy may be controlled by
vascular protective factors and that the lack of such
compensatory systems leads to PE (Ahmed et al., 2000).
HO-1 has been implicated in several physiological func-
tions throughout the body including control of vascular
tone and regulation of the inflammatory and apoptotc

Copyright © 2008 John Wiley & Sons, L1d.

Table 4—Mean ranks for mRNA species in PE cases and
controls

Mean Mean Expression

rank in rank in in PE
mRNA PE controls cases vs.
species (m=35) (n=25  p-value’ controls
Flt-1 5.60 3.08 0.045 1
Eng 5.80 3.04 =<0.001 T
VEGFA 5.40 3.12 0.010 1
PIGF 1.60 3.88 0.031 l
TGF-A1 5.60 3.08 0.009 t
HO-1 2.00 3.80 0.049 4
SOD 2.60 3.68 0.041 L

* Rank-sum test.

cascades. HO-1 is an antiinflammatory and provides a
defense against oxidant injury. Administration of an HO-
I antagonist to pregnant rats resulted in fetal resorption
(Alexandreanu and Lawson, 2002), and adenoviral over-
expression of HO-1 rescues pregnancy in abortion-prone
mice (Zenclussen et al., 2004), The activity of HO-1 iso-
lated from chorionic villi is reported to decrease under
hypoxic conditions (Appleton et al., 2002). A reduced
expression of HO-1 protein in placenta from preeclamp-
tic pregnancy has been reported. Recently, Cudmore
et al. have reported an association between HO-1 activ-
ity and antiangiogenic factors; inhibition of HO-1 activ-
ity in placental villous explants stimulates the release
of sFit-1 and sEng (Cudmore er al., 2007). It is sug-
gested that the loss of HO-1 activity may be ceniral to
the pathogenesis of PE.

Nevertheless, whether such a phenomenon occurs
invive in PE placenta at early gestation remains
unknown. In the present study, we evaluated these
mRNA expressions in villous tissue samples, in cases
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where the pregnant women subsequently developed
PE. We showed that Flt-1, Eng, VEGFA, and TGF-
Bl mRNA levels were significantly higher in CVS at
11 weeks' gestation in women destined to develop PE,
whereas, PIGF, SOD, and HO-1 mRNA levels were sig-
nificantly lower. The fact that mRNA expressions of
protective factors against oxidative stress were decreased
and that those of antiangiogenic factors were increased
was concordant with a previous in vitro study (May-
nard et al., 2003). Our findings have directly shown
that these mRNA expressions were already altered in
the trophoblasts at 11 weeks, and that placental alter-
ation at first trimester may trigger the onset of PE
long before the clinical manifestation of PE. To the
best of our knowledge, this is a first report of mRNA
expression analysis in the trophoblasts in vive from
cases where the outcome of pregnancy could be eval-
uated.

Several studies report that the diminishing protein lev-
els of PIGF early in pregnancy may reflect either less
placental production of PIGF or increased binding to
local circulating and membrane bound receptors, but
the mechanisms remain unclear (Maynard er al., 2005).
There are some reports that the protein level of plasma
PIGF in early gestation was not significantly different
and was later decreased in pregnant women who sub-
sequently developed PE (Livingston ef al., 2001). There
are also reports that the serum protein level of VEGFA
was increased (Hunter er al., 2000) or decreased (Pol-
liotti er al., 2003) in early gestation. No consensus has
been reached. In this study, the mRNA expression lev-
els of angiogenic factors of PIGF and VEGFA were
decreased and increased, respectively. We then directly
proved that the local expression of PIGF was decreased
and that of VEGFA was increased in the villous tro-
phoblast in vive.

In conclusion, we quantified mRNA expressions of
genes associated with angiogenic factors and oxida-
tive stress in the early villous trophoblasts, in cases
where the pregnant women would develop PE later
in the pregnancy. In such women, it emerges that the
gene expression of antiangiogenic factors and oxidative
stress related genes is already altered in the villous tro-
phoblasts, and that Eng TGF-81 and HO-1 seem to be
critical factors for the pathogenesis of developing PE
at least in tissue samples. Given that the women who
have CVS for fetal karyotype are at higher risk for PE,
mRNA dosage can be useful for a possible detection of
higher risk patients.

ACKNOWLEDGEMENTS

This study was supported in part by a Progetto Plurien-
nale E.F. 2003, Universita di Bologna and ex 60% AF; in
part also by Grants-in-Aid for Scientific Research from
the Ministry of Education, Science, Sport and Culture
of Japan (Nos. 20591930, and 20591 308).

Health and Labour Sciences Research Grants from
Ministry of Health, Labour and Welfare, Japan.

Copyright © 2008 John Wiley & Sons, Lid.

REFERENCES

ACOG practice bulletin. 2002, Diagnosis and of
preeclampsia and eclampsia. Am " Coll Obstet Gmerol Int J
Gynaecol obster: Organ Int Fed Gynaecol Obster T7: 67-75.

Ahmed A, Rahman M, Zhang X, ef al. 2000. Inducton of placental
heme  oxygenase-1 is protective against TNFalpha-induced
cytotoxicity and promotes vessel relaxation. Mol Med 6: 391-409.

Alexandreanu IC, Lawson DM. 2002, Effects of chmnic administra-
tion of a heme oxygenase substrate or inhibi ion of
the estrous cycle, pregnancy and lactation of Spmguc l)swlny rats.
Life Sci 72: 153-162.

Appleton SD, Marks GS, Nakatsu K, Brien JF, Smith GN, Gra-
ham CH. 2002. Heme oxygenase activity in placema: direct depen-
dence on oxygen availability, Am J Physiol Heart Circ Physiol 282:
H2055-H2059.

Caniggia I, Taylor CV Rutchu. IW Lye SJ. Letarte M. 1997,
Endoglin regul ion along the invasive
pathway in human pla(‘cntal \nllom explants. Endocrinology 138:
4977-4988.

Chaiworapongsa T, Romero R, Espinoza J, eral. 2004. Evidence
supporting a role for blockade of the vascular endothelial growth
factor system in the pathophysiology ol preeclampsia. Young
Investigator Award. Am J Obstet Gynecol 190 1541-1547,
discussion 7-50.

Cudmore M. Ahmad S, Al-Ani B, et al. 2007, Negative regulation of
soluble Flt-1 and soluble endoglin release by heme oxygenase-1.
Circulation 115: 17891797,

De Groot CJ, Bloemenkamp KW, Duvekot EJ, eral. 1999.
Preeclampsia and genetic nsk factors for thrombosis: a case-control
study. Am J Obstet Gynecol 181: 975-980.

Enquobahrie DA, Williams MA, Qiu C, Woelk GB, Mahomed K.
2005. Maternal plasma transforming growth factor-betal concen-
trations in preeclamptic and normotensive pregnant Zimbabwean
women 2005, J Matern Fetal Neonatal Med 17: 343348,

Hunter A, Aitkenhead M, Caldwell C, McCracken G, Wilson D,
McClure N, 2000. Serum levels of vascular endothelial growth
factor in preeclamptic and normotensive pregnancy. Hypertension
36: 965-969.

Kendall RL, Thomas KA. 1993, Inhibition of vascular endothelial cell
growth factor activity by an endogenously encoded soluble receptor.
Proe Natl Acad Sci U S A 90: 10705-10709.

Levine RJ, Lam C, Qian C, et al. 2006, Soluble endoglin and other
circul genic factors in preeclampsia. N Engl J Med
388; 992 1005.

Li H. Gu B, Zhang Y, Lewis DF, Wang Y. 2005. Hypoxia-induced
increase in soluble Fli-1 production correlates with enhanced
oxidative stress in trophoblast cells from the human placenta.
Placenta 26: 210-217.

Lim JH. Kim SY, Park SY, Yang JH, Kim MY, Ryu HM. 2008.
Effective prediction of preeclampsia by a combined ratio of
angiogenesis-related factors. Obstet Gynecol 111 14031409,

Livingston JC, Haddad B, Gorski LA, eral. 2001. Placenta growth
factor is not an early marker for the development of severe
precclampsia. Am J Obstet Gynecol 184: 12181220,

Lyell DJ, Lambert- Messerlian GM,  Giudice LC. 2003, Prenatal
screening, epidemiology, diagnosis, and management of preeclamp-
sin. Clin Lab Med 23; 413-442,

MacKay A. Berg C. Atrash H, 2001, Preg
from precclampsia and eclampsia. Qbstet vam.' 97: 533-538.

Maynard SE, Min JY, Merchan ), ef al. 2003, Excess placental
soluble fms-like tyrosine kinase 1 (sFlitl) may contribute
to endothelial  dysfunction, hypertension, and proteinuria in
preeclampsia. J Clin Invest 111: 649-658.

Maynard SE, Venkatesha S, Thadhani R, Karumanchi SA. 2005.
Soluble Fms-like t in¢ kinase | and endothelial dysfunction in
the pathogenesis of preeclampsia, Pediatr Res 57: IR-TR.

Myan L, Miodovnik M. 1999, Prediction of preeclampsia. Semin
Perinatol 23: 45-57.

Polliotti BM, Fry AG, Saller DN, Mooney RA, Cox C, Miller RK.
2003, Second-trimester maternal serum placental growth factor and
vascular endothelial growth factor for predicting severe, early-onset
preeclampsia. Obszer Gynecol 101: 1266—1274.

Purwosunu Y, Seckizawa A, Farina A, eral. 2008, Evaluation of
physiological alterations of the placenta through analysis of cell-free

Prenat Diagn 2008; 28: 956-961.
DOL; 10.1002/pd

=39 =



GENE EXPRESSION IN CVS AND PREECLAMPSIA 961

messenger nbonucleic acid concentratons of angiogenic factors,
Am J Obster Gynecol 198: 124 el -7

Purwosunu Y, Sekizawa A, Koide K, eral. 2007, Cell-frec mRNA
concentrations of plasminogen actuvator inhibitor-1 and ussue-type
plasminogen activator are i d in the pl of
women with preeclampsia, Clin Chem 53: 399404

Red-Horse K. Zhou Y, Genbacev O, eral. 2004, Trophoblast
differentiation duning embryo implantation and formation of the
maternal-fetal interface. J Clin Invest 114: 744-754,

Venkatesha S, Toporsian M, Lam C, et al. 2006. Soluble endoghn
contributes 1o the pathogenesis of preeclampsia, Nar Med 12:
642649,

Walker J1. 2000, Pre-eclampsia. Lancer 356: 1260- 1265,

Yang JC, Haworth L, Sherry RM, eral. 2003, A randomized trial of
bevacizumab, an anti-vascular endothelial growth lactor antibody,
for metastatic renal cancer, N Engl J Med M9 427-4),

el

Copyright © 2008 John Wiley & Sons, Lid

Yinon Y. Nevo O, Xu ), eral. 2008. Severe intraulerine growth
restriction pregnancies have increased placental endoglin levels:
hypoxic regulabon wvia transforming growth factor-beta 3. Am J
Pathol 172: 77-85.

Zenclussen AC, Fest S, Joachim R, Klapp BF, Arck PC. 2004,
Introducing a mouse model for pre-eclampsia: adoptive transfer
of activaled Thl cells leads to pre-eclampsia-ike symploms
exclusively in pregnant mice, Eur J Immunol 34: 377-387,

Zhou Y, Damsky CH. Fisher S). 1997, Preeclampsia is associated
with failure of human cytotrophoblasts to mimic a vascular adhesion
phenotype. One cause of defective endovascular invasion in this
syndrome? J Clin Invest 9% 2152-2164.

Prenat Diagn 2008, 28; 956-961.
DOT: 10.1002/pd

— 230 —



30000
20000

10000

L
D) 5000
1]

tPA

VEGFR-1

100

10

1000

100

10

231



Selectin P

endoglin

100000

1000

10000}

100000

10000

1000

100

10

1000000F —
m r—he—
« 100000k
S i
- 10000¢
o
L_ooom
100
10
.,u,O/ £Y o® <&
& & K O
o @O/.w Gnv.v n»ﬁn,nv

232



