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and maternal artery remodelling (Burger ef al., 2004;
Than et al., 2004a,b). The present study, therefore, quan-
tified the mRNA expression of PP13 in the cellular
component of blood from pregnant women in the third
trimester and early second trimester, and assessed the
association between the PP13 expression and the onset
of preeclampsia.

MATERIALS AND METHODS

Subjects

This study was performed as part of a series along with
previously reported studies (Purwosunu et al., 2007a,b;
Purwosunu et al., 2008, 2009). The first part of the study
is a case—control study. The study population included
preeclamptic and normal pregnant women who were
treated at the Department of Obstetrics and Gynecol-
ogy, University of Indonesia, at Cipto Mangunkusumo
National Hospital. The subjects were recruited between
December 2005 and February 2006. Preeclampsia and
control group consisted of 24 and 22 cases respectively.
The control group included pregnant women with no
preexisting diseases or prenatal complications.

The second part of the study was designed as a
prospective cohort study in early pregnant women (ges-
tational weeks 15-20). Of the 683 women enrolled,
23, who had incomplete information regarding the out-
come, whose pregnancy ended before 20 weeks or
who experienced stillbirth, were excluded. Among the
remaining 660 women, 62 developed preeclampsia (mild
preeclampsia: 26 cases; severe preeclampsia: 24 cases;
hemolysis, elevated liver enzymes, and low platelets
(HELLP) syndrome: 12 cases). Some of the samples
were used for the other study and were unavailable for
this study. mRNA from 41 subjects were then avail-
able in the preeclampsia group (mild preeclampsia: 20
cases; severe preeclampsia: 14 cases; HELLP syndrome:
7 cases). Each case was matched with three controls of
a similar gestational age at the time of blood testing,
maternal weight and fetal gender. Therefore, a total of
41 women who developed preeclampsia and 123 con-
trols with a normal course of pregnancy were enrolled.
No special management or treatment other than prena-
tal care was administered before the clinical signs of
preeclampsia. If abnormalities of blood pressure and/or
proteinuria were found, the patients were recommended
for admission to the hospital.

Mild and severe preeclampsia and HELLP syndrome
were defined as described in a previous report (ACOG,
2002; Purwosunu et al., 2007b). In brief, preeclamp-
sia was defined as gestational hypertension (systolic
pressure >140 mmHg or diastolic blood pressure >90
mmHg on more than or equal to two occasions after ges-
tational week 20) with proteinuria (>0.3 g/day). Severe
preeclampsia was defined by the presence of more than
or equal to one of the following: (1) severe gestational
hypertension (systolic pressure >160 mmHg or dias-
tolic blood pressure >110 mmHg on >2 occasions after
gestational week 20) or (2) severe proteinuria (>5 g

Copyright © 2009 John Wiley & Sons, Ltd.

protein in a 24-h urine specimen or >3 g in two ran-
dom urine samples collected >4 h apart). Infants who
were determined to be small for gestational age (SGA)
were defined as having birth weight <2.0 SD below the
mean for the gestational age. The control group included
pregnant women with no preexisting medical diseases or
prenatal complications.

All women provided informed consent to participate
in the study, which was approved by the Research Ethics
Committee of both University of Indonesia and Showa
University.

Processing of blood samples

The blood samples (2.5 mL) were collected in PAX-
gene blood RNA tubes (PreAnalytiX, Hombrechtikon,
Switzerland), which contained a solution for lysing non-
nucleated erythrocytes and stabilizing the RNA of nucle-
ated cells. The samples were mixed well and kept
at room temperature for 3 h, and then were stored
at —20°C until they were transported to Japan. A
molecular analysis was performed in the Department of
Obstetrics and Gynecology at Showa University School
of Medicine, Tokyo. RNA extraction was performed
according to protocols described elsewhere(Okazaki
et al., 2007). In brief, cellular component samples were
centrifuged twice at 4000 g for 10 min at room tem-
perature in order to remove the entire supernatant and
any mRNA present in residual plasma. The pellet was
then washed and centrifuged at 4000 g for 10 min and
the supernatant was removed. In this step, the con-
tamination of cell-free RNA of maternal plasma was
completely removed. The pellet was then re-suspended
and incubated in an optimized buffer solution contain-
ing proteinase K to digest the protein. A second round
of centrifugation was performed to remove any residual
cell debris, and the resulting supernatant was transferred
to a fresh microcentrifuge tube. Then, 100% ethanol was
added to the supernatant to adjust the binding conditions,
and the resultant lysate was applied to a PAXgene spin
column (PreAnalytiX), resulting in selective binding of
RNA to the silica-gel membrane of the spin column.
After the column was washed three times, pure RNA
was eluted in 80 pL. of RNase-free water.

Real-time quantitative RT-PCR

Reverse transcription of the mRNA was performed
using an Omniscript RT Kit (Qiagen). Real-time quan-
titative PCR was then performed using a QuantiTect
Probe PCR Kit (Qiagen). Reverse transcription was per-
formed according to the manufacturer’s instructions.
c¢DNA products were amplified by real-time quantita-
tive PCR according to the manufacturer’s instructions
wsing a 2-pl. aliquot of ¢cDNA and the kit’s compo-
nents in a reaction volume of 20 pL. TagMan PCR
analysis for PP13 was performed using pre-developed
and commercially available primers and probe set (Cat
# Hs00747811_m1; Applied Biosystems, Foster City,
CA). The thermal cycling protocol used for PCR was
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as follows: initial denaturation at 95°C for 15 min, 40
cycles of denaturation at 94°C for 15 s and annealing
at 60°C for 1 min. The amplification data were col-
lected and analysed with an ABI Prism 7900T Sequence
Detector and the SDS 2.3 software program (Applied
Biosystems). Each sample was analysed in duplicate,
and multiple negative water blanks were included in
every analysis. As an initial step, the PCR assay was
verified to be specific to mRNA and not to genomic
DNA. We also confirmed that PP13 expression was neg-
ative in the cellular component of three non-pregnant
women, indicating that it was specific to pregnancy. The
quantification of gene expression was performed with
investigators blinded to the outcome of pregnancy. The
amounts of mRNA samples were expressed in terms of
copies per mL of the initial whole blood volume by a
method reported elsewhere (Okazaki er al., 2007; Sek-
izawa et al., 2009).

Statistical analysis

In the first part of the study, 24 women with a diag-
nosis of preeclampsia were matched with 22 controls
for gestational age and fetal gender. The gestational
age was calculated by ultrasonographic measurements at
11 weeks' gestation. Non-parametric descriptive statis-
tics were calculated. The median mRNA values of PP13
and relative multiple of median (MoM) for each group
was calculated and analysed using the Mann—Whitney
U test. :

In the prospective cohort study, as a second part of
the study. the data were matched for gestational age
at the time of blood drawing and fetal gender in a
.3 case—control design, The gestational age was cal-
culated by ultrasonographic measurements at 11 weeks’
gestation. The distributions of demographic character-
istics and mRNA for PP13 concentrations were anal-
ysed after conversion in MoM. The regression line of
the LogPP13 versus gestational age yielded a p-value
of 0.017 (F = 1.25, R? =0.031). MoM values were
retrospectively stratified according to the severity of
preeclampsia and development of HELLP syndrome.
Kruskal Wallis and Dunn tests were used for compar-
isons among and between groups. The detection rate
(DR) and false-positive rate (FPR) were calculated for
PP13 RNA using a univariate ROC curve.

RESULTS

Comparison between symptomatic patients
and normal controls in the third trimester

The demographics of the study subjects are reported in
Table 1. No differences were observed in the mater-
nal age, body mass index (BMI) and gestational age
of blood drawing. PP13 RNA levels were lower in
the preeclampsia cases than those in controls (p-value
<0.001; Mann—-Withney U test). After MoM conver-
sion, PP13 RNA was 1.00 &+ 0.34 for the controls and
0.33 £ 0.19 for the preeclampsia cases (p-value <0.001:
Mann~Withney U test: Figure 1).

Prospective cohort study of asymptomatic
pregnant women during the early second
trimester

The demographics of the study subjects are sumarized
in Table 2. No differences were observed in the mater-
nal age, BMI, systolic and diastolic blood pressures and
gestational age at the time of blood drawing. Among
the 41 cases of the preeclampsia group, 20 cases had
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Figure 1—Concentration of PP13 mRNA in the cellular component

of the blood from third-trimester pregnant women in the control
and preeclampsia groups. PP13 concentrations were expressed by the
MoM values

Table 1—Demographics of pregnant women with and without preeclampsia during the third trimester

Variable Control (n = 22) Preeclampsia (n = 24) p-value®
Age (years) 27 (16-42) 27 (18-37) 0.834
BMI 22 (20-28) 23.5 (16-32) 0.839
Systolic blood pressure (mmHg) 115 (100-125) 160 (130-200) —
Diastolic blood pressure (mmHg) 75 (70-85) 100 (50-140) —
Birthweight (g) 3250 (2500-4200) 2875 (2000-3500) 0.019
Proteinuria (g/day) 0.2 (0.1-0.4) 5(1.5-8.0) —
Y%eNullipara 50% 41.7%

Gestational week at the time of blood test 38.5 (35-40) 39 (36-41) 0.665

®Mann-Whitney U test.
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mild preeclampsia, 14 had severe preeclampsia and 7
had HELLP syndrome. After MoM conversion, PP13
RNA was 1.00 £ 2.31 in the controls and 0.56 & 1.92 in
the preeclampsia cases, and the level in the controls was
significantly higher than that in the preeclampsia group
(p-value = 0.008, Mann—-Whitney U Test; Figure 2).
Figure 3 shows the PP13 RNA distribution in controls

and cases stratified according to severity. The only sign-

ficant difference was found for control versus HELLP
syndrome cases. An ROC curve of PP13 in predicting
preeclampsia yielded a DR of 24 and 31% at an FPR
of 5 and 10% respectively (Figure 4), corresponding to
the values of MoM PP13 of 0.28 and 0.41 respectively.
The AUC was 0.735 (95%CI 0.505-0.965). For predic-
ing HELLP syndrome, the DR was 28 and 43% at the
same cut-off points of FPR, corresponding to the values
of MoM PP13 of 0.27 and 0.43 respectively.

DISCUSSION

PP13 1s one of the protems specifically synthesized
by the placenta. Although the function of PP13 s not
clear, PP13 is associated with implantation and maternal
artery remodelling(Burger et al., 2004), and PP13 pre-
vents erythrocyte adhesion in areas with reduced blood
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Figure 2—Concentration of PP13 mRNA in cellular component of
the blood from second-trimester pregnant women in the control and
preeclampsia -groups. PP13 concentrations were expressed by the
MoM values
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Figure 3—Concentration of PP13 mRNA in cellular component of
the blood from second-trimester pregnant women in the control and
wn preeclampsia stratified according to severity. PP13 concentrations
were expressed by the MoM values. p-value = 0.047, Kruskal Wallis
Test. Significant comparisons have been made for control versus
HELLP by the Dunn test
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Figure 4—ROC curve showing the performance of PP13 in predicting
preeclampsia. AUC = 0.735 (95%CI = 0.505-0.965), p-value =
0.037. We used a non-parametric estimation of the AUC. This method
is quite similar to the Mann—~Whitney U statistic and provides an
unbiased non-parametric estimator for the area

Table 2—Demographics of the asymptomatic pregnant women during the early second trimester

Variable Control (n = 123) Preeclampsia (n = 41) p-value*
Age (years) 28 (17-43) 29.5 (19-42) 0.297

BM1 22.7 (13.79-34.22) 23.14 (17.42-33.33)

Systolic blood pressure (inmHg) 100 (90-120) 100 (50—-120) 0.849
Diastolic blood pressure (mmHg) 70 (60-80) 70 (60—80) 0.854
Birthweight (g) 3190 (2500-4080) 2430 (1780-3290) <0.001

%Nullipara 31.7

Gestational week at the time of blood test 17 (15-22) 17 (15-21) 0.528
Gestational week at delivery 38.1 (34-41) 36.5 (32-40) <0.001

4 Mann—-Whitney U test.

Copyright © 2009 John Wiley & Sous, Ltd.
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flow such as intervillous space (Burger ef al., 2004; Than
et al., 2004a,b). Furthermore, PP13 is suggested to have
special immune functions at the feto-maternal interface
(Than et al., 2004a,b). An immunohistochemical study
indicated that PP13 is localized in the brush border
membrane of syncytiotrophoblasts (Than et al., 2004b).
However, the function of PP13 in normal pregnancy
and its role in the pathogenesis of preeclampsia has
not yet been elucidated. A previous study quantified the
expression of PP13 mRNA by both syncytiotrophoblasts
and EVTs microdissected from normal and preeclamp-
tic placentas. PP13 RNA is predominantly expressed in
the syncytiotrophoblasts in comparison to EVTs and the
expression by syncytiotrophoblasts in the preeclamptic
placenta was significantly lower than that in the nor-
mal placenta (Sekizawa et al., 2009). Furthermore, the
expression of PP13 mRNA was assessed in the first-
trimester trophoblasts from residual samples of chorionic
villus sampling (CVS) obtained for fetal karyotyping. In
this study, 5 out of 90 cases subsequently developed
preeclampsia at later gestation. The PP13 expression of
the first-trimester trophoblasts from women who devel-
oped PE later was significantly lower than that from nor-
mal cases (Sekizawa et al., 2009). This previous study
directly proved that the decreased RNA expression of
PP13 in the trophoblasts during the first trimester was
associated with the pathophysiology of preeclampsia.

The present study assessed the PP13 RNA expression
in pregnant women with and without preeclampsia
during the third trimester. This revealed that the mRNA
expression of PP13 was significantly decreased in the
cellular components of blood from pregnant women with
preeclampsia, in comparison to normal blood. These
results would be associated with the finding that the
mRNA expression of PP13 in the preeclamptic placenta
was lower than that from normal placenta. This indicates
that the analysis of cellular RNA in maternal blood will
permit the evaluation of placental pathophysiological
alterations, and therefore RNA analysis of PP13 will
make it possible to predict preeclampsia.

Next, the possibility of predicting preeclampsia was
assessed in blood samples during the early second
trimester. The results showed that the PP13 expression
was significantly decreased in the cellular component of
blood from asymptomatic pregnant women who subse-
quently developed PE during later gestation. This result
is also associated with the finding of decreased placen-
tal PP13 production, which was revealed in our pre-
vious PP13 analysis of CVS tissue (Sekizawa et al.,
2009). The blood sampling was performed at approx-
imately 20 weeks before the onset of clinical symptoms
of preeclampsia. At this early gestational age, the patho-
physiological alterations of placenta were estimated by
analyzing the cellular RNA of the maternal blood. In the
study of prediction for preeclampsia, an ROC curve of
PP13 RNA yielded a DR of 24 and 31% at an FPR of 5
and 10% respectively. For predicting HELLP syndrome,
the DR was 28 and 43% at the same cut-off points of
FPR. The AUC was 0.735 (95%CI 0.505-0.965). Using
a PP13 protein assay during the first trimester, Chafetz
et al. reported that the AUC was 0.91 for preeclamp-
sia (Chafetz et al., 2007). The efficiency of this cellular

Copyright © 2009 John Wiley & Sons, Ltd.

PP13 RNA level may be inferior to the protein assay.
One of the reasons is likely that the MoM standard devi-
ation was large in this study series. The other reason is
that the study subjects are from early second trimester.
Subsequent studies should evaluate the mRNA expres-
sion levels in the first trimester samples to compare the
efficiency to the protein assay. A panel of mRNA mark-
ers in maternal plasma, such as vascular endothelial
growth factor receptor 1 (FLT-1), endoglin and plas-
minogen activator inhibitor-1, is able to predict pregnant
women who will develop preeclampsia during later ges-
tation (Purwosunu et al., 2009). If some other markers,
such as FLT-1 and endoglin, were combined to the PP13
RNA level, then the prediction from cellular RNA in
maternal blood would be more efficient. In this study,
preeclampsia occurred in 9% of the patients, a higher
frequency than that seen in the published literature. No
previous major studies have clarified the prevalence of
preeclampsia in Indonesian populations, and this higher
prevalence could confound the result.

In conclusion, a decrease in the PP13 mRNA
expression was observed in the cellular component of
blood from both preeclamptic patients during the third
trimester and asympyomatic pregnant women during the
early second trimester who develop preeclampsia during
later gestation. These findings indicate that an alteration
in the PP13 mRNA expression in the placenta may there-
fore be associated with the pathogenesis of preeclampsia,
and that this marker could potentially be one of the key
markers to predict the clinical onset of preeclampsia.
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Objective A panel of cellular mRNA markers was used to
predict the occurrence of pre-eclampsia in pregnant women
at 15-20 weeks of gestation,

Design Prospective cohort study.

Setting The Department of Obstetrics and Gynaecology,
University of Indonesia, Cipto Mangunkusumo National Hospital,
Indonesia,

Sample Peripheral blood samples from asymptomatic pregnant
wormelt.

Methods Among 660 women, 62 developed pre-eclampsia at later
gestation {pre-eclampsia group) and each case was matched with
five controls. Therefore, the RNA expression levels in the cellular
component of maternal blood in 62 women with pre-eclampsia
were compared with those in 310 controls.

Main outcome measures The cellular RNA expression levels of
genes related to angiogenesis and oxidative stress were compared

between pre-eclampsia and control groups. A receiver operating
characteristic (ROC) curve was used to analyse the sensitivity of
each available marker. A logistic regression analysis was performed
to calculate the odds for cach woman to be classified as a case,

Results The univariate ROC analysis identified soluble vascular
endothelial growth factor veceptor-1 (Flt-1) and endoglin (ENG)
as the markers with the highest sensitivity. The best multivariate
model was obtained by combining Flt-1, ENG, placental growth
tactor (PIGF) and parity. The relative ROC curve vielded a
sensitivity of 66% at a 10% 1 — specificity rate with an arca under
the curve of 0.884 (P < 0.001).

Conclusion A panel of cellular mRNA markers in maternal blood

can predict the development of pre-eclampsia long before clinical
onset.

Keywords Cellular RNA, endoglin, prediction, pre-eclampsia,
vascular endothelial growth factor receptor-1.
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Introduction

Despite advances in perinatal care, pre-eclampsia (PE) is
the most common cause of maternal and perinatal mortal-
ity and morbidity worldwide.! Recently, anti-angiogenic
factors, such as soluble vascular endothelial growth factor
receptor-1 (sFlt-1) and soluble endoglin (sENG), which are
both produced in the placenta, have been shown to play
important roles in the pathogenesis of PE.*™

Vascular endothelial growth factor (VEGF) is a pro-
angiogenic factor and causes vasodilatation through the

production of nitric oxide and prostacyclin™ As Flt-1
combines with VEGF and placental growth factor (PIGF),
and the serum level of soluble Flt-1 increases in pregnant
women who develop PE? free PIGF and free VEGE in
maternal serum decline prior to the development of PE.
Another anti-angiogenic factor is endoglin (ENG), which
regulates the endothelial nitric oxide synthase activity
and local vascular tone.” Venkatesha et al.” have reported
that the placenta is a major source of soluble ENG
during pregnancy, and that ENG is up-regulated in the
pre-eclamptic placenta, releasing soluble ENG into the
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maternal circulation, which correlates with the severity of
PE.

Although the molecular mechanism regulating the pro-
duction of Flt-1 and ENG in the placenta is unknown, it
has been suggested that hypoxia or oxidative stress of
trophoblasts is associated with the production of these fac-
tors. Li et al.'® reported the up-regulation of Flt-1 to be

- associated with increased oxidative stress as a consequence

of hypoxia in placental trophoblasts. Haem oxygenase-1
(HO-1) is known to have antioxidant, anti-inflammatory
and cytoprotective functions. HO-1 is an oxygen sensor
and its expression is inducible under hypoxic conditions,"'
Although low HO-1 levels in the placenta result in an abor-
tion,'* the up-regulation of HO-1 by adenoviral adminis-
tration  works  protectively  during  pregnancy."”
Furthermore, PE is associated with diminished placental
HO-1 levels."* Moreover, the adenoviral overexpression of
HO-1 inhibits soluble ENG release in placenta) villous ex-
plants, whilst also inhibiting Flt-1 production in endothelial
cells."

Therefore, anti-angiogenic and anti-oxidative factors are
considered to play a crucial role in the pathogenesis of PE.
These placental alterations in women who develop PE in
later gestation are thought to begin during the first trimes-
ter, when extravillous trophoblasts remodel into the endo-
thelial cells of the spiral arteries. The in vivo alteration of
gene expression has been observed in the first-trimester
trophoblasts from pregnant women destined to develop PE
later, confirming this hypothesis.'® In this study, tissue
samples of villous trophoblasts at the time of fetal karyo-
type analysis were collected prospectively through chorionic
villous sampling (CVS), and the mRNA expression of these
genes was assessed. The results revealed that the expression
levels of Flt-1, ENG, VEGF and transforming growth fac-
tor-fi1 (TGFf1) were significantly higher in the CVS tissues
from pregnant women who later developed PE, whereas
the levels of PIGF, HO-1 and superoxide dismutase {SOD)
were lower.'® These findings suggest that the genes associ-
ated with angiogenesis and reduced anti-oxidant stress play
crucial roles in the pathogenesis of PE, and that the mea-
surement of the expression of these factors in maternal
blood may enable the prediction of the onset of PE.

Fetal/placental RNA circulates in the maternal plasma
and has enabled the development of several promising
approaches for the noninvasive evaluation of placental
function.!”'" Subsequently, cell-free RNA concentrations of
VEGF, Flt-1 and ENG were assessed in the plasma of
women with and without PE."” These transcripts increased
in the plasma of pre-eclamptic women and correlated posi-
tively with disease severity. An additional study of postpar-
tum samples found the mRNA transcripts to decrease
rapidly after delivery, thus suggesting that the majority of
the transcripts were derived from the placenta/fetus.'” To

demonstrate the possibility of the prediction of PE by cell-
free RNA, the expression of seven genes, including Flt-1,
ENG and VEGF, was assessed in the plasma of pregnant
women between 15 and 20 weeks of gestation. Tt was found
that this panel allowed an 84% prediction rate for PE with
a 5% false positive rate at 15-20 weeks of gestation by
means of a discriminant analysis model. This finding indi-
cates that the analysis of cell-free RNA is a highly promis-
ing method for the evaluation of alterations in placental
function.*

The expression of placenta-specific genes, such as human
placental lactogen (hPL) and human chorionic gonadotro-
phin (hCG), has also been shown to be detectable in the
cellular component of maternal blood, and the mRNA con-
centrations of hPL and hCG correlate with the protein
assay.'” Furthermore, the cellular mRNA concentration is
approximately ten times greater than that of maternal
plasma RNA." These findings indicate that some tropho-
blasts and placental debris circulate in the blood of normal
pregnant women, and that the analysis of the cellular com-
ponent of maternal blood may be more suitable than
maternal plasma analysis for the evaluation of alterations
in placental function. Therefore, because the gene expres-
ston of anti-angiogenic factors and anti-oxidant enzymes is
associated with the pathogenesis of PE, the cellular RNA
expression in the blood from asymptomatic pregnant
women during the early second trimester was analysed to
compare the mRNA levels with the clinical outcomes.

Materials and methods

Subjects

This investigation was performed as part of a series
together with previously reported studies.'”?* The investi-
gation was designed as a prospective cohort study in early
pregnant women (gestational weeks 15-20) who visited the
Department of Obstetrics and Gynaecology, University of
Indonesia, Cipto Mangunkusumo National Hospital, Indo-
nesia from mid-2005 to 2006. Singleton pregnant women
without any pre-existing medical diseases at screening or
antenatal complications at the time of blood drawing were
invited to participate in the cohort. The pregnancies were
dated by ultrasound, which was performed during the first
trimester. All women provided informed consent to partici-
pate in the study, which was approved by the Research
Ethics Committee of both the University of Indonesia and
Showa University.

Of the 683 women enrolled, 23 with incomplete infor-
mation on outcome, whose pregnancy ended before
20 weeks or who experienced stillbirth were excluded.
Among the remaining 660 women, 62 developed PE. Each
case was matched with five controls of the same gestational
age at the time of blood testing (within 1 week and ranging

2 © 2010 The Authors Journal compifation @ RCOG 2010 BJOG An International Journal of Obstetrics and Gynaecology

— 102 —



Cellular mRNA in maternal blood can predict the onset of pre-eclampsia

from 15 to 20 weeks), maternal weight and fetal gender.
Therefore, 62 women who developed PE and 310 controls
with a normal course of pregnancy were enrolled in the
study. In the control group, women with fetal growth
restriction (below —1.5 SD) based on the Japanese fetal
growth curve (http://www.jsum.or.jp/committee/diagnostic/
diagnostic) were excluded. No special management or
treatment other than antenatal care was provided before
the clinical signs of PE presented. If abnormalities of blood
pressure and/or proteinuria were found, women were rec-
ommended to admit themselves to hospital.

Mild and severe PE and haemolysis, elevated liver
enzymes and low platelets (HELLP) syndrome was defined
as described previously.®?* In brief, PE was defined as ges-
tational hypertension (systolic pressure of >140 mmHg or
diastolic blood pressure of 290 mmHg on two or more
occasions after gestational week 20) with proteinuria
(20.3 g/day). Severe PE was defined by the presence of one
or more of the following: (i) severe gestational hyperten-
sion (systolic pressure of 2160 mmHg or diastolic blood
pressure of 2110 mmHg on two or more occasions after
gestational week 20); or (ii) severe proteinuria (25 g pro-
tein in a 24-hour urine specimen or 23 g in two random
urine samples collected 24 hours apart).

Processing of blood samples }

Peripheral blood samples (2.5 ml) were collected in PAXgene
blood RNA tubes (PreAnalytic, Hombrechtikon, Switzer-
land) and kept at room temperature for 3 hours, and then
stored at ~20°C until transport to Japan at —20°C. Molecular
analysis was performed at the Department of Obstetrics and
Gynecology, Showa University School of Medicine, Tokyo,
Japan. RNA extraction was performed according to protocols
described elsewhere.” In brief, cellular component samples
were centrifuged twice at 4000 g for 10 minutes at room
temperature in order to remove the entire supernatant and
any mRNA present in residual plasma. The pellet was then
washed, resuspended and incubated in optimised buffer
solution containing proteinase K to digest protein. A second
round of centrifugation was performed to remove any resid-
ual cell debris, and the resulting supernatant was transferred
to a fresh microcentrifuge tube. Thereafter, 100% ethanol
was added to the supernatant to adjust the binding condi-
tions, and the resultant lysate was then applied to a PAXgene
spin column (PreAnalytiX; PreAnalytic), resulting in selec-
tive binding of RNA to the silica-gel membrane of the spin
column. After the column had been washed three times, pure
RNA was eluted in 80 ul of RNase-free water.

Real-time quantitative reverse transcription
polymerase chain reaction (RT-PCR)

Reverse transcription of mRNA was performed using an
Omniscript RT Kit (Qiagen, Hilden, Germany). Real-time

quantitative PCR was then performed using a QuantiTect
Probe PCR Kit (Qiagen). RT-PCR was performed accord-
ing to the manufacturer’s instructions. ¢cDNA products
were amplified by real-time guantitative PCR according to
the manufacturer’s instructions (QuantiTect Probe PCR
kit, Qiagen) using a 2-ul aliquot of ¢cDNA and the kit’s
components in a reaction volume of 20 ul. TagMan PCR
analyses for VEGEF, Flt-1, ENG, PIGE, TGFf1, P-selectin,
placenta specific-1 (PLACT), HO-1 and SOD were per-
formed using predeveloped and commercially available
primers and probe sets (Cat # Hs00900054_m1l for VEGF,
Cat # Hs01052936_m! tor Flt-1, Cat # Hs00923997_g!1 for
ENG, Cat # Hs00182176_ml for PIGF, Cat #
Hs0000171257_m1 for TGEf1, Cat # Hs00174583_m1 for
P-selectin, TagMan Probes for PLAC! gene have been
described previm.xsly,21 Cat # Hs00157965_m1 for HO-1
and Cat# Hs00166575_m1 for SOD; Applied Biosystems,
Foster City, CA, USA). The thermal cycling protocol used
for PCR was as follows: initial denaturation at 95°C for
15 minutes, 40 cycles of denaturation at 94°C for 15 sec-
onds and annealing at 60°C for 1 minute. Initially, each
PCR assay was confirmed to be specific to mRNA and not
to genomic DNA. Amplification data were collected and
analysed with an ABI Prism 7900T Sequence Detector
(Applied Biosystems). Each sample was analysed in dupli-
cate, and multiple negative water blanks were included in
every analysis. Quantification of gene expression was per-
formed by investigators blind to the outcome of the preg-
nancy. The amounts of mRNA samples were expressed in
term of copies per millilitre by the method reported else-
where.*

Statistical analysis

The distributions of the demographic characteristics and
logarithmic mRNA concentrations were analysed after con-
version to multiples of the median (MoMs). MoMs were
also adjusted for the body mass index {(BMI). Median val-
ues were stratified retrospectively according to the severity
of PE and the development of HELLP syndrome. The non-
parametric analysis of variance (Kruskal-Wallis test) and
Dunn post hoc test were used for comparisons among and
between groups. The sensitivity and 1 — specificity rate
(false positive rate) were calculated for each available mar-
ker using a univariate receiver operating characteristic
(ROC) curve. A multivariate analysis was performed using
logistic regression to calculate the odds for each woman for
classification as a case. The logistic output was adjusted for
the incidence of PE in the general population (2%) by cal-
culation of the sampling fraction, as described by Collett.”
Finally, a ROC curve for the calculation of multivariate
sensitivity was built using, as the test variable, the calcu-
lated odds for PE by a logistic regression analysis for each
woman in the series.
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Results

The demographics of the pregnant women from the control
and PE groups are shown in Table 1. Although no differ-
ences were observed in the maternal age, BMI, gestational

age at blood drawing and blood pressure at the time of

blood drawing between groups, significant differences were
noted in birth weight and gestational age at delivery, and
these findings were consistent with those reported in the
existing literature.

The values of the available markers are reported in Fig-
ure 1A-G. The mRNA expression levels of Flt-1, ENG,
P-selectin and PLACT were higher in the PE group than in
the controls, but those of PIGF and HO-1 were lower.
TGEfSL, VEGF and SOD did not reach a significant value
in the comparison of PE cases versus controls (Kruskal-
Wallis test), and were therefore excluded from any further
analysis. For all the other markers, a significant difference
was found in the comparisons of HELLP cases versus con-
trols and, for some, including Flt-1, ENG and PIGF, a sig-
nificant difference was found for any generated subgroup
(mild PE, severe PE, HELLP) according with the severity
(Dunn post loc test). A univariate analysis identified Flti-1
and ENG as markers with the highest sensitivity. Table 2
reports the output of the ROC curve analysis for those

markers with a significant difference in PE cases versus
controls, together with the actual MoMs for each marker
associated with the given sensitivity. The best multivariate
model was obtained by combining Fle-1, ENG, PIGEF and
parity (Table 3). Only the final model is presented, which
was obtained by stepwise logistic regression. After adjusting
for the incidence of PE {2% or 1:50), the mean quoted
odds (obtained by solving the logistic equation having the
odds as a dependent variable for each of the subjects in the
study) for PE was 1:50 (0.02) for controls and 1:7 (0.14)
for women who developed PE. A ROC curve obtained
using the estimated score for PE as the test variable yielded
a sensitivity of 66% at a 10% 1 — specificity rate with an
area under the curve of 0.884 (0.844-0.922, 95% CI;
P < 0.001: Figure 2), and therefore with a reasonable dis-
crimination to identify cases. Again, sensitivity and the
odds for each woman for classification as PE were corre-
lated with the severity (sensitivity of 50% for mild PE. 70%
tor severe PE and 75% for HELLP; odds of 1:12 for mild
PE and 1:5 for both severe PE and HELLP).

Discussion

The present study examined prospectively mRNA expression
in the cellular component of maternal blood samples from

Table 1. Demographic characteristics. Data are expressed as the median {minimum-maximum)

- Severe PE(n = 24)

Controls {n = 310} Mild PE (n = 26) HELLP (n=12).  Pvaluet**
% Nulliparous 59.8 LG54 875 CgRF s s T 0p8Res
Maternal age (years) 28 (15-43) .32 (20-40) 27.5 (19-42) L 245(20-38)y . - 0065
GA at blood test (weeks) 17 (15-20) 18 (15-20) 16 (15:18) - 5052208 0 0479
/BM at blood test. 2294 (13.79-34.22) 2493 (1931-33.33) ' 21.93(17.42:2948)  21:71(18:39:3030) 0150
SBP (mmHg) at blood test 110 (90-130) 110:(90=125) 100 {90-120) 100 (90-130) 0,388
DBP {mimHg) at blood test 70 (60-85) .. 70 (60-85) 70 (60-80)- = o . . 70(60-88). - - 0625
Birth weight (@) 3195 (2600-4080) 2775.(1900-3920) 2500 (21003900} ..2400{1800-3130): .. - <0.0012**
Birth weight centiles 50 (14-94) - 22:(1.5-92) 16.(15-85) . 7 T 40090y L <0001
GA at delivery (weeks) 38 (37-41) 37 (33-40)

373430y 363240 <0001

*Chi-squared test.
**Kruskall-Wallis and Dunn test.
Significant comparisons. ***control versus severe PE and HELLP.

-BMI, ‘body mass index; DBP, diastolic blood: pressure; GA,. gestational age; HELLP, haemoiysss elevated iver enzymes “and Iow platelets PE,

pre-eclampsia; SBP, systolic blood pressure.

Figure 1. (A-) Box-and-whisker plots of the distribution of vascular endothelial growth factor receptor-1 (Fit-1) (A), endoglin (B), vascular
endothelial growth factor (VEGF) (C), transforming growth factor-fi1 (TGFf31) (D), haem oxygenase-1 (HO-1) (E), placental growth factor (PIGF) (F),
superoxide dismutase (SOD) (G), P -selectin (H) and placenta specific-1 (PLACH () mRNA levels in controls and women with pre-eclampsia, stratified
in accordance with the severity of pre-eclampsia {mild and severe pre-eclampsia, and haemolyss, elevated liver enzymes, low platelet (HELLP)
syndrome]. The medians are indicated by a line inside each box, and the 75th and 25th percentiles by the box limits; the upper and lower bars
represent the 10th and 90th percentiles, respectively. The y-axes represent multiples of the median (MoMs) of each gene expression. Asterisks (*)
indicate all specimens above or below the 90th or 10th percentile specimens. CT, control, HELLP, HELLP syndrome; mild, mild pre-eclampsia; severe,

severe pre—edampsta
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women at gestational weeks 15-20. The study assessed nine
species of gene expression associated with angiogenesis and
oxidative stress, which coded for factors thought to be
important in the pathogenesis of PE. The mRNA levels were
compared with the clinical outcomes. As a result, the mRNA
expression levels of ENG, Flt-1, P-selectin and PLAC1 were
found to be significantly higher in the PE group than in the
controls, whereas PIGF and HO-1 levels were lower in the
PE group. The blood samples were obtained at an average of
17 weeks, which is almost 20 weeks before the onset of PE.
At this gestational age, the mRNA expression of anti-angio-
genic factors and anti-oxidants is already altered in pregnant
women who subsequently develop PE. These factors play a
crucial role in the pathogenesis of PE, and the analysis of
cellular components of maternal blood for these transcripts
may allow for the prediction of PE.

Although many tests have been proposed for the predic-
tion of PE, the results have been inconsistent and contra-
dictory.®** The present study has demonstrated that a
panel of cellular RNA markers quantified long before clini-
cal onset predicts PE occurrence with a degree of accuracy
0.75 ' comparable with previous reports, including uterine artery
Doppler velocimetry with or without demographic and bio-
chemical parameters.”® The univariate analysis showed Flt-1
0.50 and ENG to be the markers with the highest sensitivity.
The best multivariate model was obtained by combining
Flt-1, ENG, PIGF and parity. The ROC curve yielded a sen-
0.25 sitivity of 66% at a 10% 1 — specificity rate with an area
under the curve of 0.884. These results indicate that cellular
RNA in maternal blood can be used to assess the patho-
physiological alterations which occur in pregnant women
who later develop PE.

The cell-free RNA in maternal plasma was assessed in a
previous study. The expression of seven transcripts was
assessed in the plasma of pregnant women at gestational

1.00

Sensitivity

0.00 0.25 0.50 0.75 1.00
1 - Specificity

Figure 2. Recever operating charactenstic (ROC) curve obtained by
plotting the values of the estimated odds for pre-eclampsia. A
multivariate model consisting of endoglin (ENG), vascular endothelial

. 20 ] e
growth factor receptor-1 (Flt-1), placental growth factor (PIGF) and weeks 15-20." The target genes were Flt-1, ENG, VEGF,
parity was used to generate the ROC curve plasminogen activator inhibitor-1 (PAI-1), tissue-type
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plasminogen activator (tPA), PLACI and P-selectin. In the
statistical univariate analysis, Flt-1 showed the highest
degree of discrimination, followed by ENG, PAI-1, P-selec-
tin, tPA, VEGF and PLACI. The best multivariate model
was obtained by the combination of all markers. A ROC
curve yielded a sensitivity of 84% (95% CI, 71.8-91.5) at a
5% 1 - specificity rate with an area under the curve of
0.927 (P < 0.001).°° 1t has been suggested previously that
cellular RNA analysis is not as useful as plasma RNA analy-
sis."” In our previous study of the hPL gene, the coefficient
of variation of our cellular RNA analysis was approximately
20%; it was not calculated in the current study and this is
a significant limitation of this study.'” However, as cellular
RNA can be preserved in the PAXgene blood RNA tube,
we have confirmed that the RNA is stable below —20°C at
least for 1 year. Moreover, the blood pracessing of cellular
RNA is much easier than that of plasma RNA. In addition,
the expression levels of hPL and hCG are approximately
ten times higher than those in plasma RNA.'” Therefore,
we suggest that the analysis of plasma cellular RNA is a
promising method for the evaluation of the pathophysio-
logical alterations occurring in pregnant women who later
develop PE. In both the previous cell-free RNA study and
the present cellular RNA study, the levels of Flt-1 and ENG
were two of the best predictors for PE. This indicates that
these anti-angiogenic factors play a crucial role in the path-
ogenesis of PE.

The origin of the cellular RNA seen in maternal blood
has not been resolved. In our previous study, hPL and
hCG expression levels in the cellular components of mater-
nal blood correlated with the corresponding protein lev-
els,'™** This finding suggests that some trophoblasts or
placental debris circulate in maternal blood. The half-times
of hPL expression in cellular and plasma RNA were 203.8
and 32.2 minutes, respectively. Therefore, the half-time of
cellular RNA is much longer than that of plasma RNA, and
cellular RNA is not removed from the maternal circulation
rapidly after delivery. The RNA originating from circulating
trophoblasts in maternal blood could be detected for sev-
eral months, as fetal nucleated erythrocytes reportedly cir-
culate in maternal blood for 3 months after delivery.”’
These findings suggest that the levels of trophoblast-derived
RNA in the cellular RNA in maternal blood could reflect
the pathophysiological alterations of the placenta. However,
real-time evaluation of placental function through cellular
RNA may be inferior to the evaluation of cell-free RNA.

Another study assessed the mRNA expression of tropho-
blasts obtained from CVS at week 11. The expression levels
of Flt-1, ENG and VEGF in CVS tissue obtained from
pregnant women who later developed PE were higher, and
those of PIGF and HO-1 were lower, than those of normal
pregnancies.'® These findings indicate that the up-regula-
tion of anti-angiogenic factors and the down-regulation of

anti-oxidant factors have already occurred in first-trimester
trophablasts,”” and that the alterations could be evaluated
by the analysis of cellular RNA. All of these findings sup-
port the hypothesis that some mRNA expression of Fit-1,
ENG, PIGE, VEGF and HO-1 is derived from circulating
trophoblasts, and that the alteration of these mRNA levels
may reflect mRNA alterations associated with the patho-
genesis of PE in the placenta. Therefore, it is suggested that
the evaluation of cellular mRNA may allow for the indirect
monitoring of placental function.

In this study, PE occurred in 9% of pregnant women, a
higher frequency than seen in the published literature. No
previous large studies have clarified the prevalence of PE in
Indonesian populations, and this higher prevalence could
confound the result. Furthermore, because the case number
of gestational hypertension or early-onset-type PE was not
sufficient for statistical analysis, women with hypertension
in pregnancy were excluded and those with early-onset PE
were not analysed separately. Further study in more devel-
oped countries is needed to confirm the predictive effi-
ciency of cellular RNA in maternal blood.

In conclusion, the current study has demonstrated that
Flt-1 and ENG expression increases in the cellular RNA in
the blood from pregnant women who develop PE, whereas
HO-1 and PIGF expression decreases. These alterations
increase with the severity of the clinical symptoms of PE at
later gestation. Furthermore, an analysis of the expression
of these transcripts allows the accurate detection of high-
risk pregnant women who are likely to develop PE in pop-
ulations at low risk for the development of PE.
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Prediction of preeclampsia by analysis of cell-free
messenger RNA in maternal plasma

Yuditiya Purwosunu, MD; Akihiko Sekizawa, PhD; Shiho Okazaki, PhD; Antonio Farina, PhD; Noroyono Wibowo, PhD;
Masamitsu Nakamura, MD; Nicola Rizzo, PhD; Hiroshi Saito, PhD; Takashi Okai, PhD

OBJECTIVE: The purpose of this study was to predict the occurrence of
preeclampsia in a series of patients at gestational week 15-20 weeks,
with the use of a panel of messenger RNA markers.

STUDY DESIGN: Data from 62 patients with preeclampsia who were
asymptomatic at the time of blood testing and 310 control subjects were
analyzed. Multivariable analysis was performed with discriminant analysis.

RESULTS: Univariable analysis identified vascular endothelial growth
factor receptor 1 as the marker with the highest detection rate; placenta-
specific 1 with the lowest. Mean estimated score for preeclampsia was
9.4 for control subjects and 72.5 for subjects who experienced pre-

eclampsia. A receiver operating characteristic curve that was obtained
with the estimated score for preeclampsia as a test variable yielded a
detection rate of 84% (95% C1, 71.8-91.5) at a 5% false-positive rate
with an area under the curve of 0.927 (P < .001). Again. detection rate
and score for each patient for classification as preeclamptic correlated
with severity.

CONGLUSION: A panel of messenger RNA is able to detect subjects
who will experience preeclampsia.

Key words: celi-free mRNA, endoglin, prediction, preeclampsia,
plasma RNA, VEGF
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P reeclampsia arises as a complication
in 3-7% of pregnancies and remains
I of the main causes of maternal and fetal
death and morbidity. Because pre-
eclampsia is known to have a long pre-
clinical phase before clinically manifest-
ing in later gestation, clinical prediction
offers the possibility of redirecting ma-
ternal and prenatal care in high-risk
pregnancies.'

Analogous to the discovery of circulat-
ing RNA in the plasma of patients with
cancer, the discovery of circulating fetal/

placental RNA in maternal plasma has
enabled the development of several
promising approaches for noninvasive
evaluation of placental function.™ We
quantified messenger RNA (mRNA) ex-
pressions of human chorionic gonado-
tropin and human placental lactogen in
maternal plasma.* The mRNA levels of
human chorionic gonadotropin and hu-
man placental lactogen were correlated
with the corresponding protein concen-
trations.! Evaluation of placental mRNA
levels in maternal plasma therefore may
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allow indirect monitoring of placental
function. Ng et al® recently demon-
strated increased plasma concentrations
of corticotrophin-releasing hormone
(CRH) mRNA among pregnant women
with preeclampsia. Farina et al® reported
that plasma CRH mRNA correlates with
clinical severity of preeclampsia.

To identify candidate genes for
which mRNA expression in maternal
plasma reflects placental gene expres-
sions (including pathophysiologic al-
terations in preeclampsia), we con-
ducted a microarray analysis of villous
trophoblasts.” We then selected several
target genes that are produced mainly
by the placenta and that show in-
creased protein concentrations in pa-
tients with preeclampsia. Based on the
result, mRNA levels of plasminogen
activator inhibitor-1 (SERPINEL), tis-
sue-type plasminogen activator (PLAT),
vascular endothelial growth factor
(VEGFA), VEGFA receptor | (FLT1),
endoglin, placenta-specific 1 (PLAC1)
and selectin P (SELP) were assessed in
the plasma of women with and without
preeclampsia.®"'® Expressions of all 8
genes were found to be increased in the
plasma of patients with preeclampsia. All
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at enrolment andch acteristics of the ”
Women with

Control subjects  preeclampsia
Characteristic {n = 310)° (n = 62) Pvalue®
Women
Age (y° 27.90 = 537 2890 = 565 278
Helght (cm) 154 + 5.89 155 = 6.42 .328
Wetght {kg)® 55.58 = 9.17 56.71 = 9.58 557
Body mass index®® 27.37 =~ 3.45 2351 + 3.75 180
Systollc blood pressure (mm Hg)® 105 + 9.6 106 + 10.6 479
Diastolic blood pressure (mm Hg)* 69 + 7.1 69 + 75 933
anlgrawda (n) 268 (86.4%) 19 (30.6%) <.0002
Gestatlonal age at enrolment (wk)® 17.3+23 173+ 22 977
Current smoker (%) 0.9 3.2 .164
Previous hypertension (%) 1.4 3.2 283
Previous preeclampsia (%) 1.4 0 1T
Prevmus preterm delivery (%) 1.1 0 1
Previous fetal growth restriction (%) 0.9 1.6 .476‘”

by the sguare of height in meters.

 Enrolment in this study was at gestational week 15-20. Probability values are given only for significant differences in
comparison with control subjects; ® Women with no preexisting medical diseases or antenatal complications were the
cantrol subjects; © Student {test o x? test: @ Data are given as mean = SD: © Body mass index: weight in kilegrams divided
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expressions correlated positively with
disease severity. An additional study of
postpartum samples found that all ex-
pressions decreased rapidly after deliv-
ery, which indicates that most of these
transcripts were derived from the pla-
centa/fetus.>'*  Furthermore, these
findings also raised the question of
whether those cell-free mRNAs have
any significance or role in the develop-
ment of preeclampsia and indicate
pathologic alterations of the placenta
1n early pregnancy. No previous stud-
ies have explored cell-free mRNA
concentrations in early gestation of
pregnant women who subsequently
experienced preeclampsia. In the
present study, we quantified these
mRNA expressions of placenta-de-
rived genes in maternal plasma from
women at gestational weeks 15-20 who
were asymptomatic at the time of
blood testing and assessed the possibil-
ity of predicting preeclampsia.

MATERIALS AND METHODS
Subjects
The study was designed as a prospective
cohort study in early pregnant women
(gestational weeks 15-20) who visited the
Department of Obstetrics and Gynaeco-
logy, University of Indonesia, at Cipto
Mangunkusumo National Hospital,
from mid 2005-2006. All women pro-
vided informed consent to participate in
the study that was approved by the Insti-
tutional Research Ethics Commiittee.
Of the 683 women who were enrolled,
we excluded 23 women who had incom-
plete information about outcome, whose
pregnancy ended at << 20 weeks, or who
experienced stillbirth. Among the re-
maining 660 women, 62 women experi-
enced preeclampsia. Each case was
matched with 5 control subjects for the
same gestational age at the time of blood
testing, maternal weight, and fetal gen-
der. We therefore enrolled 62 women
who experienced preeclampsia and 310

control subjects with a normal course of
pregnancy. We did not do any special
management or treatment other than
antenatal care and before clinical sign of
preeclampsia. If abnormalities of blood
pressure and/or proteinuria were found,
the patients were recommended to be
admitted to the hospital.

Mild and severe preeclampsia and he-
molysis, elevated liver enzymes, and low
platelets (HELLP) syndrome were de-
fined as described in a previous report."!
In brief, preeclampsia was defined as ges-
tational hypertension (systolic pressure
> 140 mm Hg or diastolic blood pres-
sure > 90 mm Hg on = 2 occasions after
gestational week 20) with proteinuria (>
0.3 g/d). Severe preeclampsia was defined
by the presence of = 1 of the following
occurrences: (1) severe gestational hy-
pertension (systolic pressure > 160 mm
Hg or diastolic blood pressure > 110
mm Hg on =2 occasions after gesta-
tional week 20) or (2) severe proteinuria
(= 5 g protein in a 24-hour urine speci-
men or = 3 gin 2 random urine samples
that were collected = 4 hours apart). Fe-
tal growth restriction was defined as birth
weight of = 2.0 SD below the mean ex-
pected weight for gestational age. The

- control group included pregnant women

with no preexisting medical diseases or
antenatal complications.

RNA extraction and real-time
quantitative reverse transcription—
polymerase chain reaction (PCR)
Processing of blood samples has been de-
scribed previously.* In brief, 7-mL pe-
ripheral blood samples were collected in
EDTA-containing tubes and centrifuged
at 1600g for 10 minutes at 4°C twice. Mo-
lecular analysis was performed in the De-
partment of Obstetrics and Gynecology
at Showa University School of Medicine,
Tokyo, Japan. Total RNA was extracted
from 1.6 mL of harvested plasma. The
plasma was mixed with 2 mL of Trizol LS
reagent (Invitrogen, Carlsbad, CA) and
0.4 mL of chloroform. This mixture was
centrifuged at 12,000g for 15 minutes at
4°C, then the aqueous layer was trans-
ferred to new tubes. After 1 volume of
700 mL/L ethanol was added to 1 volume
of aqueous layer, the mixture was ap-
plied to a QIAamp MinElute Virus col-
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;charaeterisﬁcs oi patients ! with preaclamps;a (n 62) at later gestation and charactensﬂcs of thelr iﬂfaﬂtS?",' : f \
Mild preeclampsia Severe preeclampsia HELLP syndrome

Characteristic® (n = 26) (n = 24) (n =12)
Women
s Cwseni sis  msges
Body mass index®® 24.6(19.3-33.3) 219 (1“'7”74”"2'54) 21.7(18.4-30.3)
Systolic blood pressure (mm Hg)® 150 (130-160) 175(160-195)  185(160-180)
Diastolic blood pressure (mm Hg)® 90 (90-100)  115(110-195) 110(100-140)
Protemuna (g/24h) 0.75 (0.3- 6 4) ' 6 (5 0 8 2) 5 55 (3 8 9. 5)
anlgrawda (%) 8 (30.7%) 7(91%) 5 (41.6%)
et R Aot S
Birthweight (g) 2775 (1500-3290) 2475 (1740-3900) 2400 (1600-3130)
Gestational age at delivery (wk)” 37.45 (33-40) 37.2 (34-40)  364(38-40)
Small for gestational age, < 10th percentile (n) 8 (30.7%) 11 (45.8%) 7 (58.3%)
# Measurement on admission to the hospilal: © Values represent median (minimum-maximumy; © Body mass index: weight in kilograms awided oy tné' square of height in meters

[ Punvosune Prediction of preeclamipsia by analysis of cell-free messenger RNA in maternal plasma. Am J Obstet Gynecol 2009. )

umn (Qiagen, Hilden, Germany) and
processed according to the recommen-
dations of the manufacturer. Total RNA
was eluted with 20 uL of RNase-free wa-
ter and directly reverse-transcripted with
an Omniscript RT kit (Qiagen) in accor-
dance with the instructions of the man-
ufacturer, After this, complementary
DNA products were amplified by real-
time quantitative PCR according to the
manufacturer’s instructions (Quanti-
Tect Probe PCR kit; Qiagen) witha 2-uL

aliquot of complementary DNA and the

kit components in a reaction volume of

20 pL. TagMan PCR analyses for SER-
PINE1, PLAT, VEGFA, FLT1, endoglin,
PLAC!, and SELP were performed with
predeveloped and commercially avail-
able primers and probe sets (Cat #
Hs00167155_m1 for SERPINE1, Cat #
Hs00263492_m1 for PLAT, Cat #
Hs00900054_m1 for VEGFA, Cat #
Hs01052936_m1 for FLT1, Cat #

Hs00923997_gl for endoglin, and Cat #

” Womén with

MRNA species Control subjects preeclampsia

(Log10 scale)? (n = 310) (n =62 P value®
CPLAT 117 (0.42) 2.17 (0.52) <001

SERPINET 2.27 (0.39) 266057 <.001

FLT1 1.90 (0.32) 239032 "< 001

e 2% 027 e o

o e cwom oo

SELP 2.42 (0.69) 2.93 (0.85) 029

PLACT 3.52 (0.67) 394086 040

* Student / test.

Pawer ranged between 0.94 and 1 at a given type | error of 0.05.
 Exprassion levels of SERPINE1. PLAT. VEGFA, FLT1. endoglin. PLAGT, and SELP are expressed as copies per milliliter.

Gynecol 2009.

Purwasunu. Prediction of preeclampsia by analysis of cell-free messenger RNA in maternal plasma, Am ] Obstet

386.e3 American Journal of Qbstetrics & Gynecology APRIL 2009

- 111 —

Hs00174583_m1 for SELP; Applied Bio-
systems, Foster City, CA). Primers and
TagMan-probes for PLACI gene have
been described previously.'? 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 Detector (Applied Biosys-
tems). Each sample was analyzed in du-
plicate, and multiple negative water
blanks were included in every analysis.
The following thermal profile was used:
15 minutes of denaturation at 95°C, fol-
lowed by 15 seconds of annealing at 94°C
and 1 minute of extension at 60°C.
Quantification of gene expression was
performed with investigators who were
blinded to the outcome of pregnancy.
Amounts of mRNA samples were ex-
pressed in terms of copies per milliliter.
To quantify mRNA concentrations, we
prepared plasmid DNA for calibration
curves as previously described.'®

Statistical analysis

Power analysis was performed by means
of PASS statistical software (PASS, Rot-
terdam, The Netherlands). Distributions
of demographic characteristics and
mRNA concentrations were analyzed by
the Student # test and x2 test. Mean val-
ues of the variables of interest were strat-
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Mean (+=SD mRNA levels of A, SERPINET: B, PLAT); C, VEGFA: D, FLT1: E, endoglin; F, PLACT,
and G, SELP in control subjects and women with preeclampsia; the levels have been stratified in
accordance with the severity of preeclampsia (mild and severe preeclampsia and HELLP syndrome).
The double asterisks denote P <. 01 by Schefte post hoc test: the single asterisk denotes P < .05.
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ified retrospectively according to sever-
ity of preeclampsia and development of
HELLP syndrome. Analysis of variance
and relative Scheffe test were used for
comparisons. Detection rate and false-
positive rate were calculated for each
available marker with a univariable re-
ceiver operating characteristic (ROC)
curve, Discriminant analysis was used as
a multivariable tool with the purpose of
pulling together the detection rate of the
whole set of markers. Discriminant anal-
ysis is useful to build a predictive model
of group membership that was based on
observed characteristics for each case.
The procedure generates a discriminant
function that provides the best discrimi-
nation between groups (affected vs con-

trols) and is able to assign to each group
membership a mutually exclusive score
from 0-100 for belonging to the control
or affected group. Because discriminant
analysis needs a parametric distribution
of the markers, the data were converted
into Logl0 scale and analyzed by Kol-
mogorov-Smirnov and Shapiro tests. Fi-
nally, an ROC curve for the calculation
of multivariable detection rate was built
with the use of the calculated score of
preeclampsia for each patient in the
series.

REsuLTS
Table 1 shows the clinical characteristics
of the pregnant women from control and

preeclampsia groups. Preeclampsia oc-
curred in 62 of 683 patients (9%), which
isahigher frequency than that seen in the
published literature. Although no differ-
ences were observed in age, body mass
index, smoking status, gestational age at
blood drawing, and blood pressure and
proteinuria at the time of blood drawing
between groups, significant differences
were noted in birthweight, frequency of
fetal growth restriction, and gestational
age at delivery, which was consistent
with the existing literature.'*? Table 2
shows detailed background of pre-
eclampsia groups. Table 3 shows mean
values and relative comparisons for each
mRNA. All 7 kinds of mRNA expressions
were increased significantly in the pre-
eclampsia group. In the preeclampsia
group, 26 (41.9%), 24 (38.7%) and 12
(19.4%) cases showed mild preeclamp-
sia, severe preeclampsia, and HELLP
syndrome, respectively. Figure 1 shows
comparisons among control subjects,
mild and severe preeclampsia, and
HELLP syndrome. Almost all compari-
sons among groups revealed significant
differences at the probability value of <
.01. Al mRNAs showed a tendency to in-
crease according to preeclampsia sever-
ity. Only VEGFA and PLAC! did not
show any clear correlation with the se-
verity, although concentrations were
lower in control subjects than in subjects
with HELLP syndrome.

We evaluated the matrix of correlation
for patients with preeclampsia and iden-
tified SELP, PLAT, and SERPINE] as the
cluster of markers with the strongest as-
sociations (P < .01), followed by the
cluster of endoglin, VEGFA, and PLACI
(P < .05). Table 4 shows ROC outputs
for each marker. Univariable ROC
curves show FLT1 as the mRNA with the
highest degree of discrimination, fol-
lowed by endoglin, SERPINE1, SELP,
PLAT, VEGFA, and PLAC1. All markers
displayed very significant probability
values. Detection rate at 5% false-posi-
tive rate ranged between 17.7% and
58.0% (Table 4). When stratified accord-
ing to severity, the highest detection rate
was found for HELLP syndrome (Table
5). The power of the ROC curve was 83%
at a given type I error of 0.05.
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TABLE 4 o ' ‘
Output of umvanable ROB curve fer each avaﬂable marker and muitwanab!e Rﬂc cuve \
with the use of the discriminant score of the development of preeclampsia as a test variable

95% Gl for area . 95% Gl for
under the curve Detection rate detection rate (%)

Area under at 5% false- B e
Variable the curve SEM Pvalue Lower Upper positive rate (%) Lower Upper
FLT1 0. 846 0.032 <001 0.783 0 909 58. O 44.8 70.2
Endoglm 0 756 0.038 < .001 0.683 0 830 43 5 31.2 56.6
SERPINE1 0‘732 0 037 < .001 0.660 0 805 29 0 18.5 421
SELP 0.727 0 033 <..001 0.662 0792 24.2 145 37.0
PLAT O 686 0.042 < .00 0.604 0.768 33.9 22.6 47. 1
VEGFA 0 651 0.042 << .001 0.568 0.734 29.0 18 5 ' 42 1
PLAC1 O 645 0.040 <.001 0.567 0.723 17.7 9 6 29 9
Score 0 927 0.025 < .001 0.877 0.976 84.0 71.8 91 .5
o R, e
Null hypothesis. true area = 0.5
Purwosunu. Prediction of preeclanipsia by analysts of cell-free messenger RNA s maternal plnsmc‘:‘ Am ] Obstet Gynecol 2009,

.. &

In the multivariable model, degree of

correlation among markers was taken
into account. Mean estimated score for
preeclampsia (range, 0-100) was 9.4 for
control subjects and 72.5 for preeclamp-
sia cases, which demonstrates that this
multimarker model was able to assign a
very different score for preeclampsia in
those subjects who were destined to have
preeclampsia, compared with those who
remained control subjects for the entire
pregnancy. An ROC curve that was gen-
erated by the actual score for preeclamp-
sia that was calculated for each subject
vielded a global detection rate of 83.9%
and 88.7% at false-positive rates of 5%
and 10%, respectively, with an area un-

der the curve of 0.927 (P < .001; Figure
2). Finally, the score of each patient for
classification of preeclampsia was corre-
lated with severity. In fact, mean scores
were 56.3 for mild preeclampsia, 79.3 for
severe preeclampsia, and 93.7 for HELLP
syndrome.

COMMENT

The present study, as an extension of the
earlier study, prospectively examined
maternal blood samples from women at
gestational weeks 15-20. Because our
preliminary study showed that the
mRNA level of CRH was too low to
quantify in the early mid-trimester sam-

ples, we eliminated CRH quantification
in this study. We then assessed 7 kinds of
mRNA expressions and compared them
with clinical outcomes. Although stan-
dard deviations were large for each gene,
all of these mRNA expressions were in-
creased in the plasma from pregnant
women who experienced preeclampsia
later. The mRNA expression levels of
PLAT and SERPINE! were increased
8.9- and 8.0-fold in the preeclampsia
group. The results revealed that these
gene expressions are increased not only
in the third trimester but also in the early
second trimester. Because these cell-free
mRNA expressions in plasma were
cleared rapidly after delivery.*'® cell-

Pe

Tﬁﬁi‘é 5

Qutput of iﬁﬁtﬂvarfabie 'Rﬂc;cuw with the use of the dmﬁminant score of me devempment [
of preeclampsia as a test variable, aeezarding tothe seveﬁty of the preeclampsia- - :

95% Cl for area
under the curve

. 95% Cl for
Detection rate detection rate (%)

Area under at 5% false-
Variable the curve SEM Pvalue Lower Upper positive rate (%) Lower Upper
Mild preeclampsia 0.837 0.055 < .001 0.728 0.945 65.4 443 82.0
(n = 26)
Severe preeclampsm 0.989 0.005 < ,001 0.980 0.998 95.8 76.8 99.7
(n =24
HELLP Syndrome 0.997 0.004 < .001 0.991 1.000 100 69.8 100
n =12
Purwostini. Prediction of precclampsia by analysis of cell-free messenger RNA in maternal plasina. Ant [ Obstet Gynecol 2009.
S : -
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False Positive Rate (%)
Multivariable receiver operating characteristic
{ROC) curve that was obtained with the discrimi-
nant score as a test variable for the prediction of
preeclampsia.

Purwosunu. Prediction of preeclampsia by analysis of cell-
free messenger RNA in maternal plasma. Am J Obstet
Gynecol 2009,

free mRNA analyses allow the evaluation
of placental pathophysiologic alter-
ations. This approach thus could have
significant clinical value and should lead
to the development of real-time moni-
toring of placental function.
Furthermore, we assessed the possibil-
ity of prediction by analyzing these tran-
scripts in plasma. Although many tests
have been proposed for the prediction of
preeclampsia, results have been incon-
sistent and contradictory.'”"!” However,
in the present study, a panel of mRNAs
were dosed long before clinical onset
properly predicted preeclampsia occur-
rence with a degree of accuracy compa-
rable or substantially higher than that re-
ported for Deppler ultrasonography
with or without demographic and bio-
chemical parameters.'””> Univariable
analysis showed FLT1 as the marker with
the highest detection rate and PLAC1
with the lowest detection rate. The best
multivariable model was obtained by the
combination of all markers. An ROC
curve yielded a detection rate of 84% at
5% false-positive rate with an area under
the curve 0f 0.927 (P < .001). To the best
of our knowledge, this result offers the
best prediction of preeclampsia 1n low-
risk populations so far. Furthermore,
this study also observed that the score, as

generated by discriminant analysis of the
development of any form of preeclamp-
sia (mild, severe, or HELLP syndrome)
that was analyzed long before clinical on-
set, is proportional to the degree of sever-
ity that was observed later in pregnancy.
In fact, patients who had mild pre-
eclampsia had a mean score for pre-
eclampsia of 53, compared with 97.3 for
those who had HELLP syndrome.

In the previous study of plasma
mRNA from patients with preeclampsia,
SERPINEI and PLAT expressions were
the most closely correlated with disease
severity. However, the present study re-
vealed that the area under the curve was
highest for FLT1, followed by endoglin.
These findings suggest that antiangio-
genic factors such as FLT1 and endoglin
play more critical roles in the earlier
steps of preeclampsia development than
do SERPINE1 and PLAT, whereas SER-
PINEI1 and PLAT play important roles in
the final steps of clinical manifestations
of proteinuria and hypertension. FLT1
and endoglin recently have been re-
ported to play important roles in the
pathophysiologic condition of pre-
eclampsia.'® Protein concentrations of
FLT1 and endoglin in plasma are in-
creased before the onset of preeclampsia
and correlate with disease severity.'®'’
Overexpression of FLT! in pregnant
rats results in a preeclampsia-like phe-
notype. Overexpression of soluble en-
doglin in rodents by means of adeno-
viral vectors also leads to increased
vascular permeability and induction of
modest hypertension without signifi-
cant proteinuria.'®'® Furthermore,
adenoviral-mediated overexpression
of both FLT1 and endoglin causes se-
vere vascular damage, nephrotic-range
proteinuria, severe hypertension, and a
syndrome similar to HELLP syn-
drome.? These reports have indicated
that FLT1 and endoglin from the pla-
centa induce severe maternal endothe-
lial dysfunction. This is concordant
with the present finding that FLT1 and
endoglin are likely to offer the best pre-
dictors among genes that are derived
from the placenta. FLT1 and endoglin
are suggested as the main factors that
cause preeclampsia at gestational
weeks 15-20; expressions in the pla-

centa can be evaluated through the
analysis of cell-free mRNA in plasma
from pregnant women.

Although the reason that those mRNA
expressions increased cannot be ex-
plained in this article, the increased
mRNA expression may reflected mRNA
alterations that are associated with the
pathogenesis of preeclampsia in the pla-
centa. Evaluation of cell-free mnRNA may
allow indirect monitoring of placental
function.* Further research of other pla-
cental mRNA expression to resolve the
mechanism that regulates the tropho-
blasts during early gestation may eluci-
date the pathogenesis of preeclampsia.
Several other hypotheses that are related
to increased plasma RNA have been re-
ported,” but the exact mechanism that
produces the increase of those mRNA
expressions in maternal plasma requires
further investigation.

In view of stability of mRNA in maternal
plasma, Ng et al” have shown that placental
mRNAsare very stable in maternal plasma.
This stability may suggest the practicality
of the mRNA marker 1n maternal plasma
for clinical use. In this study, preeclampsia
occurred in 9% of patients, which is a
higher frequency than seen in the pub-
lished literature. No previous large studies
have clarified the prevalence of preeclamp-
sia in Indonesia populations; this higher
prevalence could confound the result. Fur-
thermore, because the case number of ges-
tational hypertension or early onset type
preeclampsia is not enough to analyze sta-
tistically, we did not include patients of
with hypertension in pregnancy and did
not analyze those patients with early onset
of preeclampsia separately.

In conclusion, we demonstrated that
mRNA expression levels of FLT1, VEGFA,
endoglin, PLAT, SERPINEL, PLACI, and
SELP are increased in plasma from preg-
nant women at gestational weeks 15-20
who subsequently experience preeclamp-
sia and that alterations in placental func-
tion can be evaluated through analyses of
plasma mRNA in pregnant women at early
gestation. Furthermore, in populations
that are at low risk of preeclampsia, a panel
of these mRNA expressions allows accu-
rate detection of high-risk pregnant
women who are likely to expenence
preeclampsia. |
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