Tk 22 FERAGBRFEHERENE ERBRE - BERASEEEERNRBEHREY
DHEMEREE

SRR SRR
BT FREREZ B - RO RS

MRSEE RAREF EURFERE. Y —HEMRBEEIHEEZER

MREE

VEIRRF DREFERER & 4 20~45 FROLMORYER T4 L OBELZA LT 5720, FK 15
B O 1T FZhT THRTFICIBELREERt - ¥ —ER &2 LHE LZEHEO 5 b4
adR— MEE (KB aF— ) ML, ER2BFE 1 ARETICS RIRBZ2Z - ROBH L
ZOBE (ROMEE) [CHOWTEBFFENLHBONHFEHREMNT L-, ZORE, ERHICE0E
ThotcH () HRELELELZFRL LT\, £, ERFOIMEHMEL ~ABnEWE
. BWELHEARTELELZRR L T54 Y AW 4.9, BERER (BRE/&LE/&IS0E/ O

EB/MmERE) 28RL T4y AN EENTENHLMME 2T,

et A&

MHEEF (EXREFEEBRE ¥ — B
ERZHEE B SWwAE)

MEET (EMREERR YL ¥ — B
ERDET HE)

FHIE (BREERFEE 2 —
FHFFEE)

REE

A. BIEEE®

FIREV D A N2 NIkt E > T, AE
DARBBRORE L EZ O D, HRPIZLE
o ML EAE R BEC TR RIE . ARIEIRA, B
PE. BT 2L AT 2 L RRIZBNT
B HEPELE, BRELE0F LT <
HEW TR O MERBAERIE LTV I L2
HTEHBALMNZERSDOH B, —F. BNE
Tk, INH2AHFLELEDS S BEEK
B, MoV EmERE. FERA, IBE
REMEFELREL., S HIIT0REBMMIM
EREICRBL TV ZENBEDRCTRR
INTVBENR, ZRIZHALMIZ SN T W,

iRAREAE L) Juydrsia s -
YAV NVDOREL, ZO®ROEIEPHHEA
Hl - ZEHOREREL OREMELH LI
T5ZEid, AMORERE L kitRoge
BFREEZDRILSKITOEDIZEELEEZON
Do

FIT, Y4 — Tk - s EEIN
TR ORE E xR, F R AR R
MEEOTF— 4 2AWT, HEPOME. &
AR, B, HEREOEE, KEEL
7 EOITIRIEOREW LK 20~45 FEk Otk
DRMBFET% L OEELHA LTS, [
B, im0k E R S TR L.
BIBOHARE TOBEE LA L MITT 5,

B. B HE
1. X%

FK 15 0 5T 17 S0 TR
BESKBEFEE ¥ —ER2S2Z LHEL
RO S HbHAE R — MR (KE 2R —
Mzl FR23F1 AKE TIC5RA
BEZEZ-ROBHR L ORHE,




2. &k

BBz W TIRET I TR, BEOR
# (ROEE) (oW TEHRBE2R— T —
Z C AN ER TR L TWEORTFIR
B, 72k, HRToORMES 20 BLRZ
#EMJE 140mmHg 723558 M+ 90mmHg
b EEZELE, BERICOWTT, RS
FRLACXHIL T D,

C. BFoERER
1. Foab&EEt

5ERZEBME D 748 475 R F TR @

DEWERH -T2, R LICAFERBIZENEN
BERR L TV DA £ L, TR 23 1
A 31 BERR T, RO FEFERKIL 68.0 K. B
HOVYFERHILIIRTH D,

£1 ERHORERE

#£2 BEOHEBOFK (n=748)

i-% - %
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HEF B8
Mean (SD) | Mean (SD)
DTIRFEEE (yr) 28.2 (3.6) 34.0 (3.9)
TERRIBRE (w) 39.4 (1.9) 38.7 (1.8)
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1931 Q2 Q3 Q4
SBP 91.6-108 108-114.1 114.1-120.3 120.3-141.5
n 55 55 49 53
HH PE R 4l 28.71+34 276+30 28.1+4.5 27634
BRENEEK (B 68357 672+43 67.3+6.2 66.5t4.6
REEOER (B#H) 395+4.7 395+34 39.4+4.1 39.0+3.7
SBP 103+3.7 1109+ 1.7 117.2*+1.8 1259+5.3
DBP 60.2+6.8 629%6.3 65.816.2 71.3* 6.6
TENE B 39.2+24 395+18 394+18 395+14
AR A E 3198.6+3294 3209+439.7 3121.1+422.2 3127.8+346.1
HAERS R 50.01.7 500+2.1 492+18 49.6+2.0
HH A B R G 329+18 328+15 326+15 324+13
HY 4= B IR B 334%+13 33.6+2.1 331+14 329+1.3
WE IR % 0(0) 2(22.2) 3(33.3) 4(44.4)
% i £ 6 (16.7) 10 (27.8) 6 (16.7) 14 (38.9)
&g fLAE 2{20.0) 3(30.0) 3(30.0) 2(20.0)
LB 0(0) 3(42.9) 2 (28.6) 2 (28.6)
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BHE A 8(154) 17 (32.7) 10 (19.2) 17 (32.7)
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DBP 54.8+3.7 62.3+1.5 674115 74.6 3.6
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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
women.

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 each woman to be classified as a case.

Results The univariate ROC analysis identified soluble vascular
endothelial growth factor receptor-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
factor (PIGF) and parity. The relative ROC curve yielded a
sensitivity of 66% at a 10% 1 — specificity rate with an area 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 VEGF 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 1s unknown, it
has been suggested that hypoxia or oxidative stress of
trophoblasts 1s 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. 13
Furthermore, PE is associated with diminished placental
HO-1 levels."* Moreover, the adenoviral overexpression of
HO-1 inhibits soluble ENG release in placental 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-B1 (TGFB1) 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. It 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-
sion 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
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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 2140 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 >4 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 quantitative 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 VEGF, Flt-1, ENG, PIGF, TGFp1, P-selectin,
placenta specific-1 (PLAC1), HO-1 and SOD were per-
formed using predeveloped and commercially available
primers and probe sets (Cat # Hs00900054_m1 for VEGF,
Cat # Hs01052936_m1 for Flt-1, Cat # Hs00923997_gl for
ENG, Cat # Hs00182176_ml for PIGF, Cat #
Hs0000171257_m1 for TGFp1, Cat # Hs00174583_ml for
P-selectin, TagMan Probes for PLACI gene have been
described previously,' Cat # Hs00157965_ml for HO-1
and Cat# Hs00166575_ml 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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