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Background: Increased fetal DNA in maternal plasma/
serum has been reported in pregnancies complicated by
preeclampsia. We hypothesize that fetal RNA may also
be increased in maternal plasma in preeclampsia.
Methods: We developed a real-time quantitative reverse
transcription-PCR assay to measure the concentration of
the mRNA of the corticotropin-releasing hormone (CRH)
locus. Peripheral blood samples were obtained from
healthy pregnant women both before and 2 h after
delivery. Peripheral blood samples were also obtained
from women suffering from preeclampsia and controls
matched for gestational age. Plasma was harvested from
these samples, and RNA was extracted. Plasma RNA
was subjected to analysis by the reverse transcription-
PCR assay.
Results: CRH mRNA was detected in the plasma of 10
healthy pregnant women in the third trimester. CRH
mRNA was found to be cleared very rapidly after
cesarean section, with no detectable signal by 2 h
postpartum. Plasma CRH mRNA concentrations were
1070 and 102 copies/mL, respectively, in 12 preeclamptic
women and 10 healthy pregnant women matched for
gestational age (Mann–Whitney test, P <0.001).
Conclusion: Plasma CRH mRNA represents a new mo-
lecular marker for preeclampsia. Maternal plasma RNA
is gender- and polymorphism-independent and may
allow noninvasive gene-expression profiling of an un-
born fetus.
© 2003 American Association for Clinical Chemistry

The discovery of fetal DNA in maternal plasma has
opened up new possibilities for noninvasive prenatal
diagnosis (1 ). This technology has been used for the
noninvasive determination of many disorders, including
fetal rhesus D status (2 ), myotonic dystrophy (3 ), achon-
droplasia (4 ), and �-thalassemia (5 ). In addition, quanti-
tative abnormalities of fetal DNA in maternal plasma/
serum have also been reported in preeclampsia (6–8),
fetal trisomy 21 (9, 10), and hyperemesis gravidarum (11 ).
For the latter investigations, most groups have used
Y-chromosomal markers, which are present only in male
fetuses, as a fetal-specific marker. This approach has
limited the application of this technology to the 50% of
pregnant women who are carrying male fetuses.

The demonstration of the presence of fetal RNA in
maternal plasma provides an approach for detecting fetal
nucleic acids in maternal plasma that is independent of
the gender and genetic polymorphisms present in a fetus
(12, 13). Recently, methods to enhance our ability to use
plasma RNA as a potential molecular diagnostic tool have
been developed. Our group has developed a protocol for
the quantitative analysis of plasma RNA (14 ), demon-
strated the unexpected stability of circulating RNA (15 ),
and shown that the placenta is an important source of
fetal RNA in maternal plasma (16 ).

In this study, we tested the hypothesis that the ability
to measure plasma RNA would provide us with a gender-
and polymorphism-independent marker for monitoring
pregnancy-associated disorders. Because of its impor-
tance, we chose preeclampsia as our model system (17 ).
For the mRNA target, we chose the mRNA of the cortico-
tropin-releasing hormone (CRH)3 locus, which is known to
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be expressed in the placenta (18 ) and is released into the
maternal circulation (19, 20). Its exact role in human
pregnancy is not yet fully understood. A significantly
higher CRH peptide content has been reported in placen-
tas of preeclamptic pregnancies (21, 22). Abnormally in-
creased maternal plasma CRH has also been reported by
various groups in pregnancies complicated by preeclamp-
sia (23–25). In this study, we investigated whether mater-
nal plasma CRH mRNA might also be increased in
preeclamptic pregnancies; if this hypothesis is confirmed,
then plasma CRH mRNA might represent a new nonin-
vasive marker for preeclampsia.

Patients and Methods
patients
Peripheral blood samples were collected with informed
consent and Research Ethics Committee approval from
pregnant women who attended the Department of Ob-
stetrics and Gynaecology at the Prince of Wales Hospital,
Hong Kong. Women were recruited between April and
October 2002.

In the first part of this study, blood samples were
obtained from 10 healthy pregnant women during the
third trimester of gestation. In the second part of the
project, pregnant women with uncomplicated pregnan-
cies were recruited just before elective cesarean section.
Peripheral blood samples were taken from these women
just before delivery and at 2 h postdelivery. In the third
part of the study, two patient groups were studied: (a) 12
preeclamptic women, and (b) 10 control pregnancies. The
median gestational ages of the preeclamptic and control
groups were 37 weeks (interquartile range, 36.6–38.9
weeks) and 38 weeks (interquartile range, 37.3–38.3
weeks), respectively. Preeclampsia was defined on the
basis of a sustained increase in diastolic blood pressure
�110 mmHg on one occasion or �90 mmHg on two or
more occasions at least 4 h apart, with the presence of
significant proteinuria in women with no history of
hypertension. Significant proteinuria was defined as pro-
teinuria �0.3 g/day or �2� on dipstick testing in two
clean-catch midstream urine specimens collected at least
4 h apart. The control group included pregnant women
with no preexisting medical diseases or antenatal compli-
cations.

processing of blood samples
Plasma harvesting was performed immediately on arrival
at the laboratory (within 1 h of venesection). Blood
samples were processed based on a previously reported
protocol (14 ). In brief, 10-mL blood samples were col-
lected in EDTA-containing tubes and centrifuged at 1600g
for 10 min at 4 °C. Plasma was then carefully transferred
into plain polypropylene tubes. The plasma samples were
recentrifuged at 16 000g for 10 min at 4 °C, and the
supernatants were collected in fresh polypropylene tubes.

rna extraction
We mixed 1.6 mL of plasma harvested after the centrifu-
gation steps described above with 2 mL of Trizol LS
reagent (Invitrogen) and 0.4 mL of chloroform (14 ). The
mixture was centrifuged at 11 900g for 15 min at 4 °C, and
the aqueous layer was transferred to new tubes. One
volume of 700 mL/L ethanol was added to one volume of
the aqueous layer. The mixture was then applied to an
RNeasy mini column (Qiagen) and processed according
to the manufacturer’s recommendations. Total RNA was
eluted with 30 �L of RNase-free water and stored at
�80 °C. DNase treatment (RNase-Free DNase Set; Qia-
gen) was carried out to remove any contaminating DNA.

real-time quantitative reverse transcription-
pcr
One-step real-time quantitative reverse transcription-PCR
(RT-PCR) was used for all mRNA quantifications (14 ).
The CRH primer sequences were 5�-GCCTCCCATCTC-
CCTGGAT-3� (forward) and 5�-TGTGAGCTTGCTGT-
GCTAACTG-3� (reverse), and the dual-labeled fluores-
cent probe was 5�-(FAM)TCCTCCGGGAAGTCTTGGA-
AATGGC(TAMRA)-3�, where FAM is 6-carboxyfluores-
cein and TAMRA is 6-carboxytetramethylrhodamine. Cal-
ibration curves for CRH mRNA quantification were pre-
pared by assaying serial dilutions of HPLC-purified
single-stranded synthetic DNA oligonucleotides (Genset
Oligos) specifying a 89-bp CRH amplicon (GenBank Ac-
cession No. NM_000756), with concentrations ranging
from 1 � 107 copies to 1 � 101 copies. Absolute concen-
trations of CRH mRNA were expressed as copies/mL of
plasma. The sequence of the synthetic DNA oligonucleo-
tides for CRH calibrations was 5�-GGAGCCTCCCA-
TCTCCCTGGATCTCACCTTCCACCTCCTCCGGGAAG-
TCTTGGAAATGGCCAGGGCCGAGCAGTTAGCACAG-
CAAGCTCACAGCA-3�. A calibration curve for glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) quantification
was prepared as described previously, with results ex-
pressed in pg/mL of plasma (14 ).

The RT-PCR reactions were set up according to the
manufacturer’s instructions (EZ rTth RNA PCR reagent
set; Applied Biosystems) in a reaction volume of 25 �L.
The fluorescent probes (Genset Oligos) were used at
concentrations of 100 nM. The PCR primers (Genset
Oligos) were used at a concentration of 200 nM for both
the CRH and GAPDH systems. We used 5 �L of extracted
plasma RNA for amplification. Each sample was analyzed
in duplicate, and the corresponding calibration curve was
run in parallel with each analysis. Samples were also
tested to ensure that they were negative for DNA by
substituting the rTth polymerase with the AmpliTaq Gold
enzyme (Applied Biosystems). No amplification was ob-
served for this control analysis, indicating the specificity
of the assays for the respective mRNAs. Multiple negative
water blanks were also included in every analysis. All
analyses were performed by two of the authors (E.K.O.N.
and N.B.Y.T.).
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The thermal profile used for the CRH and GAPDH
analyses was as follows: the reaction was initiated at 50 °C
for 2 min for the included uracil N-glycosylase to act,
followed by reverse transcription at 60 °C for 30 min.
After a 5-min denaturation at 95 °C, 40 cycles of PCR were
carried out with denaturation at 94 °C for 20 s and 1 min
of annealing/extension at 58 and 62 °C for CRH and
GAPDH, respectively.

statistical analysis
Statistical analysis was performed with the Sigma Stat
2.03 software (SPSS). The Mann–Whitney test was used
for the comparison of maternal plasma CRH mRNA
concentrations between preeclamptic and control groups.
The Wilcoxon test was used for the comparison of mater-
nal plasma GAPDH mRNA concentrations before and at
2 h postdelivery.

Results
establishment of real-time quantitative rt-pcr
To determine the quantitative performance of the CRH
RT-PCR assay, we used this system to amplify serially
diluted calibrators that were synthetic DNA oligonucleo-
tides based on the CRH sequence. Previous data have
shown that such single-stranded oligonucleotides reliably
mimic the products of the reverse transcription step and
produce calibration curves that are identical to those
obtained using T7-transcribed RNA (26 ). The calibration
curve for the CRH amplification systems demonstrated a
dynamic range from 2.5 � 101 to 1 � 106 copies and had
a correlation coefficient of 0.983. The sensitivities of the
amplification steps of these assays were sufficient to
detect 25 copies of the CRH target. To determine the
precision of the whole analytical procedure, including the
RNA extraction, reverse transcription, and amplification
steps, we performed 10 replicate RNA extractions from a
plasma sample obtained from a healthy pregnant woman
(gestational age, 38 weeks) and subjected these extracted
RNA samples to RT-PCR analysis. The CV for the thresh-
old cycle values of these replicate analyses for CRH
mRNA was 2.8%. The development and performance of
the real-time quantitative GAPDH RT-PCR assay was
described previously (14 ).

detectability of crh mRNA in maternal plasma
To test whether CRH mRNA transcripts were detectable
in maternal plasma, we analyzed plasma samples from 10
pregnant women in the third trimester of pregnancy
(gestational age, 37–41 weeks) by the CRH RT-PCR assay.
CRH mRNA was detected in all tested samples. The
median concentration of plasma CRH mRNA was 73
copies/mL (interquartile range, 51–177 copies/mL). As a
positive control, GAPDH mRNA was also detectable in all
of these plasma samples.

clearance of crh mRNA from maternal plasma
after delivery
To demonstrate that the maternal plasma CRH mRNA
was derived from the fetus, we analyzed maternal plasma
for CRH mRNA both before and at 2 h postdelivery. Four
women who delivered by cesarean section (gestational
age, 38–40 weeks) were studied. CRH mRNA was de-
tected in 100% of predelivery maternal plasma samples,
whereas CRH mRNA was not detected in any of the
postdelivery samples. GAPDH mRNA was detectable in
all plasma samples, thus demonstrating the quality of the
samples. No systematic alternation in maternal plasma
GAPDH mRNA concentration was observed (Wilcoxon
test, P � 0.25). The results are shown in Fig. 1.

Fig. 1. Clearance of CRH mRNA from maternal plasma after delivery.
CRH (A) and GAPDH (B) mRNA concentrations in maternal plasma are shown
before delivery and at 2 h after delivery. Each line represents one plasma sample
obtained from one woman.
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quantitative analysis of crh mRNA in the
plasma of preeclamptic pregnant women
To compare the concentration of CRH mRNA in maternal
plasma of preeclamptic and control pregnant women, we
obtained plasma samples from 12 preeclamptic women
and 10 control pregnant women with matched gestational
age. The median CRH mRNA concentration in the plasma
of preeclamptic women and control pregnancies were
1070 copies/mL (interquartile range, 535-1468 copies/
mL) and 102 copies/mL (interquartile range, 51–158 cop-
ies/mL), respectively (Fig. 2). The median plasma CRH
mRNA concentrations were 10.5 times higher in pre-
eclamptic than control pregnancies (Mann–Whitney test,
P �0.001).

Discussion
In this report, we have demonstrated that CRH mRNA is
easily detectable in the plasma of pregnant women in the
third trimester of pregnancy. The fact that such mRNA is
cleared within 2 h postpartum provides evidence that
such mRNA is derived from the fetus. These results
support our previous data demonstrating that the pla-
centa is an important source for releasing fetal mRNA
species into maternal plasma (16 ).

We also considered the possibility that CRH mRNA
produced by the mother, rather than the placenta, might
also be detectable in the plasma, but the postpartum data
suggest that this is improbable. Furthermore, because
CRH is produced by the hypothalamus, we think that it is
unlikely that large amounts of such mRNA will be re-
leased into the blood (possibly even requiring the passage
of mRNA through the intact blood–brain barrier). Con-
versely, the relatively large surface area of the placenta
would make it a much more plausible source of CRH
mRNA release.

The data presented here have demonstrated that the

concentration of maternal plasma CRH mRNA is in-
creased in pregnancies complicated with preeclampsia.
The median plasma CRH mRNA concentration was in-
creased 10.5 times in preeclampsia, compared with non-
preeclamptic pregnancies matched for gestational age. In
comparison, our previously published results showed a
fivefold increase in circulating fetal DNA in maternal
plasma in preeclamptic pregnancies (6 ).

Our results suggest that maternal plasma CRH mRNA
might be a new molecular marker for preeclampsia. This
approach offers an alternative to current studies that
involve the measurement of maternal plasma CRH using
immunoassays. For immunoassays, the specificity of the
method is critically dependent on the specificity of the
antibodies used. On the other hand, at least at the present
time, the mRNA approach is probably more expensive on
a case-by-case basis than a well-established immunoassay
system. Future studies should aim at a direct comparison
of these potentially complementary approaches in the
same patient cohort.

The mechanism producing the increase in such quan-
titative aberration in plasma RNA requires further inves-
tigation. Several theoretical possibilities exist. The first is
that increased concentrations of pro-CRH mRNA have
been detected in placental tissues in preeclamptic preg-
nancies (22 ), which may lead to increased liberation of
such transcripts into the plasma. The second possibility is
that, because plasma nucleic acids have been postulated
to be related to cell death (27–29), it is possible that the
increase in cell death within the placenta in preeclampsia
(30 ) may contribute to the increased release of placenta-
expressed mRNA species into maternal plasma. Concern-
ing the third possibility, we have recently demonstrated
that impaired clearance of maternal plasma fetal DNA is
observed in preeclampsia (31 ). In theory, a similar phe-
nomenon may also exist for plasma RNA clearance in
preeclampsia. This is particularly relevant because the
data in the present study demonstrate the rapid clearance
of CRH mRNA after delivery (Fig. 1), which is similar to
the rapid clearance of fetal DNA from maternal plasma
after delivery (32 ).

Compared with fetal DNA measurements in maternal
plasma (6–8), quantitative analysis of circulating fetal
RNA, such as placenta-expressed mRNA, has the advan-
tage of being applicable to all pregnant women irrespec-
tive of fetal gender and polymorphism status. Further-
more, numerous targets can be selected for plasma RNA
analysis, including the numerous genes that are known to
be expressed in the placenta. It could therefore be worth-
while to systematically investigate the detectability of
such transcripts in maternal plasma. In addition, because
CRH is a hormone, our data have also opened up the
possibility that a similar approach can be used for the
investigation of other hormonal systems, with new diag-
nostic and research opportunities.

Fig. 2. Box plot of CRH mRNA concentration in maternal plasma of
preeclamptic (PET) and control groups.
CRH mRNA concentrations are expressed in copies/mL. The lines inside the
boxes denote the medians. The boxes mark the interval between the 25th and
75th percentiles. The whiskers denote the interval between the 10th and 90th
percentiles. F indicate data points outside the 10th and 90th percentiles.
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