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Placental expression of endothelial and inducible
nitric oxide synthase and nitric oxide levels
in patients with HELLP syndrome
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OBJECTIVE: To determine placental gene expression of endothelial and
inducible nitric oxide synthases and measure nitric oxide levels in pa-
tients with hemolysis, elevated liver enzyme levels, and low platelet
count syndrome.

STUDY DESIGN: Preterm placentas were obtained from 15 patients
with hemolysis, elevated liver enzyme levels, and low platelet count syn-
drome and 30 controls matched for age, parity, and gestational age.
mRNA levels were evaluated by real-time polymerase chain reaction,
whereas nitric oxide and peroxynitrite production was measured by a
commercially available kit.

RESULTS: Placental gene expression of inducible nitric oxide and endo-
thelial nitric oxide synthases were significantly lower in the hemolysis,
elevated liver enzyme levels, and low platelet count syndrome group

than in controls, whereas nitric oxide and peroxynitrite production were
significantly higher in hemolysis, elevated liver enzyme levels, and low
platelet count syndrome compared with controls.

CONCLUSION: The reduced endothelial nitric oxide and inducible ni-
tric oxide synthases gene expression in women with hemolysis, ele-
vated liver enzyme levels, and low platelet count syndrome may in-
dicate extreme placental dysfunction that is unable to compensate
the endothelial derangement and the related hypertension. The
higher nitric oxide formation found in hemolysis, elevated liver en-
zyme levels, and low platelet count syndrome placentas could be ex-
plained as a counteraction to the impaired fetoplacental perfusion,
typical of the syndrome.
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N itric oxide (NO) is a free radical
and an important modulator of

cellular responses in a variety of tissues,
including those involved in human re-
production. NO is generated from L-ar-
ginine by the catalytic action of the en-
zyme nitric oxide synthase (NOS). So
far, 3 different isoforms of NOS have
been identified, cloned, and character-
ized. Although 2 of the 3 (type I or neuro-

nal or nNOS and type III or endothelial or
eNOS) are constitutively expressed in a va-
riety of tissues, the expression of the third
isoform (type II or inducible or iNOS) can
be induced by cytokines and some other
agents.1 NO is known to have a powerful
vasodilating effect and inhibits vaso-
spasm, platelet activation, and leukocyte
activation. These are the features of en-
dothelial cell damage that are considered
pivotal in the pathogenesis of all preg-
nancy disorders.2,3 The interaction be-
tween NO and the superoxide anion
(O2�.) produces the relatively long-
lived potent prooxidant peroxynitrite
(ONOO�), which is highly toxic, in-
duces lipid peroxidation, and nitrates ty-
rosine residues on proteins, thus inhibiting
signal transduction.4 HELLP syndrome
(hemolysis, elevated liver enzyme levels,
and low platelet count), is a dangerously
severe complication of pregnancy charac-
terized by a multisystemic thrombotic
microangiopathy.5

HELLP syndrome occurs in about
0.5% to 0.9% of all pregnancies and in

10% to 20% of cases with severe pre-
eclampsia (PE). The complications of
HELLP are long-recognized outcomes of
severe preeclampsia-eclampsia but were
first termed HELLP syndrome by Wein-
stein.6 HELLP is currently regarded as a
variant of severe preeclampsia or a com-
plication.7 In literature, the reported
maternal mortality from HELLP is 1%,
and the perinatal mortality rate ranges
from 7.4%–34% and may be due to pre-
mature detachment of placenta, intra-
uterine asphyxia, and prematurity.8-10

Endothelial cell damage is considered to
play a key role in the pathogenesis of
both PE and HELLP even if the mecha-
nism is not fully understood. Different
studies highlighted that the oxidative
stress in placenta leads to thrombosis, in-
flammation, and endothelial cell dys-
function.11,12 Although the cause is un-
clear, there exists accumulated evidence
for a pathogenic model of PE and hyper-
tensive disorders of pregnancy, whereby
a deficiency in trophoblastic invasion of
the placental bed leads to a poorly per-
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fused fetoplacental unit. The clinical fea-
tures, caused by a combination of endothe-
lial damage, generalized vasoconstriction,
and activation of coagulation, have been
well described.13 The reduction in utero-
placental perfusion is the cause of the
commonly observed fetal growth restric-
tion, which together with prematurity in
those needing early delivery, is a major
risk factor for neonatal morbidity and
mortality. There have been several stud-
ies on the role of endothelium-derived
relaxing factor, such as NO in the control
of placental vascular tone and in the es-
tablishment and maintenance of the fe-
toplacental circulation.14-16 Moreover, it
has been suggested that impairment in
the L-arginine-NO system is involved in
the pathophysiology of hypertensive dis-
orders of pregnancy.17,18

Previously, our group19 demonstrated
lower levels of iNOS in the placental
bed from pregnancies complicated by
HELLP syndrome than in normal preg-
nancies. However, in the same study,
there was no significant difference in
eNOS expression between normal and
HELLP syndrome pregnancies.

The aim of our study was to evaluate pla-
cental expression levels of eNOS and iNOS
in patients with HELLP syndrome using
real-time quantitative PCR. Moreover, in
the same patients NO and ONOO� tissue
levels were evaluated.

MATERIALS AND METHODS
Patient recruitment
and tissue collection
Fifteen patients with HELLP syndrome
and 30 healthy pregnant controls com-
parable for maternal and gestational age
were enrolled for the study. All women
had singleton pregnancy and were white.
The study was performed in accordance
with the principles of the Declaration of
Helsinki as revised in 2001. The study
was approved by the local institutional
review board, and informed consent was
obtained.

HELLP syndrome was defined as new
onset of severe hypertension (systolic
blood pressure �160 mm Hg and/or di-
astolic blood pressure �110 mm Hg)
with platelet count of �100,000 cells/
mm3, aspartate aminotransferase activ-

ity �70 IU/L, and lactate dehydrogenase
activity �600 IU/L.20

All women recruited, cases and con-
trols, received a single course of betham-
esone for fetal lung maturity (12 mg/d
for 2 days) within 3 days before delivery,
and no patient received magnesium sul-
phate before delivery. Specific exclusion
criteria for the control group included a
history of hypertension, renal disease,
cardiac disease, diabetes mellitus, thy-
roid and immunologic diseases, congen-
ital or acquired thrombophilic disorders,
and the presence of chromosomal and
other fetal anomalies. Gestational age
was determined, by our internal obstet-
ric protocol, by reference to the last men-
strual period and crown rump length
measurements between 8 and 12 weeks
of gestation, confirmed by an early sec-
ond trimester ultrasonographic exami-
nation.21 To rule out any impact of labor
on placenta, only the women who deliv-
ered by elective cesarean section preced-
ing labor were recruited. In the HELLP
group, the reason for cesarean section
was based on deterioration of maternal
or fetal condition. A group of 30 patients
matched for gestational age who under-
went preterm cesarean section for med-
ical problems unrelated to placental de-
velopment were recruited as controls.
Namely, the indications for cesarean sec-
tion in this control group were fetal
anomalies not associated to genetic
causes, such as gastroschisis or congeni-
tal heart disease, acute maternal cerebral
trauma, maternal congenital heart defect
unrelated to hypertension and to cyano-
genic cardiopathies, breast cancer, and
cervical cancer. Intrauterine fetal growth
restriction and preterm labor were not
included in the controls. Placental tissue
was taken immediately after delivery.
Two tissue blocks of whole placenta (1 �
1 � 1 cm) were cut from the lower third
of the cotyledons of each placenta and
placed immediately into liquid nitrogen.
Once frozen, the placental specimens
were stored at �80°C until analysis. The
total processing time length was less than
10 minutes.

RNA extraction
A piece of the frozen tissue (20-40 mg)
was homogenized in lysis buffer, and the

total RNA was extracted with an RNA
isolation kit (Promega, Madison, WI).
RNA samples were tested by ultraviolet
absorption at 260 nm to determine RNA
concentration. The quality and concen-
tration of the RNA samples were further
confirmed by electrophoresis on dena-
turated 1% agarose gels. Two micro-
grams of RNA were reverse transcribed
in a total volume of 25 �L for 60 minutes
at 37° C with M-MLV Reverse Tran-
scriptase (Promega) using random no-
namers to obtain complementary DNA
(cDNA).

Real-time quantitative PCR
cDNA was used for real-time quantita-
tive PCR. To avoid false-positive results
attributable to the amplification of con-
taminating genomic DNA in the cDNA
preparation, the primers were selected to
flank an intron, and PCR efficiencies
were tested and found to be close to 1. The
following primers were used: 5=-GTGGC-
TGTCTGCATGGACCT-3= (forward) and
5=-CCACGATGGTGACTTTGGCT-3= (re-
verse) for eNOS,22 5=-TGCAGACACGT-
GCGTACTCC-3= (forward) and 5=-GG-
TAGCCAGCATAGCGGATG-3= (reverse)
for iNOS,22 5=-TCCACTGGCGTCTT-
CACC-3= (forward) and 5=- GGCAG-
AGATGATGACCCTTTT-3= (reverse) for
GAPDH.Thegeneswereruninduplicateus-
ing SYBR Green chemistry. All samples,
taken from each pregnancy, were tested
in triplicate using as reference the GAPDH
gene23-25 for data normalization to correct
for variations in RNA quality and quantity.

Western blot
To confirm the real-time PCR results, we
made a Western blot. Tissue extracts
were prepared with RIPA lysis buffer
containing 1 � phosphate-buffered sa-
line (PBS), 1% Igepal CA-630, 0.5% so-
dium deoxycholate, 0.1% SDS, 10
mg/mL PMSF, aprotinin, 100 mM so-
dium orthovanadate, and 4% protease
inhibitor cocktails. As a positive control,
protein extracts from mouse liver were
also loaded in all Western blots. Samples
containing 50 �g proteins were sub-
jected to 8% sodium dodecyl sulfate-
polyacrylamide gel and electrophoresed
for 1 hour at 130 V along with a molec-
ular weight marker (Precision Plus Pro-
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