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A 24-year-old nulliparous woman developed mildly elevated blood pressure (140–150/90–
100 mmHg) without proteinuria (20 mg protein in a 24-hour urine collection) at 306/7 weeks
of gestation. The fetus was small for gestational age (estimated fetal weight under the fifth
percentile). At 325/7 weeks of gestation, the patient complained of epigastric pain, blood
pressure was 180/110 mmHg, proteinuria was documented (780 mg protein in a 24-hour
urine collection), schistocytes were detected in the peripheral smear, platelet count was
60,000 cells per mm3, and serum glutamic oxaloacetic transaminase was 234 U/l. The
patient was diagnosed with severe preeclampsia/HELLP syndrome. Antenatal steroids
were administered to induce fetal lung maturity. She and her family want to know the causes
of this condition, what treatment is available, and whether there are any long-term
implications of this diagnosis.
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A 24-year-old nulliparous woman developed mildly elevated blood pressure (140–150/90–100 mmHg) without proteinuria (20 mg protein in a
24-hour urine collection) at 306/7 weeks of gestation. The fetus was small
for gestational age (estimated fetal weight under the fifth percentile). At
325/7 weeks of gestation, the patient complained of epigastric pain, blood
pressure was 180/110 mmHg, proteinuria was documented (780 mg protein
in a 24-hour urine collection), schistocytes were detected in the peripheral
smear, platelet count was 60,000 cells per mm3, and serum glutamic oxaloacetic transaminase was 234 U/l. The patient was diagnosed with severe
preeclampsia/HELLP syndrome. Antenatal steroids were administered to
induce fetal lung maturity. She and her family want to know the causes of
this condition, what treatment is available, and whether there are any longterm implications of this diagnosis.
Current therapy
The patient described above, with new-onset hypertension (≥140/90 mmHg) and
proteinuria (≥300 mg/24-hour urine) after
20 weeks of gestation, meets the criteria for
the diagnosis of preeclampsia (1–3). The
presence of epigastric pain, thrombocytopenia, schistocytes, and elevated hepatic
enzymes is characteristic of a severe form
of preeclampsia, known as HELLP (hemolysis, elevated liver enzymes, and low platelet count) syndrome (4–9). Preeclampsia
is a multisystemic disorder and a leading
cause of maternal and perinatal morbidity/mortality (10). Maternal complications may include convulsions (eclampsia),
intracranial hemorrhage, liver hematoma
and rupture, pancreatitis, renal failure, disseminated intravascular coagulation, and
maternal death. The only known treatment
for preeclampsia is delivery of the fetus
and placenta. Medical management consists of the administration of intravenous
magnesium sulfate to decrease the risk of
eclampsia (11) and antihypertensive agents
(e.g., hydralazine and/or labetalol) to prevent the consequences of a hypertensive
crisis (e.g., stroke). The decision to deliver
a patient must balance the risks and benefits for the mother and fetus. In term gesConflict of interest: The authors have declared that no
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tations, when the fetus is mature, the issue
is straightforward; delivery will address the
maternal syndrome without major risk to
the neonate (12). In preterm gestations,
however, the risk to the mother of continuing the pregnancy must be balanced
with the risk of preterm birth (<37 weeks
of gestation), which is associated with an
increased risk of short-term complications
largely attributed to multiple organ immaturity (e.g., respiratory distress syndrome,
intraventricular hemorrhage, necrotizing
enterocolitis, neonatal sepsis) and longterm complications (e.g., chronic lung disease, neurodevelopmental disorders).
Preeclampsia is considered an inexorable
disorder, and the only definitive treatment
is delivery. Current medical therapy after
the diagnosis of preeclampsia is aimed at
preventing maternal and fetal complications (e.g., magnesium sulfate, antihypertensive agents, and antenatal steroids).
Yet, there are reasons to be optimistic.
Prevention of this disorder is possible.
Aspirin administration in patients with a
prior history of preeclampsia reduces the
rate of recurrence by 10% (13). Moreover,
a recent trial indicates that the combination of nitric oxide donors and antioxidants (l-arginine and vitamins E and C)
may reduce the recurrence rate by 17% (14).
Given the modest effect size of these interventions, a continued search for effective
interventions is needed. The identification
of preventive and therapeutic strategies can

be guided by an improved understanding
of the molecular mechanisms of disease
operating in this syndrome. Development
of a molecular taxonomy of disease would
be a major step forward. It is now clear
that preeclampsia is not a single entity but
rather a syndrome with multiple etiologies.
Therefore, biomarkers, preventive strategies, and treatment must be targeted to the
specific mechanism of disease in each of
the clusters of the syndrome.
Central to the pathophysiology of preeclampsia is ischemia of the placenta (15, 16),
which leads to the release of soluble factors
and micro/nanovesicles (17, 18) into the
maternal circulation responsible for the
clinical signs of preeclampsia: hypertension
and proteinuria. These factors have been
referred to as “toxins,” hence the name
“toxemia of pregnancy” (19). The cause of
placental ischemia is thought to be inadequate remodeling of the spiral arteries
that brings maternal blood into the intervillous space of the placenta (20, 21). The
mechanism responsible for the remodeling
involves migration of trophoblasts from the
anchoring villi into the decidua and superficial myometrium as well as the lumen and
wall of the spiral arteries (21–24).
Ten years ago, Maynard et al. reported
that an antiangiogenic factor, soluble
VEGFR-1 (sVEGFR-1) or soluble fms-like
tyrosine kinase 1 (sFlt-1), was increased in
the placentas of women with preeclampsia
and that increased concentrations could
recapitulate the features of the syndrome
in pregnant rats (25). sVEGFR-1 plasma/
serum concentrations correlated with the
severity of preeclampsia (26), and the elevation could be demonstrated prior to the
clinical diagnosis (27). The observation
that the sera of women with preeclampsia
(but not that of normal pregnant women)
inhibited angiogenesis in vitro suggested
that the condition is associated with an
antiangiogenic state. Importantly, administration of recombinant VEGF-121 attenuated hypertension and improved renal
lesions in an animal model of preeclamp-
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sia generated by the overexpression of
sVEGFR-1 (28). The antiangiogenic state of
preeclampsia has been attributed to a relative deficit of angiogenic factors, such as
VEGF and placental growth factor (PlGF),
and an excess of antiangiogenic factors,
such as sVEGFR-1 and soluble endoglin
(sEng). HELLP syndrome can be generated in pregnant rats through a combined
excess of sVEGFR-1 and sEng (29). These
soluble factors are excellent candidates to
be some of the “toxins” produced by the
placenta and responsible, at least in part,
for some of the manifestations of preeclampsia (30–33).
Research advances
A fundamental question is whether there is
a link between placental ischemia and the
excess production of antiangiogenic factors
in preeclampsia. During normal pregnancy,
uterine blood flow increases to perfuse the
intervillous space of the placenta and support fetal growth. This is made possible
through a unique phenomenon, physiologic transformation of the spiral arteries,
whereby trophoblasts (fetal cells) invade
the decidua and superficial myometrium
(maternal tissues) as well as the walls and
lumen of the spiral arteries (34). The consequence is that the spiral arteries increase
in diameter and the muscle of the media is
destroyed, rendering the vessels unresponsive to vasoactive agents. In preeclampsia,
trophoblast invasion is shallow and there is
failure of physiologic transformation of the
spiral arteries, which is thought to account
for the decreased uteroplacental blood flow,
although other mechanisms have been
implicated (35). A role for trophoblasts,
decidua, and immune mechanisms has
been proposed to account for the disorder
of deep placentation in preeclampsia (36).
Susan Fisher’s laboratory has made
major contributions to the understanding
of the mechanisms responsible for normal
and abnormal invasion of trophoblasts as
well as the discovery that cytotrophoblasts
adopt an endothelial adhesive phenotype
within the lumen of the spiral arteries;
this process is defective in preeclampsia
(22–24, 30). A paper published by the Fisher
group in this issue of the JCI identifies a
protein that links two major pathologic
processes implicated in the pathophysiology of preeclampsia: defective trophoblast
invasion and an antiangiogenic state (37).
Zhou et al. compared the cytotrophoblast
transcriptomes isolated from patients with
preeclampsia to those of a control group
2776

with spontaneous preterm labor/delivery.
Many of the initial differences observed
in the cultured cells were reverted to control levels after 48 hours in culture. The
authors propose that this is evidence that
the cytotrophoblast phenotypic alterations
in preeclampsia are reversible and recovery
possible. Demonstration that this is the
case in vivo would be an exciting prospect,
as it implies that treatment would be feasible. There are also immediate implications.
Many scientists believe that when trophoblasts obtained from patients with a disease state (such as preeclampsia) are placed
in culture, the cells retain the functional
characteristics they had in vivo. The results
of Zhou et al. suggest that this is not always
the case, and future work needs to consider
whether lack of differences in gene expression and other properties may represent an
in vitro phenomenon.
Zhou et al. report for the first time
upregulation of SEMA3B by trophoblast
cells of patients with preeclampsia (37).
This gene encodes semaphorin 3B, a protein known to induce apoptosis of tumor
cells, and interferes with angiogenesis by
binding to several members of the VEGF
family (38). The authors reasoned that this
molecule could play a key role in preeclampsia by inhibiting trophoblast invasion through apoptosis and contributing
to the antiangiogenic state observed in
the syndrome. The evidence in support
of this includes: (a) SEMA3B mRNA and
protein are overexpressed in trophoblasts
from patients with preeclampsia; (b) the
receptors NRP-1 and NRP-2 are expressed
in villous and invasive cytotrophoblasts,
creating conditions for an autocrine loop;
and (c) SEMA3B reduces cytotrophoblast
invasion by 60% through the induction
of apoptosis and inhibits angiogenesis in
a chick chorioallantoic membrane bioassay. These effects are mediated by opposing VEGF signaling through inhibition of
PI3K (preventing the association of p85
and p110α). Zhou et al. describe the operative intracellular signaling mechanisms
and propose a pathway for the pathogenesis of preeclampsia (see Figure 6 of Zhou
et al.; ref. 37).
Recommendations
The case for SEMA3B can be strengthened
by demonstrating that the administration
of this protein (directly or through a vector) to pregnant animals can induce hypertension, proteinuria, and other features of
this syndrome (e.g., fetal growth restric-

tion, thrombocytopenia, hepatic dysfunction, renal lesions). This should be reversible by blocking the effects of SEMA3B in
vivo. Proof of a link between a trophoblast
disorder and preeclampsia also requires
evidence that overexpression of SEMA3B
results in shallow placentation and failure
of physiologic transformation of the spiral
arteries. It would be important to determine whether the circulating concentrations of SEMA3B differ between patients
with preeclampsia and normal pregnant
women and whether such differences correlate with the severity of the disease and
are detectable prior to clinical diagnosis.
Demonstrating to what degree the putative involvement of SEMA3B is specific to
preeclampsia is also desirable. An abnormal antiangiogenic profile, characterized
by low concentrations of PlGF and high
concentrations of the antiangiogenic molecules sVEGFR-1 and sEng, was discovered
in the context of preeclampsia, but we now
know that such abnormalities can also
be observed in patients destined to have
fetal growth restriction (39) as well as fetal
death (both without preeclampsia) (40, 41)
and a subset of patients with spontaneous
preterm labor (42). These syndromes have
also been shown to feature failure of physiologic transformation of the spiral arteries, a disorder of deep placentation (43).
However, even if specificity could not be
proven because derangements in SEMA3B
expression were to occur in other obstetrical syndromes, this would be welcome news
because it would expand the importance
of this novel pathway in pregnancy complications. In our view, the crucial issue is
the mechanism of disease, rather than the
current diagnostic taxonomy of obstetrical
diseases. In other words, if a specific pathway (e.g., SEMA3B or others) leads to an
antiangiogenic state and disorders of deep
placentation and such derangement could
be identified in early pregnancy (or even
before), there would be opportunities for
the prevention of preeclampsia and other
adverse pregnancy outcomes, which have
proven to be virtually intractable for more
than a century.
Finally, the patient and the family referenced in the clinical vignette would like
to know the implications of this diagnosis for future health and disease. Patients
with preeclampsia are at a greater risk for
essential hypertension (44), cardiovascular
diseases (including myocardial infarction,
stroke, etc.) (45), type 2 diabetes (46), and
chronic renal disease later in life (47). Thus,

The Journal of Clinical Investigation   http://www.jci.org   Volume 123   Number 7   July 2013

the attending physician
pregnancy can be viewed as a multisystem
“stress” test, and the occurrence of preeclampsia may represent indirect evidence
that vascular abnormalities may be at play.
This concept has major healthcare implications, because prevention of cardiovascular
disease in women can begin after the diagnosis of preeclampsia.
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