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Clinical tools and biomarkers to predict preeclampsia

Teresa M MacDonald,*® Susan P Walker,** Natalie J Hannan,*>¢ Stephen Tong,**< and
Tu'uhevaha J Kaitu'u-Lino,*>“*

@Department of Obstetrics and Gynaecology, Mercy Hospital for Women, University of Melbourne. Heidelberg, Victoria,
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PMercy Perinatal, Mercy Hospital for Women, Heidelberg, Victoria, Australia

“Translational Obstetrics Group, Mercy Hospital for Women, Heidelberg, Victoria, Australia

Summary

Preeclampsia is pregnancy-specific, and significantly contributes to maternal, and perinatal morbidity and mortality
worldwide. An effective predictive test for preeclampsia would facilitate early diagnosis, targeted surveillance and
timely delivery; however limited options currently exist. A first-trimester screening algorithm has been developed
and validated to predict preterm preeclampsia, with poor utility for term disease, where the greatest burden lies. Bio-
markers such as sFlt-1 and placental growth factor are also now being used clinically in cases of suspected preterm
preeclampsia; their high negative predictive value enables confident exclusion of disease in women with normal
results, but sensitivity is modest. There has been a concerted effort to identify potential novel biomarkers that might
improve prediction. These largely originate from organs involved in preeclampsia’s pathogenesis, including placen-
tal, cardiovascular and urinary biomarkers. This review outlines the clinical imperative for an effective test and those
already in use and summarises current preeclampsia biomarker research.

Copyright © 2021 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction; Preeclampsia and the need for
improved prediction
Preeclampsia is a pregnancy-specific disease, affecting
3-5% of all pregnancies. Its hallmark features are high
blood pressure (hypertension) and endothelial dysfunc-
tion, leading to widespread end-organ injury. This
includes the liver, blood, kidneys, brain and placenta.
Preeclampsia is a significant contributor to maternal
morbidity (including outcomes as severe as liver rup-
ture, renal failure, seizures (eclampsia) and stroke) and
mortality worldwide. With delivery the only current
cure, preeclampsia also contributes significantly to pre-
maturity, neonatal morbidity and perinatal mortality."*
Recently, there has been increased interest in predic-
tive biomarkers for preeclampsia. An effective predictive
test would facilitate early diagnosis, targeted surveillance
and timely delivery. A biomarker able to predict high risk
women in early pregnancy (less than 16 weeks?) has clini-
cal utility in preventing preterm preeclampsia (and associ-
ated preterm birth and perinatal morbidity) through
administration of low-dose prophylaxis with aspirin to
reduce preterm disease.* ® The benefit of identifying
patients at higher risk of preeclampsia in late pregnancy
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(enabling increased surveillance and well-timed delivery)
is evidenced by the PHOENIX trial.” This randomised
study provided strong evidence that planned delivery for
preeclamptic patients reduces maternal morbidity com-
pared to expectant management.® In this review, we out-
line the clinical imperative for an effective test, review
those already in use and summarise current preeclampsia
biomarker research.

Screening tests — what's needed in the clinic?
To develop new, clinically relevant tests, clarity is
needed around the objective. The greatest clinical value
is likely to be realised with new screening tests to iden-
tify women at high risk of developing — or of already
having — established disease, enabling risk stratification
for ongoing care. In preeclampsia, such tests could
identify women who may benefit from increased clinical
surveillance and carefully timed birth. Conversely, they
may identify low risk patients who could safely reduce
their antenatal visits. Like predicting the weather,
screening tests for preeclampsia generally perform bet-
ter closer to disease development'® ie. prospective bio-
markers to predict term preeclampsia perform better
when sampled at later, compared to earlier, gestations.
Measuring blood pressure is a screening test for pre-
eclampsia that has been used for over a century. How-
ever, hypertension is often only wuseful when
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Test

Specifications

Advantages

Disadvantages

Clinical guidelines to
apply a preeclampsia
risk score. Examples
include NICE and ACOG

guidelines.

First trimester combined
algorithm for

preeclampsia

sFIt1:PIGF ratio

PIGF alone

Maternal and pregnancy charac-
teristics and existing medical
conditions are classified as

high or moderate risk factors

Combines maternal characteris-
tics with mean arterial blood
pressure, mean uterine artery
resistance, and circulating
PIGF to stratify risk

>38 represents screen positive

<100pg /ml represents screen

positive

(I) Only requires an assessment of clinical
factors that are readily attainable.
(i) Is applicable to all women at the
first visit (to determine who might ben-
efit from low-dose aspirin for preterm
preeclampsia prophyaxis)
(iii) Doesn't require access to specific
blood-testing or Doppler ultrasonogra-
phy
(iv) No additional cost

(I) Achieves a higher sensitivity for pre-
term preeclampsia (~82%).
(ii) Shown to achieve a high compli-

ance with prophylactic aspirin.

() If sFIt1:PIGF is 38 or less there is 99.3%
negative predictive value for pre-
eclampsia within a week — a strong
“rule out” test
(ii) Reduces admissions for women with

suspected preeclampsia

(I) Screen positive in women with sus-
pected preeclampsia at <35 weeks
achieves 96% sensitivity and 98% neg-
ative predictive value for preeclampsia
developing within 2 weeks
(ii) Its use has been shown to reduce
the time to diagnosis, adverse maternal
outcomes, outpatient attendances and

costs to healthcare service

(I) Modest test performance. Its sensi-
tivity is ~41% for pre-term pre-
eclampsia and it performs worse
for all preeclampsia.

(i) When applied in the real world
setting, it has been found not to
achieve high compliance with pro-
phylactic low-dose aspirin for

women at risk

(I) Additional cost for blood testing
for PIGF and ultrasonography to
determine maternal uterine artery
resistance
(i) Does not predict term pre-
eclampsia with high sensitivity.
Overall it detects only 42.5% of all
preeclampsia.

(iiii) Its use (combined with aspirin
prophylaxis) cannot reduce rates
of preeclampsia occurring at >37
weeks, which is the majority of the
disease.

(I) Limited to suspected preeclampsia
at <37 weeks — not applicable to
the general pregnant population
(i) Unable to accurately predict
(“rule in”) who will develop pre-
eclampsia, with low sensitivity and

positive predictive values

(I) Limited to suspected preeclampsia
at <35 weeks — not applicable to
the general pregnant population
(ii) Unable to accurately predict
(“rule in”) who will develop pre-

eclampsia at term

Table 1: Advantages and disadvantages of current tests used to screen for preeclampsia

preeclampsia has already started to develop, performing
only modestly in predicting later preeclampsia. Another
screening test currently applied in early pregnancy is
identification of clinical risk factors for preeclampsia™*
(Table 1), yet this too has very limited predictive ability.
Over the last decade, two screening tests have been
developed that have been integrated into clinical care in
some settings. The first is a first trimester screening test
that identifies those at risk of developing preterm pre-
eclampsia. The second is designed for later pregnancy
where there is clinical uncertainty whether preeclampsia
is established or likely to evolve. This latter test is highly

accurate in ruling out development of preeclampsia
within the next week (high negative predictive value)
and modestly accurate in predicting whether preeclamp-
sia will develop (positive predictive value). We will dis-
cuss these established tests below, before turning to
new biomarkers in the second half of this review.

First-trimester screening for preeclampsia risk

The advantages and disadvantages of existing tests to
identify women at risk of developing preeclampsia are
summarised in Table 1. Several guidelines exist to
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stratify risk using pregnancy factors and maternal char-
acteristics. The National Institute for Health and Care
Excellence (NICE) and American College of Obstetri-
cians and Gynecologists (ACOG) guidelines are fre-
quently used examples. Both list previous preeclampsia,
chronic renal disease, chronic hypertension, pre-exist-
ing diabetes mellitus and autoimmune disease as
“high” risk factors for preeclampsia.”""* The ACOG
guideline also includes multifetal gestation” (a
“moderate” risk factor in the NICE guidelines'). Other
“moderate” risk factors (where women with > two mod-
erate risk factors are considered at high risk of pre-
eclampsia) include nulliparity, advanced age and high
body mass index (albeit at differing cut-offs), inter-preg-
nancy interval of >10 years and family history of
preeclampsia.'"* These guidelines are easy to apply to
all pregnant women without cost, or additional testing,
however, perform with poor sensitivity. For example,
only 41% of women destined to deliver preterm pre-
eclampsia will be screen-positive using the NICE
guidelines.”"* Predictive performance for late gestation
preeclampsia is even poorer.”

To address this gap, a new first-trimester screening
algorithm has been developed and validated to predict
preterm preeclampsia. It combines mean arterial blood
pressure, Doppler ultrasound measured maternal uter-
ine artery resistance, and levels of circulating Placental
Growth Factor (PIGF). This test is superior in predicting
preterm preeclampsia compared to clinical risk factors
alone. It correctly detects 82% of cases — doubling the
detection rate achieved by application of clinical factors
using the NICE guidelines (table 1).” When used to
identify who should be offered aspirin to prevent pre-
eclampsia, it significantly reduces preterm preeclamp-
sia. In turn, this reduces hospital costs and reduced
financial and long-term human costs associated with
preterm birth.”> ™® Several international societies now
recommend first trimester combination screening for
preterm preeclampsia.'**° However, the costs of imple-
menting the test (given the ultrasound expertise and
assays to measure PIGF required) have meant imple-
mentation has not been universal.

Moreover, while individual costs of preterm pre-
eclampsia are high, preterm preeclampsia is rare, with
most disease burden associated with late pregnancy and
term disease. Early-onset preeclampsia occurring at
<34 weeks complicates just 0.38% of pregnancies. Late-
onset preeclampsia occurs at more than seven times
that rate.*’ Importantly, late-onset preeclampsia can be
severe, contributing significantly to global maternal and
perinatal mortality and morbidity.>" ** While first tri-
mester preeclampsia screening and intervention with
aspirin is an exciting development, this regimen does
not predict or prevent most cases of preeclampsia. There-
fore, there remains an unmet need to find predictive,
diagnostic and therapeutic approaches to reduce the bur-
den of preeclampsia occurring at later gestations.

www.thelancet.com Vol xx Month xx, 2021

Because screening does not predict most cases of
preeclampsia, clinical triage remains the mainstay of
care. At each antenatal visit, pregnant women have
blood pressure measured and may have an assess-
ment of urinary protein. Given the increasing preva-
lence of disease as term approaches, the frequency
of visits become progressively more intensive: for
example, every 2-3 weeks between 28 and 36 weeks,
and then weekly thereafter. This time-honoured clini-
cal approach is designed to identify early, women
where the disease has already established, but a pre-
dictive test for late-onset preeclampsia could enable
personalised stratification into high- or low-intensity
surveillance.

Biomarker testing to triage care in suspected
preterm preeclampsia

Besides the first trimester combined screening algo-
rithm, another biomarker innovation for preeclampsia
has entered the clinic. This screening test (usually
applied during the third trimester of pregnancy) is selec-
tively offered when clinicians are uncertain whether a
pregnant woman is on the cusp of developing pre-
eclampsia or not; where the clinical picture is ambigu-
ous. Examples include those with borderline
hypertension, or non-specific symptoms (such as head-
ache) or for women with persistently high blood pres-
sure, who have not met the diagnostic criteria for
preeclampsia (no strong evidence of other organ
involvement).

Soluble fms-like tyrosine kinase 1 (sFlt-1) and
PIGF are anti- and pro-angiogenic factors (respec-
tively) significantly deranged in preeclampsia. The
PROGNOSIS study showed that a sFlt-1:PIGF ratio
of 38 or lower can accurately rule out the likelihood
of developing preeclampsia over the next week, with
99.3%, negative predictive value, among women at
less than 37 weeks, who have the test for suspected
preeclampsia.’® This test has the potential to reduce
admissions for blood pressure monitoring, as it can
confidently exclude the likelihood of having the con-
dition. As such, it has been translated to clinical
practice in some centres. Conversely an sFlt-1:PIGF
ratio >38 is only modestly accurate in predicting
who will develop preeclampsia, with positive predic-
tive value of 36.7% for preeclampsia within four
weeks, and sensitivity of 66.2%."

PIGF alone (without expressing it in a ratio with sFlt-
1) has also been evaluated to triage care in women with
suspected preterm preeclampsia. Besides having a very
high negative predictive value it has also been shown to
predict preeclampsia requiring delivery within two
weeks with greater accuracy than other commonly used
clinical tests (blood pressure, urate, alanine transami-
nase (a liver function test), and proteinuria®#). Specifi-
cally, PIGF <1oopg/ml in women presenting with
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suspected preeclampsia at <35 weeks’ gestation, per-
formed with 96% sensitivity and 98% negative predic-
tive value in predicting whether preeclampsia will occur
over the next two weeks.*# Although recent data demon-
strates that PIGF alters with gestational age, and thus a
blanket definition of screen positive with PIGF
<r1oopg/ml may pick up numerous false positives.*> As
such, generation of gestation-specific references ranges
for diverse populations may further enhance the clinical
utility of PIGF. We also note that PIGF is not good at
predicting preeclampsia if applied to a low risk popula-
tion — such as the general pregnant population without
clinical suspicion of disease. Adding PIGF to the work
up of those with suspected preeclampsia, compared to
usual care, shortened time to diagnosis and reduced severe
maternal adverse outcomes for women with an intermedi-
ately low PIGF of 12-100pg/ml — potentially otherwise tri-
aged as lower risk.>® These improved maternal outcomes
could also be achieved with reduced cost and reduced
inconvenience of outpatient attendances,” highlighting
the clinical and financial value of ‘point of care’ biomarker
testing in cases of suspected preeclampsia. When com-
pared, the sFlt-1:PIGF ratio and PIGF alone performed sim-
ilarly in predicting delivery within two weeks in cases of
suspected preterm preeclampsia.*® The high negative pre-
dictive value enables confident exclusion of disease in
women with normal results.>®

A 'rule in’ test for term preeclampsia remains
an unmet clinical need

While exciting advances have been made over the past
decade with the introduction of these new biomarker
tests into the clinic, there remains a significant unmet
clinical need. There is still no test that can be applied
universally with sufficiently strong performance charac-
teristics to reliably identify those destined to develop
preeclampsia at term. If such a test were available, this
could dramatically reconfigure antenatal clinical care.
The number of visits could be safely reduced for those
who screen negative, saving pregnant women valuable
time and vastly reducing medical costs. A positive test
would allow careful surveillance, earlier diagnosis, and
an opportunity to perhaps offer preventative drugs (can-
didate treatments that may prove useful in future clini-
cal trials®®) to improve outcomes. Until one is
discovered, costly weekly antenatal visits with blood
pressure checks will remain the status quo.

Identifying new biomarkers for preeclampsia

In this second half of the review, we highlight new dis-
covery research: novel biomarkers for preeclampsia.
This field offers a rich literature, with teams from
around the world taking diverse approaches to identify
preeclampsia biomarkers of interest. For this review, we
have focused on potential biomarkers originating from

organs involved in the pathogenesis of the condition
(Figure 1). In this update we specifically focus our dis-
cussions around placental and cardiovascular bio-
markers. However, many have undertaken broader
screening approaches, utilising omics to screen for bio-
markers including epigenetics, transcriptomics, GWAS,
proteomics and metabolomics.*® For example, two
recent independent studies have utilised mass spec-
trometry platforms to identify 4-hyroxyglutamate as a
novel predictor of preeclampsia, before validating in an
external cohort."?* We also note that urinary Dbio-
markers arising as a result of kidney compromise is
another avenue of important work in this field.

Before discussing current research efforts targeting pla-
cental and cardiovascular biomarkers, it is worth reflecting
on the importance of the appropriate methodology to mine
for prospective biomarkers. To accurately identify predic-
tive biomarkers for a low-risk population where diagnostic
performance (sensitivity, specificity) can be calculated,
large prospective cohort collections are required. In such
cohort studies, samples are collected at specific gestations
and candidate biomarkers’ levels compared among those
who developed the condition and those who did not. Ideally
the disease will be represented at population incidence (e.g.
3-5% for preeclampsia). This means such studies in low
risk populations require collection of hundreds, ideally
thousands, of samples. Collecting and curating such
cohorts is expensive and thus to mine for candidate bio-
markers, a case cohort can be selected from the samples to
contain costs of laboratory discovery.>

Because of the expense of collecting large cohorts, most
preeclampsia biomarker studies have instead used conve-
nience samples collected from women already diagnosed
with preeclampsia at sampling, compared to those without.
This is pragmatic and can provide excellent insights into
the condition and can identify candidate biomarkers. How-
ever, it cannot be assumed that biomarkers differentially
expressed in such cohorts can predict the condition.
Indeed, it is possible that circulating biomarkers differen-
tially expressed in women who have preeclampsia (versus
those without) will fail (or perform very modestly) when
tested in large cohorts for their predictive potential weeks
before the condition develops. Even sFlt-r and PIGF per-
form modestly at predicting the onset of preeclampsia
when applied to a low risk cohort.**

Finally, besides the limitations of using samples from
cohorts of established disease, another significant limita-
tion in the field of preeclampsia biomarker research is that
validation studies of prospective biomarkers (in a fresh,
independent cohort) are rarely performed. Another option
to overcome this is via national or international collabora-
tion and exchange of samples for this purpose.*’*

Placental biomarkers
Given the two-stage theory of preeclampsia**** — pro-
posing placental disease precedes maternal endothelial

www.thelancet.com Vol xx Month xx, 2021
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Fig. 1. Schematic outlining the potential sources of biomarkers for preeclampsia and types that may be measured. Preeclampsia is
associated with placental insufficiency that leads to significant endothelial dysfunction and organ involvement. As such, the pla-
centa and endothelial cells represent potential sources of potential biomarkers that may be in the form of RNAs, DNA, metabolites

proteins.

dysfunction — placenta-released molecules offer a ratio-
nal starting point. Our team has specifically studied pla-
centa-enriched molecules (those highly expressed in the
placenta), including messenger RNAs (mRNAs),*® 39
microRNAs (miRNAs)*”#° and proteins,**+"4* as poten-
tial biomarkers.

Placental RNAs

The placenta releases a host of nucleic acids directly into
the maternal circulation which are detectable during
pregnancy, and quickly cleared post delivery. ¥ 4°
Numerous recent studies demonstrate alterations in
placental mRNA, miRNA, long-non coding RNA and
circular RNA between healthy and preeclamptic preg-
nancies.*® 4* However, changes in the placenta are not
always reflected within the maternal circulation, neces-
sitating direct measurement of potential biomarkers
within maternal blood, serum or plasma.

Tarca et al*® studied 20 circulating mRNAs previ-
ously identified as deranged in patients with established
preeclampsia  and  deemed as  “extravillous
cytotrophoblast” (EVT) specific by single-cell RNA
sequencing across gestation. They demonstrated that
this EVT signature was increased as early as 11-17 weeks’
gestation and further increased at 32-34 weeks once
diagnosis was established. Our team has assessed
mRNA expression of placenta-enriched RNAs, includ-
ing adrenomedullin (Adm).’° In a nested case control
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study, and confirmed in an entire cohort of 1004 sam-
ples, Adm was significantly reduced at both 28 and 36
weeks in those destined to develop preeclampsia at term
gestations.’” While the reduction was subtle, resulting
in modest predictive ability, Adm may have clinical util-
ity if combined with other molecules. Evidence that
mRNA biomarkers could improve prediction if com-
bined with proteins was demonstrated by Zhou et al.>!
A combination of Hoxb3 with sFlt-1 resulted in greater
area under the Receiver Operator Curve (ROC) than
either biomarker alone, but a major limitation is that
samples were collected following diagnosis. Thus, the
true predictive capacity of Hoxb3 with sFlt-1 requires val-
idation. Differential expression in circulating mRNAs
NR4A2, EMP1, PGMj5, SKIL, and UGT2B1, in pregnan-
cies with severe placental insufficiency (FGR, pre-
eclampsia or both) at imminent risk of stillbirth has
also been identified.”” We are currently investigating
whether these are of placental origin and could be used
as clinically useful predictors of placental insufficiency.
miRNAs are endogenous short non-coding RNA mole-
cules that can have post-transcriptional effects on
mRNAs by repressing their translation to protein or pro-
moting their degradation. They either circulate freely or
can be encapsulated in extracellular vesicles, including
exosomes, following release from the cells of origin.
Presently there is no ‘gold standard’ method for miRNA
measurement; studies utilise a mix of whole blood,
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plasma, serum or isolated exosomes from one of these,
making comparisons between studies challenging.

The primate specific chromosome 19 miRNA cluster
(C19MC), consisting of 56 mature miRNAs, is exclu-
sively expressed in placenta, embryonic cells and certain
cancers.” Therefore, CigMC miRNAs have been the
focus of numerous biomarker studies. In first trimester,
C1gMC miRNA expression has been assessed in both
exosomes isolated from plasma and in whole maternal
plasma.’* Exosomal expression produced higher predic-
tive performance for preeclampsia. Combined miR-517-
5p, miR520a-5p and miR-525-5p demonstrated 44.2%
sensitivity at 9go% specificity for prediction of late-pre-
term preeclampsia.’* Our work screening C1gMC clus-
ter miRNAs in whole blood at 36 weeks preceding term
preeclampsia only identified modest changes in one of
the cluster members studied, miR-12834°.

A recent systematic review> assessing circulating
nucleic acids in maternal plasma and serum concluded
that of 83 eligible studies, variation in populations and
limitations in adjustments for clinically relevant varia-
bles, made it difficult to draw firm conclusions around
the value of mRNAs, miRNA and other RNA species in
preeclampsia prediction. Further work is needed to
determine whether these molecules hold promise as
future biomarkers.

Placental proteins
Compared to RNA species, measurement of circulating
proteins may be more consistent between studies,
although variation remains, depending on whether
plasma or serum is utilised. Systematic reviews’® con-
sistently identify PIGF and placental protein 13 (PP13)
as the best predictive candidates. PIGF demonstrated
65% sensitivity at 89% specificity, and PP13 just 27%
sensitivity, with a specificity of 88%. As detailed earlier,
PIGF alone, and a ratio of sFlt-1/PIGF are being used
clinically as rule-out tests in some centres.'*# In this
section we highlight proteins that might have potential
if tested in combination with established biomarkers.
The Pregnancy Outcome Prediction study assessed
combined first trimester Pregnancy-associated plasma
protein A (PAPP-A) and Alpha fetoprotein (AFP) in a
large (n=4057) unselected cohort of nulliparous
women.”” PAPP-A is measured in the first trimester as
part of aneuploidy screening and has been associated
with pregnancy complications, including preeclampsia.
Second trimester AFP, produced primarily by the fetal
liver, has also been robustly linked to adverse pregnancy
outcomes including preeclampsia,’® with a large retro-
spective study (n=3325) reporting first trimester eleva-
tions, but poor predictive performance’® When
combined, a ratio of AFP/PAPP-A above 10 resulted in
a relative risk for severe preeclampsia of 2.12, with
slightly improved (although not significant) area under
the ROC curve (of 0.60 — reflecting only modest predic-
tive potential) compared to either biomarker alone.””

We have also assessed the potential of combining
placental biomarkers to improve prediction. Growth
Differentiation Factor 15 (GDF-15), a member of the
transforming growth factor B superfamily, is most
highly expressed in placenta under physiological
conditions.®>®" It is stress-induced, responding to cellu-
lar injury and inflammation, and deranged in cardiovas-
cular disease.®>°*®3 Plasma GDFrs levels are increased
in the circulation of patients with preterm preeclampsia,
and in our large prospective cohort collection (the Fetal
Longitudinal Assessment of Growth (FLAG) study), we
showed an association with term preeclampsia when
measured at 36 weeks. A combination of GDF1j5 x sFlt1/
PIGF yielded 68.3% sensitivity and 83.2% specificity **;
higher than each analyte’s performance alone. How-
ever, other recent works found increased serum GDF1s
at 30-34 weeks in those destined to develop early onset
preeclampsia, but no significant change at 35-37 weeks
prior to preeclampsia at term.°* The most important
difference between these studies was the use of plasma
in one, and serum in the other. Caution must be exer-
cised when using different sample types for comparison
or validation of biomarkers.

In both early and late pregnancy, combining placen-
tal biomarkers may hold promise for enhanced sensitiv-
ity. Future studies should focus upon identifying
biomarkers that could be added to enhance the predic-
tive performance of sFlt-1, PIGF and PP13.

Endothelial/cardiovascular biomarkers

Given the significant maternal endothelial dysfunction
characteristic of preeclampsia, there has been consider-
able interest in measuring circulating biomarkers that
originate from the maternal vasculature or that are asso-
ciated with endothelial dysfunction.

Endothelial RNAs

Like the placenta, endothelial cells release miRNAs that
likely play an important role in regulating endothelial
and possibly cardiovascular function. mir-574-5p, mir-
1972, and mir-4793 have been identified as elevated in
preeclampsia relative to healthy patients with the great-
est fold change and lowest false discovery rate.”> All
three have been linked to endothelial dysfunction
including impaired wound healing and decreasing pro-
liferation.

We studied endothelial miRNAs to predict term pre-
eclampsia using RNA from whole blood. miR363 regu-
lates endothelial cell properties by post transcriptional
regulation of tissue inhibitor of metalloproteinases-1
and thrombospondin 3. We found significantly reduced
miR363 at 28 and 36 weeks’ gestation preceding term
preeclampsia, and significantly reduced miRi49,
miR424 and miR18a at 36 weeks. These miRs are all
implicated in endothelial dysfunction, or have anti-

www.thelancet.com Vol xx Month xx, 2021



Review

angiogenic properties.*® Despite this, they demon-
strated only modest predictive potential. The best com-
bination, miR149 and miR363, demonstrated 45%
sensitivity at 9o% specificity. Further, GATA2 is a tran-
scription factor expressed in endothelium. It regulates
vascular homeostasis by controlling transcription of
genes and miRNAs, including miR126. Whole blood
Gataz2 and miR126 were both reduced in the circulation
of patients with early onset preeclampsia (<34wks)*®
and prior to preeclampsia diagnosis at term. Gataz was
reduced up to 12 weeks prior. These findings suggest
potential to combine endothelial related RNAs in a
multi-marker test with clinical utility.

Endothelial proteins

Nitric oxide (NO) is an important signalling messenger
in the cardiovascular system where it maintains endo-
thelial integrity by regulating vasodilation, adhesion of
leukocytes and platelet aggregation.®®” NO is synthes-
ised by Nitric oxide synthase (NOS), using L-arginine as
a precursor. Multiple groups have assessed the bio-
marker potential of Asymmetric dimethylarginine
(ADMA) for preeclampsia. It is a methylated product of
L-arginine that endogenously inhibits NOS to reduce
NO production. Two meta-analyses have recently
assessed ADMA showing it is deranged in those des-
tined to develop early onset preeclampsia if samples are
taken after 20 weeks, although with modest predictive
efficacy.®®%°

Endothelin-1 (ET-1) is a potent vasoconstrictive pep-
tide, predominantly secreted by endothelial and vascular
smooth muscle cells. Early studies, and more recent
works’® have demonstrated 2-3 fold increases in circu-
lating ET-1 in preeclamptic compared with normal preg-
nancies, however, there have been few studies
examining the predictive potential of ET-1 preceding
diagnosis. Malte and others”" assessed its stable circulat-
ing precursor protein, C-terminal proendothelin-1 (CT-
pro-ET1) in healthy patients versus those with suspected
preeclampsia at the time of enrolment. A combination
of CT-pro-ET1, sFlt-1 and systolic blood pressure produced
sensitivity of 80% at 90% specificity for development of
severe preeclampsia within 1 week in women with either
subclinical preeclampsia, gestational hypertension, essen-
tial hypertension or moderate preeclampsia. Thus ET-1, or
its precursor protein CT-pro-ET1 may hold potential in pre-
diction, or risk stratification of disease.

A host of other ‘endothelium-related’ biomarkers
have also been assessed for their potential to identify
preeclampsia. Vascular cell adhesion molecule-1
(VCAM-1) is upregulated in response to endothelial
inflammation. Soluble VCAM-1 was significantly
increased in a small cohort of early onset preeclamptics
relative to normal pregnancies.”” While the combina-
tion of VCAM-1 with hyularon improved prediction fur-
ther,”® this combination was out-performed by PIGF
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alone.”* Endocan, also involved in inflammation and
endothelial dysfunction, has modest biomarker poten-
tial, with meta-analyses finding higher levels in women
with early onset preeclampsia.”’

In summary, many studies have reported that endo-
thelial/cardiovascular biomarkers are deranged in estab-
lished preeclampsia, but few have shown predictive
potential. Nevertheless, there is likely untapped poten-
tial in combining biomarkers, and future research com-
bining markers of placental and endothelial origin
should be pursued with vigour.

Conclusions

Preeclampsia remains one of the most severe pregnancy
complications with a significant legacy of both maternal
and perinatal morbidity. Early detection improves out-
comes, yet at present there is no reliable screening test
to predict its development — especially at term gesta-
tions where the greatest burden of disease exists. Many
potential biomarkers have been identified through
exploratory studies utilising samples from established
disease. These studies have generated hypotheses for
potential biomarkers, with less focus on prediction. It is
possible that combining biomarkers derived from multi-
ple organ and cellular sources may yield the best predic-
tive performance. Utilising large prospective cohort
collections in unselected populations provides the best
avenue for discovering novel biomarkers, but these
markers — or combinations — must be rigorously vali-
dated in external cohorts to ensure they achieve their
potential to improve outcomes for pregnant people and
their babies.

Outstanding questions

While progress has been made toward developing use-
ful screening options for preterm preeclampsia, there is
still much work to do before a screening test could be
applied to predict term preeclampsia, where the greatest
burden of disease lies. Some outstanding questions that
need answering include:

® Is there a time point in pregnancy that offers a prag-
matic time for screening, but is close enough to dis-
ease onset that a test might perform with high
sensitivity and positive predictive value? We believe
28 weeks’ gestation might offer an ideal time, given
it is around this time that glucose tolerance tests
might be offered, but closer in proximity to the time
at which late preterm or term preeclampsia might
develop. It is also possible that a late gestation test,
at perhaps 36 weeks’ gestation could offer clinical
value.

® Can novel biomarkers improve the sensitivity and
positive predictive value of current biomarkers such
as sFlt-1 and PIGF? The PROGNOSIS study has
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shown that a ratio of sFlt-1/PIGF performs well for
ruling out disease development, but consideration
should be given as to whether novel markers can
either be combined to this ratio to enhance sensitiv-
ity, or indeed out-perform these markers. To
achieve this, teams that are examining novel bio-
markers must also measure sFlt-1 and PIGF.

® Can biomarkers discovered in samples collected
from patients with established disease be validated
in the general pregnancy population preceding
diagnosis, and can they also be validated in external
cohorts? As detailed above, this is a limitation of
many studies within the field and the true clinical
utility of a test relies on these questions being
answered properly.
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Search strategy and selection criteria

For the section covering novel biomarkers, we searched
PubMed from Jan 1 2016 to Sept 30 2021 with the fol-
lowing search terms: “preeclampsia” cross-referenced
with “biomarker”, “prediction”, “prognosis” and
“diagnosis”. We also searched specifically for “mRNA
preeclampsia blood prediction”, “CigMC cluster pre-
eclampsia”, “mictoRNA miRNA blood preeclampsia
prediction” and “preeclampsia endothelial dysfunction
biomarkers”. Our search was performed between Aug
24 and Sept 30th, 2021. We prioritised biomarkers stud-
ied by numerous groups with consistent findings, or for
which validation data exists. Only articles published in
English were included.
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