
Abstract. Background/Aim: To characterize global
microRNA (miRNA) expression profile in the first trimester
maternal plasma of women who subsequently develop late-
onset preeclampsia (LOPE) compared to uncomplicated
pregnancies. Materials and Methods: Five first trimester
plasma samples from women who developed LOPE and 5
controls were analyzed using next generation sequencing
technology (NGS) followed by target prediction, Gene
Ontology analysis and pathway identification. Quantitative
real-time polymerase chain reaction (qRT-PCR) was
performed for confirmation in an independent cohort of 12
LOPE cases and 12 controls. Results: miR-23b-5p and miR-
99b-5p were down-regulated by >1.5 fold in LOPE
complicated pregnancies (p value <0.05) compared to
controls. Target prediction showed that the major targets of
these miRNAs are associated with glycometabolism and
immune response. Conclusion: miR-23b-5p and miR-99b-5p
are possibly implicated in the pathogenic mechanisms leading
to the induction of LOPE and may serve as candidate non-
invasive biomarkers for early prediction and prevention.

Preeclampsia (PE) (1), a multisystem pregnancy complication
affecting 2-8% of all pregnancies globally, is one of the major
contributors to maternal and fetal mortality and morbidity
accounting for 10-15% of maternal deaths (1). It is clinically
defined as pregnancy-induced hypertension (>140/90 mmHg

on two separate occasions) together with proteinuria (>300
mg/day). In the absence of significant proteinuria,
hypertension in the presence of features associated with
maternal endothelial dysfunction such as thrombocytopenia,
renal insufficiency, impaired liver function, pulmonary edema,
cerebral or visual symptoms, during the second or third
trimester of pregnancy is sufficient to support a diagnosis (2).

Although the disease typically resolves after delivery,
women who experience PE and their neonates are at
increased risk for cardiovascular and metabolic disease in
later life (3, 4). Setting the cut-off point at 34 weeks
gestation, PE is classified either as early onset (EOPE) which
develops before 34 weeks of gestation, or the more common
late-onset sybtype (LOPE), which develops at or after 34
weeks of gestation (4, 5). The two subtypes have different
etiology and develop through different pathophysiological
mechanisms. Poor placentation and impaired spiral artery
remodeling are linked with EOPE, whereas LOPE is possibly
the result of a mismatch between the metabolic demands of
the growing fetus and maternal supplies. 

Induced preterm delivery remains the only treatment
option for managing PE. Nevertheless, recent evidence
suggests that early prediction of women at risk for PE may
either prevent disease onset or minimalize adverse pregnancy
outcome with the administration of Aspirin® before the 16th
week of pregnancy (6). Several risk factors from maternal
characteristics, obstetrics, and medical history, including
ethnicity, age, parity, multiple pregnancy, and a history of PE
in earlier pregnancy, combined with biophysical markers
[uterine artery pulsatility index (UtA-PI)] and biochemical
markers such as soluble fms-like tyrosine kinase 1 (sFlt1),
pregnancy associated plasma protein-A (PAPP-A), vascular
endothelial growth factor (VEGF) and placental growth
factor (PlGF) have been investigated for their ability to
predict PE at 11-13 weeks of gestation. So far, an algorithm,
which combines maternal factors, mean arterial pressure,
UtA-PI and maternal serum PlGF at 11-13 weeks’ gestation,
has achieved the best performance. The estimated detection
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rate (DR) of screening using this model is 75% (95%
confidence interval=70-80%) for EOPE and 47% (95%
confidence interval=44-51%) for LOPE at 10% false positive
rate (FPR) (7). Thus, there is a real clinical need to identify
biomarkers with predictive value in particular for LOPE.

MicroRNAs (miRNAs), a class of small non-coding
endogenous RNA molecules of ~21-24 nucleotides that
transcriptionally regulate gene expression, have attracted the
attention of researchers due to their crucial role in several
biological processes including cell growth, proliferation,
differentiation and apoptosis (8-11). 

MiRNAs are expressed within cells as well as in
extracellular fluids such as serum, plasma, saliva, urine and
milk. These extracellular miRNAs known as circulating
miRNAs are characterized by increased stability, up to 10×
higher than that of messenger RNA (12). Due to their non-
invasive nature, stability and ease of quantitation, circulating
miRNAs have been considered as promising biomarkers for
various pathologic conditions including cancer,
cardiovascular diseases and pregnancy complications (13).
Recent evidence suggest that miRNAs are implicated in the
regulation of placentation, angiogenesis, blood pressure and
inflammatory response highlighting their involvement in the
pathogenesis of the disease as well as an important role as
candidate biomarkers for the early prediction of PE. 

In the present study, miRNA profiling of the first trimester
maternal plasma from women who subsequently developed
LOPE along with healthy controls was performed, using
Next Generation Sequencing technology followed by
quantitative real-time polymerase chain reaction (qRT- PCR)
verification, in order to identify candidate biomarkers for the
early prediction of the complication and suggest pathogenic
mechanisms associated with the development of PE. The
analysis focused on LOPE, which accounts for
approximately 85% of PE complicated pregnancies.

Materials and Methods 
Study population. For this retrospective case-control study maternal
peripheral blood samples were obtained from a non-selected
population of 2437 Caucasian pregnant women at 11+0 to 13+6
weeks of gestation undergoing first trimester prenatal screening for
fetal aneuploidies using ultrasonographic and biochemical markers.
During this first visit, blood samples were collected using Ethylene-
diamine-tetra acetic acid (EDTA) Vacutainer tubes (Becton
Dickinson UK Ltd, Oxfordshire, United Kingdom) and processed
within 2 h from collection by double centrifugation at 2500×g for
10 min at 4˚C for plasma separation. Plasma was retained into 250
μl RNA/DNA enzyme-free frozen eppendorfs (ThermoFisher
Scientific, Waltham, MA, USA) and immediately stored at –80˚C
until RNA extraction.

The demographic and clinical data of all women participating in
the study were collected, using a pre-established questionnaire, by
the scientists involved in the project and recorded in an electronic
database. In all cases gestational age was calculated based on the

crown-rump length (CRL) at first-trimester ultrasound (14).
Following delivery, information on pregnancy outcome was
available from the hospital records. Based on these data, 34 samples
were retrieved for analysis, comprising 17 from women who
subsequently developed LOPE and required delivery at >34 weeks
of gestation and 17 from uncomplicated pregnancies (controls)
matching for maternal age, gestational age and duration of storage
of plasma samples. Patient demographic characteristics and clinical
data are presented in Table I. Subsequently, samples were randomly
divided into screening and verification sets. During the first phase
of the study, the biomarker-screening phase, samples from 5 women
who later developed LOPE and 5 controls were used for miRNA
profiling using the NGS technology for the identification of
circulating miRNAs showing significant difference in expression
levels between the LOPE and control samples. In the second phase,
the verification step, the differential expression of previously
identified miRNAs was confirmed by qRT-PCR in an independent
group of 12 samples obtained from women with subsequent LOPE
and 12 from uncomplicated pregnancies.

Women included in the study had a singleton pregnancy,
delivered phenotypically normal neonates and, at the time of blood
sampling, were normotensive and did not receive any medication.
None of the samples were previously thawed and refrozen.

PE was defined as new-onset hypertension that developed after
20 weeks of gestation (systolic or diastolic blood pressure ≥140
and/or ≥90 mm Hg, respectively, measured on at least two
occasions, 4 h to 1 week apart) and proteinuria (≥300 mg in a 24-h
urine collection, or two random urine specimens obtained 4 h to 1
week apart containing ≥1+ by dipstick) (15). 

LOPE was defined as preeclampsia diagnosed at or after 34
weeks of gestation. 

Normal pregnancies were defined as those without complications
that delivered at 38±42 weeks of gestation a chromosomally normal
baby weighting within the normal range for gestational age.
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Table I. General characteristics of the study population.

LOPE* Controls
(n=17) (n=17)

Median (Min, Max) Median (Min, Max) p-Value

Gestational age 12.43 (11.80, 14.14) 12.29 (11.43, 13.00) 0.17
at blood collection 
(weeks)

Maternal age 31.81 (21.28, 39.50) 33.19 (26.75, 41.27) 0.09
(MA) (years)

Body-mass index 27.10 (18.60, 46.90) 22.60 (19.10, 44.80) 0.30
(BMI)

Smoking
Yes 3 (17.6%) 6 (35.2%) –
No 14 (82.4%) 11 (64.8%)

Gestational age at 36.40 (34.40, 38.50) 39.80 (39.00, 40.50) 0.00
delivery (Years)

Fetal birth weight 2860.00 3445.00 0.50
(BW) (gr) (2410.00, 3280.00) (2950.00, 30500.00)

Fetal gender
Boys 10 (59%) 9 (53%) –
Girls 7 (41%) 8 (47%)



Circulating miRNAs extraction. Plasma samples were thawed on ice
and centrifuged at 3.000×g for 5 min in order to remove cellular
debris that may affect the miRNA profiling. Isolation of plasma total
RNA (including miRNAs) was carried out using the miRCURY
RNA isolation kit (Exiqon, Vedbaek, Denmark) following the
manufacturer’s protocol. RNA concentration was estimated by
OD260/OD280 ratio on a NanoDrop ND-1000 spectrophotometer
(Thermo Fisher Scientific). The RNA integrity was examined with
an Agilent Bioanalyzer2100 (Agilent, Santa Clara, CA, USA).

Small RNA library preparation and NGS analysis. Total RNA from
each case was used to construct small RNA libraries using the
Illumina TruSeq Small RNA library kit (Illumina, San Diego, CA,
USA). Briefly, total RNA of each sample was sequentially ligated
to 3'and 5' small RNA adapters, reverse transcribed and amplified
using Illumina's proprietary amplification primers. Subsequently,
amplified fragments of 130-150bp, corresponding to ~15-35 nt
small RNAs, were size selected using 6% polyacrylamide gel
electrophoresis and the concentration of each library was
determined using an Agilent 2100 Bioanalyzer (Agilent). The DNA
fragments in the libraries were denatured with 0.1M NaOH to
generate single-stranded DNA molecules, captured on Illumina flow
cells, amplified in situ and finally sequenced in 51 cycles on
Illumina Nextseq 500 (Illumina, San Diego, CA, USA) high-
throughput sequencing according to the manufacturer’s instructions.

Raw data processing and miRNAs differential expression. Raw
sequences were generated as clean reads from Illumina Next seq
500 by real-time base calling and quality filtering. The 3’ prime
adapter sequences were trimmed and reads with lengths <15
nucleotides were discarded. The trimmed reads were recorded in
FASTA format and those with length ³15nt were aligned to the
human pre-miRNA database (miRBase v21) using NovoAlign
software (NovoCraft, Selangor, Malaysia) allowing maximum one
mismatch per sequence. Reads with counts <2 were discarded when

calculating the miRNA expression. The alignment results were
saved in text files. The miRNA expression levels were measured
and normalized as transcripts per million (TPM) of total aligned
miRNA reads (16). The miRNA read counts are used to estimate the
expression levels of each miRNA. The sequence counts for all
miRNAs identified were compiled in an Excel file.

For the identification of differentially expressed miRNAs in
LOPE cases as compared to uncomplicated pregnancies, the fold
change (FC) and p-values were computed. The Students t-test was
used for differential expression analysis. MiRNAs having FC≥1.5
and p-value≤0.05 were considered significant. miRNA relative
expression was estimated as the log2-transformed ratio of an
individual miRNA expression level over the mean expression level
of all control samples for the respective miRNA under investigation.

Quantitative real-time polymerase chain reaction (qRT-PCR). The
differential expression of miR-99b-5p and miR-23b-5p in LOPE
complicated pregnancies, as compared to the control group, was
verified using qRT-PCR. Complementary DNA (cDNA) synthesis and
subsequent qRT-PCR were performed using the TaqMan miRNA
Reverse Transcription kit and TaqMan universal PCR master mix
(Applied Biosystems, Foster City, CA, USA) respectively. Specific
primers and a TaqMan probe for miR-99b-5p and miR-23b-5p
(Applied Biosystems, Inc.) were used according to the manufacturer’s
instructions. All samples were analyzed in triplicate in an LC480
LightCycler system (Roche GmbH, Basel, Switzerland). Positive
amplification of each sample was considered when a signal occurred
before the 40th threshold cycle. The miRNA levels were normalized
to U6 (Applied Biosystems, Inc.) as an internal control and the relative
abundance of each miRNA was calculated using the ΔΔCt equation.

Statement of ethics. The study was performed according to the
Helsinki Declaration on ethical principles for medical research
involving human subjects. All samples were obtained after a written
informed consent was received and the ethics committee at
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Figure 1. Expression profile of miRNAs in the first trimester maternal plasma in women who subsequently developed LOPE and uncomplicated
pregnancies: A. Scatter plot comparing the miRNA expression profile in LOPE cases and controls. B. Volcano plot. The green dots in the plot
represent the differentially expressed miRNAs with statistical significance (Fold Change >1.5 and p<0.05).



“Attikon” University Hospital approved the study protocol
(approval reference number: 27-268 ex 14/15).

Data analysis and statistics. The MATLAB® simulation
environment (The Mathworks, Inc, Natick, MA, USA) was applied
for statistical analysis. Differences in clinical characteristics
between the two groups were assessed using one-way ANOVA for
independent variables or the Mann-Whitney U-test for continuous
variables. Receiver operating characteristic (ROC) curves were
performed to evaluate the diagnostic potential of differentially
expressed miRNAs with 95% standard error (SE) and 95%
confidence intervals (CI).

miRNA enrichment, gene ontology and pathway analysis.
Differentially expressed miRNAs were further enriched and
analyzed for known functions using Webgestalt web-tool (17). The
TargetScan, PicTar and miRanda algorithms were applied in
combination to identify the potential target genes of differentially
expressed miRNAs. In the gene ontology analysis (GO), the number
of genes corresponding to GO entries namely Biological Process,

Molecular function and Cellular Component, were determined and
the enrichment score was reported as the -log (p-value). The data
obtained were uploaded into the Database for Annotation,
Visualization and Integrated Discovery (DAVID), version 6.7, a
database with integrated biological information and analytical
tools, for GO and pathway identification using the Kyoto
Encyclopedia of Genes and Genomes (KEGG) database.

Results

MicroRNA Differential Expression Profiles between PE
and the control group. A total of 1682 miRNAs were
identified in the first trimester maternal plasma using an
Illumina Next Generation Sequencing platform. Among
these, 387 were up-regulated, 95 down-regulated and 1200
demonstrated similar expression levels between the two
groups (Figure 1A). Statistical analysis revealed that two
miRNAs, namely miR-99b-5p and miR-23b-5p, showed
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Figure 2. Gene ontology (GO) categories enriched with predicted targets of miRNAs differentiating LOPE complicated pregnancies from controls.



significantly altered expression in the first trimester
maternal plasma of women at risk for LOPE as compared
to the control cohort. The significantly differentially
expressed miRNAs are presented in a Volcano plot
(Figure 1B). Both miRNAs were down-regulated; log2,
miR-99b-5p=–0.69 and log2, miR-23b-5p=–0.72 with p-
values 0.025 and 0.046, respectively. 

NGS data are available online on the Gene Expression
Omnibus (GEO) under the GEO accession number GSE119799.
Other raw data are available upon reasonable request.

miRNA enrichment, gene ontology and pathway analysis. A
total of 188 putative target mRNAs of the two differentially
expressed miRNAs were predicted using MiRanda,
TargetScan and PicT algorithms. In the GO analysis, the
number of genes corresponding to GO entries was
determined and the enrichment score was reported as the 
-log (p-value). The most enriched GO terms for biological
processes, molecular functions and cellular components are
presented in Figure 2.

Pathway analysis resulted in a list of 9 pathways with
significant enrichment for the predicted miRNA target genes
(Figure 3). These pathways include: Th17 cell differentiation
(has 04659, p=0.01); T cell receptor signaling pathway (has
04660, p=0.00046); Osteoclast differentiation (has 04380,
p=0.00091); Insulin signaling pathway (has 04910, p=0.019);
Insulin resistance (has 04931, p=0.011); Glycosaminoglycan
biosynthesis-heparan sulfate/heparin (has 00534, p=0.0006);
Glucagon signaling pathway (has 04922, p=0.011); EGFR

tyrosine kinase inhibitor resistance (has 01521, p=0.0065) and
Central carbon metabolism in cancer (has 05230, p=0.0045).

Verification of miRNAs expression levels using qRT-PCR.
Consistent with the sequencing data, qRT-PCR verified the
down-regulation of miR-23b-5p and miR-99b-5p in the first
trimester maternal plasma in women at risk for LOPE
(Figure 4). Both miRNAs were examined for their
performance in differentiating between LOPE and control
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Figure 3. Kyoto Encyclopedia of Genes and Genomes pathways enriched with annotated differentially expressed miRNAs (miR-23b and miR99b).

Figure 4. Comparative diagram between qRT-PCR miRNA expression
levels and miRNA deep sequencing data.



samples. The largest AUC was observed for miR-99b-5p
(AUC=0.55, p=0.33) (Figure 5).

Discussion

In the present study, miRNA deep sequencing in first trimester
maternal plasma samples was performed to identify candidate
biomarkers associated with the subsequent development of
LOPE and provide useful insights regarding pathways
associated with the initiation and the development of this
pregnancy related complication. In a previous study, we
documented differential expression of placental and circulating
miRNAs in PE highlighting a significant role of this epigenetic
mechanism in the pathogenesis of the complication (18). That
study was performed in placenta samples, thus limiting its
potential use in prenatal screening. However, circulating
miRNAs, which are obtained non-invasively or minimally
invasively, represent a source of novel biomarkers that may
improve current prenatal screening for PE. Ideally, biomarkers
should be able to foresee the disease as early as possible, in the
late first trimester when screening for fetal aneuploidies is also
performed, to ensure adequate monitoring of women at risk,
facilitate the development of preventive strategies and reduce
the prevalence and severity of the disease.

Presently, to the best of our knowledge, there are
comparatively limited reports focusing on identifying miRNA
signatures related to PE in maternal plasma early during
pregnancy using deep sequencing, which allows direct miRNA
quantification and possesses high sensitivity. In a recent study
by Timofeeva et al. (2018), miR-423-5 was identified as a
candidate biomarker for the early diagnosis of EOPE (19).
Yoffe et al. (2018) also investigated small non-coding RNAs

(ncRNAs), including miRNAs, in the first trimester maternal
plasma of 75 PE and control samples and identified 25
transcripts aberrantly expressed between the two groups (20).
These transcripts were then used to design a model for the
early prediction of PE with an average AUC value of 0.86.

In the present study, there was significant down-regulation
of miR-99b-5p and miR-23b-5p in first trimester maternal
plasma in women who later developed LOPE as compared
to uncomplicated pregnancies, suggesting the possible
involvement of these miRNAs in the pathogenesis of LOPE.
MiR-99b-5p is implicated in cell survival, proliferation, cell
stress, DNA damage and confers cardioprotection (21, 22).
Amara et al. (2019), administered Deoxycorticosterone
Acetate and 1% NaCl in uni-nephrectomized rats and
induced hypertension, cardiovascular and renal damage
characterized by decreased expression levels of
sarco/endoplasmic reticulum Ca2+-ATPase (SERCA2),
phosphate-AMP-activated protein kinase (p-AMPK), miR-
146a and miR-99b-5p and increased levels of miR-155 (22).
Interestingly, administration of high dose metformin, an
AMPK activator, improved cardiovascular and renal function
and restored the expression levels of miR-99b. Of note, miR-
99b-5p was again among the ncRNAs found differentially
expressed in maternal plasma samples of first trimester PE
pregnancies compared with uncomplicated ones (20).

To the best of our knowledge, there are no reports
describing the role of miR-23b-5p in LOPE. miR-23b-5p is
a member of the miR-23/27/24 cluster, encoded by a long
non-coding RNA transcript referred to as Chromosome 9
Open Reading Frame 3 (C9orf3). Mir-23b-5p regulates target
genes related to cell cycle control, proliferation,
differentiation and neovascularization (23-27). By targeting
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Figure 5. Receiver operating characteristic curves (ROC) of the differentially expressed miRNAs in LOPE as compared to uncomplicated pregnancies.
A. miR-23b-5p and, B. miR-99b-5p.



TAB2, TAB3 and IKK-alpha, miR23b-5p also controls the
production of cytokines and growth factors that may lead to
vascular damage (28). Additionally, Zhou et al. (2009, 2010
and 2018) demonstrated that it is implicated in angiogenesis
(29-32). In PE, unbalanced differentiation between TH17
subtypes has been reported as a result of expansion of TH17
and TH1 cell populations and decreased regulatory T-cell
immunity. Nevertheless, no direct link between miR-23b-5p
expression levels and the pathogenesis of this pregnancy
related complication has yet been documented. 

KEGG pathway enrichment analysis revealed that putative
targets of the differentially expressed miRNAs have a
considerable impact in signaling pathways known to be
associated with PE including immune response and insulin
resistance. Insulin resistance is an essential pathogenic factor
for both PE and gestational diabetes mellitus. In women,
who develop preeclampsia increase in maternal insulin
resistance is apparent from the first trimester of pregnancy
and precedes the clinical onset of the disease (33). According
to Founds et al. (2011), insulin resistance positively
correlates with inflammation (34). Furthermore, insulin
resistance and endothelial dysfunction represent early events
in individuals at high risk of developing cardiovascular
disease later in life (35). The Epidermal Growth Factor
Receptor (EGFR) signaling, which is related to fetal growth
restriction, gestational trophoblastic diseases and PE was
found significantly enriched in the present study (36). Hastie
et al. (2019) showed simultaneous targeting of both EGFR
signaling and mitochondrial function using a combination of
esomeprazole and metformin results in additive reductions
in sFlt-1 production suggesting their use as preventive
therapeutic interventions for PE (36).

Conclusively, our findings provided significant insights
into the role of two miRNAs that could serve as biomarkers
for LOPE. Specifically, following deep sequencing for
miRNA plasma profiling, there was good evidence to suggest
that miR-23b-5p and miR-99b-5p might be putative
prognostic biomarkers for prenatal screening and might also
guide the development of novel therapeutic interventions.
Yet, further studies using larger heterogeneous cohorts are
required to validate the data obtained and establish the
performance of both miRNAs in predicting LOPE. 
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