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Abstract. Pre-eclampsia (PE), a pregnancy complication, is a
leading cause of maternal and fetal morbidity and mortality.
Although its exact etiology and pathogenesis remain elusive,
PE results from an interaction of inherited and non-inherited
factors. The clinical symptoms of PE appear post-mid-stage
of gestation and, at present, there are no early signs/markers
for its onset and progression. MicroRNAs function as gene
regulators, and are involved in development and pathology. A
burgeoning number of studies have highlighted microRNAs
as potential biomarkers for minimal invasive assessment.
However, it remains a matter of debate as to which microRNA
type is involved in PE onset and progression, as well as the
clinical utility of testing for these species. In the present review,
we have summarized the latest findings on the association of
PE with the aberrant expression of placental microRNAs; in
particular, those that are detectable in the blood. The current
understanding of the mechanisms of microRNA-target gene
interactions that underpin the involvement of microRNAs in
the pathogenesis of PE is also discussed.
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1. An overview of pre-eclampsia (PE)

PE, a pregnancy-associated multisystem disorder, is defined by
hypertension, proteinuria and other systemic disturbances in the
last trimester of pregnancy, during labor, or shortly following
delivery, affecting ~3-8% of pregnancies worldwide (1).
The International Society for the Study of Hypertension in
Pregnancy (2) classifies PE as: i) mild PE, with a maternal
systolic blood pressure of =140 mmHg and/or diastolic blood
pressure of 290 mmHg on two occasions separated by 6 h,
and significant proteinuria (=300 mg protein in a 24-h urine
specimen, or =1+ by dipstick) after 20 weeks of gestation; or
ii) severe PE, where either severe hypertension (systolic blood
pressure of =160 mmHg and/or diastolic blood pressure of
=110 mmHg on at least two occasions 6 h apart) plus mild
proteinuria or mild hypertension plus severe proteinuria
(=2 g/24 h, or =2+ by dipstick). Several modifiable and
non-modifiable factors were documented for increasing the
risk of PE. These include first pregnancy, pre-existing diabetes
mellitus and insulin resistance, a high body mass index prior
to pregnancy, advanced maternal age, renal disease and
hypertension (3).

Molecular mechanisms and pathogenesis of PE. PE is termed
‘the disease of theories’ due to its elusive origin, which is
considered to be multifactorial. The clinical manifestations
of PE, i.e. the defining lines of the disease, represent the last
stage of PE, which begins in the early stages of gestation (4). In
general, vascular homeostasis, along with placental and fetal
development, is disturbed in PE. The placenta is a key organ
involved in pathogenesis, as its removal attenuates the clinical
manifestation of PE. Genetic and epigenetic pathways were
reported to induce alterations in the placental transcriptome in
PE (5). Observational data have supported the association of PE
with endothelial dysfunction, including vasoconstriction and
end-organ ischemia (4). For example, circulating and placental
levels of soluble fms-like tyrosine kinase-1 (sFlt-1) and soluble
endoglin (sEng) are raised in women with PE compared with
women experiencing a normal pregnancy (5). sFlt-1 and sEng
are anti-angiogenic proteins, which antagonize proangiogenic
factors, including vascular endothelial growth factor (VEGF)
and placental growth factor, thereby resulting in inadequate
placental vascular development (5).

In addition, hypoxia is considered a key determinant of the
risk of PE, highlighted by a significant rise in protein levels of
hypoxia-inducible factor (HIF) in the placenta of women with
PE (6). The restriction of placental perfusion in several animal
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species has resulted in PE-like illness (7), and oxidative stress is
central to stimulating the release of cytokines, anti-angiogenic
factors and related linkers. Systemic inflammatory responses
and endothelial dysfunction in a number of organ systems,
including the vasculature, kidney, liver, and so on, was
eventually observed in women with PE (5,6). This suggested
that a search for a diagnostic, as well as a therapeutic, pathway
for PE requires a thorough assessment of these multiple
pathways.

2. MicroRNAs (miRNAs)

MiRNAs are regulatory RNAs, 21-23 nucleotides long,
which were identified initially in Caenorhabditis elegans
in 1993 (8). They are involved in the transcriptional and
post-transcriptional regulation of gene expression, and
reportedly exert an important role in biological pathways,
including cell development, cell differentiation, regulation of
cell cycle, metabolism and apoptosis (9). The human genome
encodes >1,000 miRNA species, and appears to target 60% of
the genes of humans and other mammals (10).

Biogenesis. miRNAs represent a conserved group of nucleotide
regulatory RNAs that are involved in multiple pathways (11).
miRNAs contribute to the regulatory network by the
complementary binding of their ‘seed sequences’ to targets
in the 3'-untranslated region (3'-UTR) of mRNAs (Fig 1).
Most miRNAs are involved in regulating the translation
of a large number of different mRNAs, with each mRNA
possessing multiple binding sites for single or several different
miRNAs (12). The most up-to-date comprehensive miRNA
database, miRBase, lists 2,578 human mature miRNAs
and 1,872 precursors (12).

Role of miRNA in disease. Dysregulation of the expression
of miRNAs is associated with several diseases, including
diabetes mellitus (13), neurodegeneration, rheumatoid arthritis,
gastrointestinal diseases and cancer (9). A burgeoning number
of studies have suggested a close link between the disrupted
expression of miRNAs and adverse pregnancy complications,
including early spontaneous miscarriage (14).

Biochemistry of miRNAs. Tissue- and disease-specific
miRNA expression profiles are more discriminatory and
stable compared with total mRNA profiles. The biological
effectiveness of specific mRNAs resides in their subsequent
translation into specific proteins, contrasting with miRNAs,
which act as the key regulators of multiple genes; therefore,
miRNAs reflect more accurately the altered physiology.
Moreover, circulating miRNAs appear to be resistant to
endogenous ribonuclease activity, and are therefore fairly
stable (15). miRNAs have been demonstrated to be ten times
more stable compared with mRNA, the half-life of which is
~10 h (16). The turnover trend of miRNAs, as determined
according to a mathematical model, yielded an average
miRNA half-life of 119 h, with certain miRNAs, for example,
miR-125b (half-life, 225 h), being more persistent compared
with others (16). This is likely to be due to their intrinsic
structural features, presented in particulate form when
associated with exosomes (Fig 1), or in the soluble form when
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complexed with RNA-binding proteins, such as argonaute 2,
or with high-density lipoproteins (17).

Recent advances in polymerase chain reaction (PCR)-based
detection methods, such as singleplex real-time quantitative
(RT-q)PCR or high-throughput RT-qPCR platforms, has
ensured that the quantitative analysis of miRNAs from tissue
specimens and plasma/serum has become easier and more
precise (Fig. 1) (18). This highlights the ease of exploiting
miRNAs as biomarkers, for the development of practicable
detection methods for numerous diseases.

Despite the importance of miRNAs as regulators of gene
expression, studies which have implicated an altered miRNA
expression in obstetrics and gynecology have been limited in
scope and number, and the majority of published studies have
focused on an association with ovarian (19) or uterine (20)
cancers. At present, the link between miRNAs and PE has
been addressed by only a few studies. The current review
summarizes the state of knowledge pertaining to the role
of miRNAs in the pathophysiology of PE, and the possible
implications of this association, namely early diagnosis, are
discussed.

3. Placenta-specific miRNAs

Concerning normal human placenta, the expression of
>600 miRNAs belonging to the clusters, chromosome 19
miRNA cluster (CI9MC), C14MC and miR-371-3, exhibiting
gestational-age dependent changes in their expression has
been identified (21). A previous report has demonstrated that
the placental miRNome predominantly comprises miRNAs
belonging to C14MC in the first trimester, and miRNAs from
CI9MC in the third trimester (22). In particular, C14MC
miRNAs are imprinted from the maternal chromosome
and C19MC miRNAs are imprinted from the paternal
chromosome, both considered to exert important roles in the
regulation of cellular differentiation and immunomodulation
during pregnancy (22).

C14MC, the largest miRNA cluster comprising 52 miRNA
genes, is preserved without major structural changes and is
uniquely identified in placental mammals (23). This suggests
an important role for C14MC miRNAs in controlling
neurogenesis, embryonic development, transcriptional
regulation and RNA metabolism (23).

The CI9MC cluster, comprising 46 miRNA genes,
is implicated for its important role in human embryonic
development, similarly to genes such as insulin-like growth
factor 2 (24). Notably, several of the miRNAs from the
C19MC cluster have been detected in the maternal circulation
throughout gestation, including miR-515-3p, miR-516-5p,
miR-517a, miR-517¢, miR-518b, miR-520a*, miR-520 h,
miR-526a and miR-526b (25). Thus, maternal circulating
miRNAs may have the potential to be novel diagnostic tools
for pregnancy disorders.

The miR-371-3 cluster consists predominantly of three
miRNAs, hsa-miR-371-5p, hsa-miR-372 and hsa-miR-373-5p,
and is also located on chromosome 19. This cluster is
predominantly expressed in the placenta, and the levels of
its miRNAs decrease during development (10), and therefore
would appear to be essential for cell cycle maintenance and
regulation of proliferation and apoptosis. In addition, miRNAs
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Figure 1. miRNA biogenesis and function. miRNAs are transcribed by RNA polymerase II as Pri-miRNAs (1), which are cleaved by Drosha into Pre-miRNAs
almost 70 nucleotides in length (2), prior to being exported from the nucleus into the cytoplasm via an exportin-5/Ran GTP complex (3). Further processing by
the RNAse I1I, Dicer, generates mature miRNA-miRNA duplexes (4). One of the strands of mature miRNA is incorporated into RISC (5), and together they
interact with the 3'UTR of the target mRNA (6), leading to either transcript degradation (miRNA: mRNA full complementarity) (7a) or translational repression
(miRNA: mRNA partial complementarity) (7b). Mature miRNA duplexes have the tendency to escape cells enclosed in vesicles-exosomes (8), which move
to the other cells or are present in the peripheral fluids and can be easily detected by using advanced techniques (9), increasing their scope in diagnosis and
allowing early therapeutic intervention (10,11). miRNA, microRNA; qT-PCR, real-time quantitative polymerase chain reaction; RISC, RNA-induced silencing

complex; 3'UTR, 3'-untranslated.

from the miR-17-92 cluster have also been observed to be
expressed in normotensive term placentas. These miRNAs
are important for angiogenesis, affecting the expression of
numerous genes, namely HIF1A, interleukin 8, tissue inhibitor
of metalloproteinase 2, matrix metallopeptidase 2, VEGFA,
ephrin-B and ephrin receptor B4 (21).

The abundant expression of miRNAs (359 miRNAs)
in amniotic fluid has been documented, comprising
predominantly those involved in maintaining embryonic
development and several immunity-related processes, thereby
protecting the fetus from foreign pathogens and the maternal
host immune response (26).

4. Differential expression of miRNAs in PE

Recognition of the importance of miRNAs to the development
of PE is a relatively recent phenomenon, dating to 2007,
when the first study on the possible association of altered
placental miRNA expression with PE was published (27).
Subsequent studies have reported detection of miRNA
species, predominantly in placental tissues (Table I) (28-32),
and more recently, in circulating fluids, such as
serum/plasma (Table II) (30,31,33-35). These studies allowed
the identification of miRNAs with a minimal overlapping
pattern. For example, certain miRNAs, including miR-210,
miR-155, miR-196, miR-195, miR-26 and miR-181a, were
upregulated (27,28,30,31,35-37), whereas others, including
miR-144 and miR-223, were downregulated (30,33,37).

Contradictory data concerning the regulation of other miRNAs
in PE were also reported. Furthermore, the upregulation of
miR-195 in placentas from severe PE pregnancies (36), as well
as downregulation of its expression, were reported (31,37).

It is clear that miRNAs exert an essential role in regulation,
as alterations in their expression may result in the dysregulation
of several processes, including antiapoptotic survival (27),
innate/adaptive immunity (27,28), cell cycle regulation,
adhesion and migration (28). This was exemplified by the
findings that overexpression of miR-182, miR-182", miR-155
and miR-210 was associated with increased apoptosis in the
placentas of patients with PE, an abnormal immune response
and angiogenesis (27). Mice with deficient miRNA exhibited
inappropriate angiogenesis, resulting in embryotoxicity (38).
In addition, miRNAs may influence signal transduction
events (36), vascular remodeling and angiogenesis (21),
particularly in cancer metastasis (39), calcium and lipid
metabolism (27) and organ/system development (36).

Placental versus circulating miRNAs in PE. Heterogeneity
in the sample type, including the placenta (Table I) (27,32),
serum (34,35) and plasma (Table II) (30,31), yielded often
contradictory findings. This was exemplified by a previous
study, which examined miRNA profiles in severe PE in
different placenta sites, and in maternal plasma obtained at
15-18 and 35-38 weeks of gestation (31). In placental specimens,
a total of seven miRNAs, comprising miR-210, miR-30a-3p,
miR-518b, miR-524, miR-17-3p, miR-151 and miR-193b were
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Table I. Differentially expressed miRNAs in pre-eclamptic placentas.
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Study Initial
population pool Upregulated Downregulated Reference
African-American 157 miR-210, miR-155, miR-181b, - 227
miR-182, miR-200b, miR-154,
miR-183
Chinese 677  miR-16, miR-29b, miR-195, - (36)
miR-26b, miR-181, miR-335,
miR-222, miR-210
Caucasian American 180 miR-181a, miR-584, miR-30a-3p, miR-101, miR-10b, miR-218, miR-590, (37
miR-210, miR-152, miR-517, miR-204, miR-32, miR-126, miR-18a,
miR-518b, miR-519e, miR-638, miR-19a, miR-411, miR-377, miR-154,
miR-296, miR-362 miR-625, miR-144, miR-195, miR-150,
miR-1, miR-18b, miR-363, miR-342-3p,
miR-450, miR-223, miR-374
Chinese 7 miR-155 - (32)
Caucasian American 611 miR-210 miR-328, miR-miR-584, miR-139-5p, miR-500, (28)
miR-1247, miR-34c¢-5p, miR-1
Caucasian American 820 miR-493 miR-15b, miR-181a, miR -210, miR-483-5p, 29)

miR-200c, miR-296

The table lists miRs expressed in plasma/sera, as reported in different studies. miR, microRNA.

upregulated, whereas nine miRNAs, comprising miR-195,
miR-223, miR-218, miR-17, miR-18a, miR-196bl, miR-92al,
miR-379 and miR-411, were downregulated (31). However,
circulating levels of miR-18a, miR-92al and miR-92bl were
markedly lower, whereas that of miR-210 was higher in
patients with severe PE at 15-18 gestational weeks, and at term
when the plasma was assayed (31).

In addition, differential localization of miRNAs throughout
the placenta was reported, as miR-210, miR-518b, miR-524,
miR-151 and miR-519e-5p were detected in the basal plate
and miR-125, miR-92al and miR-379 were expressed in the
chorionic plate of placenta (31). This suggests that differences in
the sample source may result in differential, and even opposite,
results in miRNA profiling (31). The aberrantly expressed
miRNAs in this study were linked with modulating trophoblast
cell invasion, namely transforming growth factor-2 signaling
via the repression of Smad2/Smad6/Smad7/Smad4/Smad5
expression, resulting in abnormal placentation.

The placental tissues analyzed in the above-mentioned
studies were obtained post-delivery, thereby questioning the
exact status of miRNA expression throughout pregnancy. In
view of the shortcomings associated with placental sampling, a
shift to non-invasive sources of miRNA, including circulating
fluids, was suggested (31,33-35).

Role of the severity of PE and onset time. Differential miRNA
expression appears to be affected by PE severity, i.e. mild and
severe. The differential expression of 51 miRNA species were
previously documented, of which 22 were upregulated and five
were downregulated in plasma from patients with severe PE,
compared with 33 upregulated and six downregulated miRNAs

in cases of mild PE (33). Notably, miR-141 and miR-29a were
markedly overexpressed in mild PE, whereas miR-144 was
underexpressed in mild and severe PE (33). miR-141 was
identified as a placenta-specific miRNA (33), miR-144 as a
regulator of placental ischemia and hypoxia (40), and miR-29a
as a tumor suppressor or promoter (41) in different tumors. In
addition, the aberrant expression of miR-29a has previously
been observed in diabetes (13) and Alzheimer's disease (42).

The onset time of PE is also an important contributor to
miRNA activity. Previous studies reported the dysregulation
of 22 (43), 15 (30) and 51 (33) miRNAs in the serum/plasma
of women with PE pregnancies in the advanced stage of
gestation (third trimester). A more recently published study
revealed modest differences in the expression levels of
miRNAs in subjects with PE vs. normal pregnancies at the
first trimester (34). Of the 754 miRNAs analyzed in pooled
sera, 63 were consistently detected in the sera from PE and
control subjects, of which 15 miRNAs were differentially
expressed with a small fold change (34). Open array profiling
confirmed the over-representation of miR-143, miR-125b and
miR-192, and the under-representation of miR-126, miR-127,
miR-221 and miR-942 in the serum.

Functionally, the miRNAs detected by Luque ez al (34) were
multipurpose in nature, are were implicated in angiogenesis
(miR-125b, miR-143 and miR-942), inflammation (miR-126,
miR-127, miR-192 and miR-221) (44), hypoxia/ischemia
(miR-127) and cell migration/remodeling (miR-125b, miR-143
and miR-127) (30), rather than being more pregnancy-specific.
This suggested a lack of miRNA discriminatory power
during the early, preclinical phase of PE, which may be an
outcome of the own etiology of the disease, i.e. the appearance
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Table II. Differentially expressed miRNAs in pre-eclamptic circulating fluids.
Study Initial
population Source pool Upregulated Downregulated Reference
Chinese Plasma 821 miR-574-5p, miR-26a, miR-151-3p, miR-144, miR-16 (30)
miR-130a, miR-181a, miR-130b,
miR-30d, miR-145, miR-103, miR-425,
miR-221, miR-342-3p, miR-24, miR-210
Chinese Plasma - miR-519d, miR-517b, miR-19a, miR-10a, miR-19a, miR- (33)
miR-517c, miR-18a, miR-210, miR-221, 144, miR-19b,
miR-101, miR-26b, miR-521, miR-378, miR-25, miR-451,
miR-519a, miR-520h, miR-125b, miR- miR-15b, miR-223,
125a-5p, miR-114, miR-29a, miR-144*, miR-320c, miR-185,
miR-15b*, miR-182, miR-29¢c, miR-30a, miR-107, Let-7f
miR-518c, miR-27a, miR-24, miR-519¢,
miR-130a, miR-515-3p, miR-299a-5p,
miR-518b, miR-23a, miR-23b, miR-34a,
miR-424, miR-525-3p, miR-199a-5p,
miR-100, miR-29b, miR-99a, miR-21,
miR-145, miR-512-5p, miR-30b
Chinese Plasma 184 miR-210 miR-18a, miR-19b1, 31)
miR-92al
Mixed Sera 63 miR-143, miR-125b, miR-192 miR-126, miR-127, (34)
population miR-221, miR-942
Caucasian Sera 754 miR-1233, miR-650, miR-520a, miR-215, miR-126, miR-335, (35)

miR-210, miR-25, miR-518b,
miR-193a-3p, miR-32, miR-204,
miR-296-5p, miR-152

miR-44, miR-204,
miR-668, miR-376a,
miR-15b

The table lists miRs expressed in plasma/sera, as reported in different studies. miR, microRNA.

of miRNAs in the circulation is a relatively late event in PE
development (34).

The negative correlation was noted between the levels
of miR-942 and maternal arterial pressure, and between the
levels of miR-143 and the uterine artery Doppler pulsatility
index (34). This was in agreement with an earlier study (30),
which documented a role for miRNA-143 in the regulation of
blood pressure and vascular function, highlighting the utility
of miRNAs as prognostic markers.

Another study along similar lines in Caucasians
demonstrated the differential expression of miRNAs in
serum samples from an early gestation stage (12-14 weeks) of
pregnant women who later developed severe PE in the third
trimester (35). A total of 19 mature miRNAs appeared to be
differentially expressed, including 12 upregulated (miR-1233,
miR-650, miR-520a, miR-215, miR-210, miR-25, miR-518b,
miR-193a-3p, miR-32, miR-204, miR-296-5p and miR-152) and
seven downregulated (miR-126, miR-335, miR-144, miR-204,
miR-668, miR-376a and miR-15b) miRNAs (35). RT-qPCR
validated four miRNAs (miR-1233, miR-520a, miR-210
and miR-144), revealing a fold change of >3, with miR-1233
exhibiting a fold change of >5 between a group of women
who developed severe PE compared with a group of women
with normotensive pregnancies. Notably, the differentially

expressed miRNAs in that study were implicated in different
types of cancer, for example, miR-1233 has already been
detected in renal carcinoma (45), miR-650 has been implicated
in hepatocellular carcinoma (46), and miR-215 and miR-204
have been implicated in metastatic renal cell carcinoma.
This clearly suggested a pro-malignancy-like signature of
circulating miRNAs in women who develop severe PE at a
later stage.

Evidence of placental leakage of miRNAs into the
circulation during PE prompted speculation of whether
miRNAs could be reliable biomarkers in the timely diagnosis
of PE (47). Insofar as the placenta and tumors constitute the
primary source of RNA-containing exosomes, the placental
miRNAs originating from villous trophoblasts present as
placenta-derived exosomes may be detected in the plasma (48).
Previously, a research group profiled 377 human miRNAs
in placental tissue and the plasma, and 315 of them were
observed to be expressed in the placenta, with 286 detectable
in the plasma (11).

Effect of ethnic background and technical aspects. Differential
expression of miRNAs with a minimum overlap within the
studies reported above has been observed, thereby expanding
the spectrum of miRNAs implicated in the pathogenesis of
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PE. Such discrepancies can be attributed to the heterogeneity
in the ethnic background of study subjects (Tables I and II),
as the majority of the reported studies were performed on
Chinese populations (30-33,36), whereas the others involved
African-American (27), Caucasian American (29), other
Caucasian (35) and mixed population (34) subjects.
Variations in the techniques used in miRNA profiling are also
considered to be a factor contributing towards inconsistencies
in the PE-specific expression of miRNAs. Where certain
studies have been performed using RT-qPCR (34), others have
utilized high-throughput techniques, such as microarrays (30),
and more sophisticated techniques, such as next-generation
sequencing (43). A major variability between studies was also
observed in statistical methods used for detecting differentially
expressed genes. In certain of the studies, an inadequacy in the
statistical procedures used was observed, whereas others were
not using stringent enough statistical criteria. Whereas certain
studies reported only miRNAs with a marked differential
expression of a >2-fold change (27,36), others exercised a
greater leniency, including in their analyses miRNAs with a
marked expression of only 1.5-fold changes (28,31). Other
factors which may contribute include the difference in the study
sizes, which have been relatively small in the majority of cases,
or different definitions of PE used for patient inclusion criteria.

5. Prognostic value of miRNA in PE

It is interesting to observe that in PE, thus far, almost
120 miRNAs have been reported to be dysregulated, and none
of the two independent studies discussed above have revealed a
complete overlapping of the miRNA panel. It is only miR-210
that has been observed in the majority of the studies taken
into consideration in the present review, which indicates its
importance in normal placentation. miRNA-210 constitutes one
of the hypoxia-associated miRNAs (‘hypoxamiRs’) upregulated
by hypoxia (6), and its consistently aberrant expression in PE
makes it a potential serum biomarker for PE (31).

miR-210 has been associated with events integral to the
pathogenesis of PE, including the endothelial cell response to
hypoxia, formation of capillary-like structures, VEGF-driven
cell migration, cell differentiation and survival (28).
Upregulation of miR-210 is correlated with the inhibition of
migration and the invasive capability of trophoblasts, and is
also linked to induction of the activity of several intracellular
transcription factors, including nuclear factor-xB p50 (49).
More recently, a study on placentas from healthy pregnant
individuals and patients with PE has demonstrated that
the aberrant expression of miR-210 may contribute to the
occurrence of PE by regulating trophoblast cell invasion via
targeting potassium channel modulatory factor-1-mediated
signaling in the human placenta (50). Along with miR-210, the
aberrant expression of two more miRNAs has been observed
in the majority of the studies on PE, and has been suggested to
have prognostic value, namely miR-518c (51) and miR-155 (32).

In silico and in vivo studies have demonstrated that the
upregulated expression of miR-518c, along with that of
miR-210, target and dysregulate the post-transcription of 17-f3
hydroxysteroid dehydrogenase 1 (HSD17B1), a placental
steriodogenetic enzyme (51). High plasma levels of HSD17B1
observed in women with PE are advantageous, as the enzyme
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is expected to be derived almost exclusively from the placenta.
In vitro studies on BeWo and JEG-3 cells demonstrated
upregulation of miR-518c and miR-210 compared with
decreased mRNA levels of HSDI17BI following exposure to
hypoxia, confirming the miRNA-mediated dysregulation of
HSDI7BI1 expression (51).

Similarly, overexpression of miR-155 was reported to
downregulate cysteine-rich angiogenic inducer 61 (CYR6I),
a stress gene expressed by vascular cells and trophoblasts and
implicated in cell migration, proliferation, differentiation and
adhesion in the placenta of women with PE (32). CYR6I is an
important early angiogenic regulating factor during pregnancy,
which induces the expression of VEGF, and its 3'-UTR was
validated as the target of miR-155 (32). miR-155 appears to
control the stability of CYR61 mRNA, and consequently
its level of expression thus directly links local ischemia and
oxidative stress.

6. An hypothesis bridging miRNAs with PE

At present, a large number of studies have documented
compelling evidence of aberrantly expressed miRNAs as
characteristic phenomena of established PE. A general
hypothesis may be drawn that the dysregulated expression
of miRNAs observed in PE has a reciprocal effect on their
potential target genes, thus curbing or elevating their normal
function. Therefore, all the events that occur normally in
placental development, as a result of the aberrant expression
of miRNAs, now occur abnormally, resulting in impaired
cytotrophoblast differentiation and apoptosis, incomplete
spiral artery invasion and decreased blood flow to and from
the placenta. Trophoblast necrosis releases cell fragments
into the maternal bloodstream, which ultimately triggers a
systemic immunological response and oxidative stress in the
placenta (52).

Furthermore, certain of the miRNAs among the population
of dysregulated ones recorded in PE are not only specific for
the placenta, but are also part of a number of other organ
systems, including the liver, brain, immune system and, most
importantly, the kidney. Therefore, any dysregulation of these
miRNAs may affect the normal function of target genes in
the placenta, as well as in other systems. This explains why
PE is considered to be a multisystem disorder. The stepwise
mechanism of action that links miRNAs with PE has yet to
be fully elucidated, and thus it is necessary to identify the
mechanisms of action for all the miRNAs that account for
the occurrence of PE, in order to have a clear and detailed
understanding of the pathogenesis of the disease.

7. Conclusion

The exact pathogenesis of PE remains incompletely understood.
The identification of miRNAs that are reproducibly detected in
tissues and circulating fluids suggest their utility as biomarkers.
The majority of the differential expression profiles of miRNAs
identified in the placenta in cases of PE correlates with those
from maternal plasma/sera, demonstrating their prognostic
value in PE. However, larger and prospective cohort studies on
varied populations are required for the thorough assessment
of the contribution of miRNAs to PE. Functional studies,



including in vitro and in vivo approaches, are warranted
to comprehensively elucidate the role of the PE-associated
miRNAs in the onset and/or progression of PE. Additionally,
it is necessary to delineate the pathways by means of which
certain dysregulated miRNAs are able to detrimentally affect
a given biological process, and to investigate such pathways
with a view to the opportunities they afford for therapeutic
intervention in PE.
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