The emerging role of microRNA-based therapeutics in the treatment of preeclampsia
Sushmaa Chandralekha Selvakumar !, K Auxzilia Preethi !, Kehinde Ross 2, Durairaj Sekar *
Affiliations

'RNA Biology Lab, Saveetha Dental College & Hospitals, Saveetha Institute of Medical &

Technical Sciences (SIMATS), Saveetha University, Chennai 600077, India.

2School of Pharmacy and Biomolecular Sciences, Liverpool John Moores University, United

Kingdom.

SRNA Biology Lab, Saveetha Dental College & Hospitals, Saveetha Institute of Medical &
Technical Sciences (SIMATS), Saveetha University, Chennai 600077, India. Electronic

address: duraimku@gmail.com.



Abstract

Preeclampsia (PE) is a pregnancy complication that is often diagnosed due to elevated blood
pressure and proteinuria. Though current research focuses on the identification of novel
biomarkers and therapeutic targets, still, there is a lack of clinical validation for the use of
biomarkers and therapeutic targets for early diagnosis and treatment of PE. Several molecules
are being studied for their potential role in PE. Among them, microRNAs are studied vastly for
their role in the diagnosis, prognosis, and treatment of PE. But only a few studies are focused
on the therapeutic efficacy of miRNAs in PE. Thus, the relevant articles were identified and
discussed in this review. These studies provide evidence that miRNAs are indeed important
molecules in PE that have the role of both therapeutic targets and therapeutic molecules.
However, the studies are limited to in vivo an in vitro models, hence further studies are required
to validate the complete potential of miRNA therapeutics. Long non-coding RNA (IncRNA)
sponges, miRNA mimics, miRNA inhibitors, exosome-associated miRNAs, and several other
molecules have been studied as miRNA-based therapeutics in PE. Thus, miRNAs are
postulated to be potential therapeutic targets and miRNA-based therapeutics might pave the

way for novel therapeutic approaches for PE.
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1. Introduction

Preeclampsia (PE) is a type of hypertension occurring during pregnancy that is characterized
by elevated blood pressure (systolic > 140 mmHg and diastolic > 90 mmHg) and proteinuria
(> 300 mg/24 hr). Around 3-5% of pregnancies worldwide are affected by PE, leading to
42,000 deaths annually [1-3]. PE is associated with multiple end-organ dysfunction after 20
weeks of gestation with high blood pressure and proteinuria. Placenta, kidney, liver, lungs, and
brain are the main organs affected due to PE. The diagnosis of PE is made based on the criteria
established by the International Society for the Study of Hypertension in Pregnancy (ISSHP),
which involves maternal age, nulliparity, multifetal pregnancy, diabetes, hypertension,
antiphospholipid syndrome, body mass index (BMI), previous stillbirth, and chronic kidney
diseases are all risk factors for PE [4,5]. Usually, PE is diagnosed in the 20™ week of pregnancy,
but there are also cases of early-onset preeclampsia (EOPE) and late-onset preeclampsia
(LOPE). In general, EOPE occurs prior to the 34™ week of pregnancy and has a high probability
of fetal mortality and LOPE occurs after the 34™ week of pregnancy and is associated with the

maternal disorder [1-5].

The pathogenesis of PE is influenced by the intricate interplay of altered trophoblast invasion,
compromised placental function, endothelial dysfunction, and systemic inflammation. Thus, to
reduce the impact of trophoblast malfunction and enhance maternal and foetal outcomes in

preeclampsia, it is essential to understand these pathways [6-10].

The treatment for PE is limited, since PE often results in fetal uterine growth restriction and
placental abruption, leading to early delivery which has a high chance of stillbirth. Though
methyldopa and labetalol are used as temporary drugs to control blood pressure, they have

undesirable side effects and there are no alternative treatment methods for PE [11]. Hence



limitations in the diagnosis and treatment of PE make the need for research on alternative

methods significant.

Interestingly, several biomarkers and therapeutic targets are being studied for their potential
role in the diagnosis, prognosis, and treatment of PE. Among them, microRNAs (miRNAs,
miRs) are a class of short non-coding RNAs (18 to 25 base pairs) which are capable of
manipulating various druggable signaling pathways by targeting the 3" UTR of the target
mRNA [12]. Thus, miRNAs are postulated to be potential therapeutic targets in multiple
diseases, including PE [13-15]. Interestingly, miRNAs are easily detectable in bodily fluids
such as blood, urine and saliva, which makes them suitable biomarkers for early diagnosis and
prognosis of PE [16-18]. Though miRNAs have been extensively studied for their potential
role in the disease pathogenesis of PE, only a few studies have explored their role as therapeutic
targets. Importantly, long non-coding RNAs (IncRNAs) can serve as competing endogenous
RNAs that bind to miRNAs to regulate their function. Notably, exosomes and other small
molecules can also influence miRNA function. Hence this review focuses on the role of
miRNAs as therapeutic targets in PE, and highlights contributions from IncRNA and small

molecules that may also be significant in the context of PE.

2. MicroRNAs and their biogenesis

Several miRNAs are being investigated for their potential role in the diagnosis, prognosis, and
treatment of PE. These miRNAs emerge in the nucleus and reach the cytoplasm through the
biogenesis that follows canonical and non-canonical routes [19-21]. In the canonical pathway,
the miRNA gene in the nucleus is transcribed into primary miRNA (pri-miRNA) which is
processed into precursor miRNA (pre-miRNA) by the microprocessor enzyme complex
consisting of Drosha and DiGeorge syndrome critical region 8 (DGCRS). The pre-miRNA is

transported to the cytoplasm by Exportin 5 and RAN GTP. This pre-miRNA forms the miRNA



duplex with the help of Dicer which cleaves the loop of the pre-miRNA to yield the mature
miRNA duplex. This mature miRNA is loaded into Argonaute (AGO) proteins, especially
AGO?2 to form the RNA-inducing silencer complex (RISC). The RISC binds to the target
mRNA and hinders expression through mechanisms that span mRNA degradation and

translational repression [22,23].

Non-canonical miRNA biogenesis pathways involve Drosha/DGCRS8-independent and Dicer-
independent pathways. The mirtron pathway was the first non-canonical pathway to be found.
The Drosha/DGCRS complex in the nucleus is not required by this alternative pathway, which
uses spliceosomes and debranching enzymes in the nucleus to process intronic miRNAs to
create pre-miRNA hairpins. Exportin-5 then exports the pre-miRNA hairpin to the cytoplasm
where Dicer will cleave it. As a result, the canonical miRNA pathway and the mirtron pathway
merge at the Exportin-5-bound transport stage, bypassing or replacing microprocessor
processing [22,23]. In some cases, pre-miRNAs are too short to be dicer substrates and
generation of these dicer-independent miRNAs therefore relies on loading of the entire pre-
miRNA into AGO2. Initial processing occurs on the 3p strand under the control of AGO2,
while their maturation is finished by the 3'-5' trimming of the 5p strand. Figure 1 represents

the biogenesis of miRNAs.

3. MicroRNAs in the treatment of Preeclampsia

Though current research focuses on the identification of novel biomarkers and therapeutic
targets, still, there is a lack of clinical validation for the use of biomarkers and therapeutic
targets for early diagnosis and treatment of PE. Figure 2 represents the potential therapeutic

approaches using miRNA-based therapeutics in preeclampsia.

3.1.MicroRNA mimics and microRNA inhibitors in the treatment of PE



New treatment options for diseases that are currently challenging to treat with conventional
methods have been made possible by the development of oligonucleotide therapies such as
miRNA mimics and inhibitors. In cases where depletion of endogenous miRNAs contributes
to pathogenesis, miRNA mimics can be used to boost the concentration of a particular miRNA
in cells, which can then suppress the expression of a target gene. On the other hand, endogenous
miRNAs are specifically targeted and inhibited by miRNA inhibitors. They can be used to
lower cellular concentrations of particular miRNAs, which can boost the expression of target
genes [24,25]. Hence, miRNA inhibitors can be used to reduce the levels of upregulated
miRNAs in PE, miRNA mimics can be used to increase the levels of specific miRNAs that are
downregulated in this condition. In preclinical studies, miRNA mimics and inhibitors both

demonstrated promising outcomes as potential treatment options for PE.

In a study by Han ef al. in 2020, miR-210 was studied for its potential role in inhibiting
apoptosis of cranial nerves via TGF-f signaling. Since miR-210 has been proven to be
significantly involved in PE, the study focused on using miR-210 mimics to reduce the
apoptosis of cranial nerves by targeting the TGF-f3 axis. The SD rats injected with miR-210
mimics were found to have lower systolic blood pressure and, the apoptosis rate was found to
be significantly reduced when compared with the PE group. Thus, the study concluded that
miR-210 mimics might be a potential therapeutic molecule for reducing cranial nerve apoptosis
in PE [26]. In another study by Liu and colleagues, miR-223 was found to have anti-
inflammatory effects in PE by targeting nucleotide-binding domain, leucine-rich—containing

family, pyrin domain—containing-3 (NLRP3) [27].

Another study by Xu ef a/ (2020) identified a role for let-7d as a therapeutic target in PE. When
placental tissues from PE patients and normal pregnant women were processed, let-7d
expression was elevated while Lysine demethylase 3A (KDM3A) and enolase 2 (ENO2)

expression was decreased. To study how let-7d and ENO2 affect PE, trophoblast cells and PE
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rat models were developed. The findings showed that let-7d silencing reduced tissue damage
and symptoms associated with PE like urine protein. Overall, let-7d appeared to promote PE
progression by suppressing the growth of trophoblasts and inducing apoptosis by down-
regulating KDM3A to encourage ENO2 methylation. Hence, the study proved that let-7d

inhibitor can be a possible therapeutic molecule for PE [28].

Later in 2021, Lai and Yu explored the effect of miR-183 inhibition in PE and its impact on
the Forkhead box protein 1 (FOXP1) and G protein subunit gamma 7 (GNG7) expression. The
in vitro analysis revealed that the miR-183/FOXP1/GNG7 axis reduced the invasion and
angiogenesis of trophoblast cells. Moreover, when the blastocysts were treated with miR-183
inhibitor in combination with rapamycin in PE mice, the protein levels were decreased, and
apparently normalized placental structures were seen. Thus, the study concluded miR-183
inhibition is a potential therapeutic strategy for PE [29]. In 2022, Luo and colleagues tested the
efficacy of methylation-mediated silencing of miR-155 in the treatment of PE. In the placental
tissue of PE patients, miR-155 was noticeably upregulated and inversely correlated with the
promoter methylation level. The in vitro research showed that miR-155 increased apoptosis in
trophoblast cells while decreasing viability, migration, and invasion in trophoblast cells.
Notably, miR-155 targeted FOXO3 and miR-155 inhibitor was found to reduce oxidative stress
and inflammation and increase trophoblast cell proliferation, migration, and invasion.
Treatment with 5-Aza altered the DNA methylation level of miR-155 and the in vivo and in
vitro tests revealed that upregulating FOXO3 by methylation-mediated silencing of miR-155
can prevent trophoblast cells from apoptosis, and inflammation [30]. In another study by Liu
et al in 2022, miR-222-3p was upregulated in the placentas of PE patients, while Histone
deacetylase 6 (HDAC6) mRNA was downregulated. Additionally, in PE patients, miR-222-3p
expression was inversely correlated with HDAC6 mRNA expression. Experiments revealed

that HDAC6 knockdown inhibited cell proliferation and migration while HDAC6



overexpression promoted trophoblast cell proliferation and migration. Moreover, inhibitory
effects of miR-222-3p on trophoblast cell proliferation and migration were reversed by both
HDACS6 overexpression. In addition, miR-222-3p inhibitor reduced blood pressure and harmful
fetal changes in PE rats. Hence, this study suggested that miR-222-3p may be used as a

therapeutic target for PE [31].

In a study by Selvakumar et al., it was identified that anti-miR-510-3p might be a potential
therapeutic strategy for PE. The study found that miR-510-3p targeted Vascular endothelial
growth factor A (VEGFA) leading to the disease progression in PE. But treatment with miR-
510-3p inhibitor improved the disease conditions in both in vitro and in vivo analysis [32].
Other miRNAs studied including miR-183-5p [33], miR-23a [34], miR-219a [35], miR-342-
3p [36], miR-141-3p [37], and so on were studied for their potential role as therapeutic targets
in PE using miRNA mimics and inhibitor. Table 2 represents the miRNAs studied for their role

as mimics and inhibitors in PE.

3.2.Long non-coding RNAs (IncRNAs) as competing endogenous RNAs (ceRNAs) in

the treatment of PE

The discovery of the competing endogenous RNA (ceRNA) function of IncRNA has opened
up fresh perspectives on how genes are controlled and has the potential to completely change
miRNA therapeutics. By this ceRNA or “sponge” function arises from the ability of IncRNAs
to sequester miRNAs and stop them from binding to their target mRNAs. This may lead to
increased expression of the target genes which may have a variety of biological effects [38,39].
LncRNA sponges can have numerous miRNA binding sites, and synthetic IncRNA sponges
can be made to specifically target and bind disease-related miRNAs, thereby re-establishing

regular gene expression patterns [38-40]. Additionally, by controlling the expression of



important immune-related genes, IncRNA sponges can be used to modify the immune response

[40].

In a recent study by Jiang et al in 2024 has identified that NEATI1 targeted miR-217 and
regulated PE disease progression. The overall findings of the study was that NEAT1 was a
significantly upregulated IncRNA that influenced in the downregulation of miR-217 leading to
its effect in Wnt signaling axis. The study provided evidence that silencing NEAT1 and miR-
271 mimics could be used in reversing the effects of NEAT1 [41]. According to a study by Liu
H et al, the IncRNA MEG3 stimulated the growth and invasiveness of trophoblasts and was
highly expressed in the placentas of PE patients. MEG3 acted as a sponge for miR-21-5p, which
was identified to regulate the levels of bone morphogenetic protein receptor 2 (BMPR2). By
interacting with miR-21-5p and blocking it from controlling BMPR2, MEG3 caused BMPR2
levels to rise along with trophoblastic cell growth and invasiveness. These results suggested
that MEG3 may be a key player in the emergence of PE and may represent a potential
therapeutic target. This research also illuminated the intricate regulatory system that
contributes to PE development, which may help in the creation of novel diagnostic and

therapeutic approaches [42].

In another study by Li et al, it was found that MALAT1 was inversely correlated to miR-101-
3p levels in preeclampsia. Also, the study found that inhibiting miR-101-3p levels and
upregulating MALAT] helped in the increased expression of VEGFA in PE [43]. Yang ef al.
in 2022 investigated the role of IncRNA small nucleolar RNA host gene 5 (SNHGS) in
regulating miR-31-5p in PE pathogenesis. The levels of SNHGS5 were downregulated in PE
leading to increased autophagy and apoptosis. Since SNHGS was found to be ceRNA for miR-
31-5p which regulated autophagy and apoptosis via targeting secreted protein acidic and rich

in cysteine (SPARC), SNHGS was overexpressed in PE mice. This revealed that by regulating



SNHGS5/miR-31-5p/SPARC axis, the trophoblast proliferation can be increased and apoptosis

can be decreased in the PE placenta [44].

Interestingly, Wu et al (2022) identified the relationship between LINC00240, miR-155, and
nuclear factor erythroid-related factor 2 (Nrf-2) in PE. The study found that the PE patients'
and animals' placenta tissues had reduced levels of LINC00240 and Nrf2, increased miR-155
expression levels, and decreased M2 macrophage polarisation. It was also observed that
LINC00240 directly inhibited the expression of miR-155 to reduce the oxidative stress-induced
pyroptosis. This further enhanced trophoblast proliferation, migration, invasion abilities, and
M2 macrophage polarisation. In an in vivo preeclampsia model, overexpression of LINC00240
increased fetal weight and length, induced trophoblast function, and M2 macrophage
polarisation while decreasing blood pressure, urine protein, liver, and kidney damage [45].
Thus, LINC00240 sponged miR-155 and reduced the symptoms of PE and could be postulated

as a potential therapeutic target for PE.

Zhang and his colleagues investigated the role of GATA3 antisense RNA 1 (GATA3-AS1) and
miR-488-3p in PE in 2022. In placental samples with PE, GATA3-AS1 and Rho-associated
coiled-coil-containing protein kinase 1 (ROCK1) were overexpressed while miR-488-3p was
downregulated. Functionally, trophoblast cell apoptosis was induced by GATA3-ASI1
overexpression, and cell proliferation, migration, and invasion were suppressed. Mechanically,
miR-488-3p targeted ROCKI1 in trophoblast cells while GATA3-ASI served as a molecular
sponge for miR-488-3p. It was observed that ROCKI1 overexpression or miR-488-3p
downregulation reversed the consequences of GATA3-AS1 silencing on the phenotypes of
trophoblast cells. Thus, the study concluded that miR-488-3p/ROCK1 axis promoted PE
progression by upregulating GATA3-AS1, which is overexpressed in PE and hence targeting
GATA3-ASI1 could be a novel therapeutic approach for PE [46]. Studies by Wang et al. (2019)

showed that the IncRNA pregnancy-specific glycoprotein (PSG10P) regulates miR-19a-
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3p/Interleukin 1 receptor accessory protein (ILIRAP) in the disease pathogenesis of PE. Higher
expression of PSG10P and IL1RAP, and lower expression of miR-19a-3p were found in the
PE placentas. Inhibition of PSG10P was found to regulate miR-19a-3p positively in the
treatment of PE. Since IL1IRAP is capable of triggering inflammatory signaling, upregulating
miR-19a-3p could be a possible treatment strategy for PE. Hence the study conducted in vivo
and in vitro overexpression of miR-19a-3p and identified miR-19a-3p as a potential therapeutic
target for PE [47]. In a study by Tang et al. in 2021, it was identified that miR-223-3p and the
circular RNA circLRRK1 interaction in PE is crucial in PE. The experiments demonstrated that
miR-223-3p inhibitors could restore the circLRRK1 silencing-induced effect on trophoblast
cell proliferation, migration, and invasion. Furthermore, it was identified that suppressing
circLRRK1 may stimulate the PI3K/AKT signalling pathway by targeting miR-223-3p [48].
Moreover, another study by Hu et al. (2022) also showed the significant role of
Circ_0005714/miR-223-3p/ADAMY in PE treatment. It was identified that circ 0005714
served as a molecular sponge for miR-223-3p, and its effects on trophoblast cells were achieved
via sponging miR-223-3p. Furthermore, the study also postulated that miR-223-3p may target
ADAM9, and reduction of ADAM9 may reverse the trophoblast function inhibition caused by

the miR-223-3p inhibitor [49].

The aforementioned studies concentrate on the function of IncRNAs as miRNA sponges in the
pathogenesis of PE. These studies examined how IncRNAs sponging miRNAs control
trophoblast cell proliferation, migration, and invasion and how their dysregulation may lead to
preeclampsia. Additional studies on other IncRNAs including LINC00534, LINCO01347,
PVTI1, SNHG22, PAXIP-AS1, SNHG7, and XIST were found to modulate the expression of
miRNAs like miR-494-3p, miR-101-3p, miR-24-3p, miR-128-3p, miR-210-3p, miR-214-5p,
and miR-340-5p which were found to affect trophoblast function and placental development

[50-57]. These results demonstrate the potential of IncRNAs and miRNAs as preeclampsia
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diagnostic and therapeutic targets. Table 1 represents the IncRNA sponges, miRNAs and their

targets in the treatment of PE

3.3.Exosomes or Extracellular vesicles containing microRNAs in the treatment of PE

Exosomes are small extracellular vesicles that contain a variety of biomolecules, including
miRNAs, and are secreted by cells. Exosome-loaded miRNAs have shown promise in the
creation of new therapeutics. Exosomes are appealing candidates for drug delivery because
they can move their cargo through recipient cell plasma membranes and into their cytoplasm.
This makes it possible to deliver miRNAs specifically to certain cell types or tissues, which
can help to lessen toxicity and minimise off-target effects [58]. Exosomes are also suitable for
use in humans because of their biocompatibility and low immunogenicity. Exosome-loaded
miRNAs have been demonstrated in preclinical studies to control signaling pathways, induce
cell death, and regulate gene expression in cancer cells. Furthermore, in animal models of heart
disease, exosome-loaded miRNAs lowered inflammation and enhance cardiac function. There
are currently several exosome-based miRNA therapeutics in clinical trials. Exosome-loaded
miRNAs have the potential to change the therapeutics industry by providing precise, secure,

and potent therapies for a variety of diseases [58-60].

Cui and colleagues found that miR-101 expression was downregulated in placental tissues from
PE patients, whereas Bromodomain 4 (BRD4) and CXC motif chemokine 11 (CXCL11)
expression was elevated. The trophoblast cells loaded with EV-encapsulated miR-101 from
Human Umbilical cord mesenchymal stem cells (HUCMSCs), showed enhanced migration and
proliferation. MicroRNA-101 mechanically targeted and suppressed BRD4 expression. By
inhibiting the NF-kB/CXCL11 axis, BRD4 knockdown aided trophoblast migration and
proliferation. Notably, EV-encapsulated miR-101 decreased blood pressure and 24-hour urine

protein in vivo [61]. Another study by Yang et a/ (2020) focused on EV-derived miR-18b in
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the treatment of PE. In vivo experiments were carried out to ascertain the effect of EV-derived
miR-18b, Notch2, and TIM3/mTORCI in a rat model of PE, with monitoring of blood pressure
and urine proteinuria. Functional roles of EV-derived miR-18b and Notch2 in trophoblasts,
were determined using loss- and gain-of-function experiments. By inactivating the T cell
immunoglobulin and mucin domain containing 3 (TIM3)/mammalian target of Rapamycin
complex 1 (mTORC1) axis in vivo, EV-derived miR-18b increased trophoblast proliferation
and migration in vitro and decreased blood pressure and 24-hour urinary protein in PE rats via
Notch2 down-regulation. Hence, EV-derived miR-18b was identified as a potential therapeutic

molecule in the treatment of PE [62].

Moreover, in 2020, the role of exosomal miR-139-5p in PE was analyzed by Liu ef al. and it
was observed that overexpression of exosomal miR-139-5p could aid in the treatment of PE.
MicroRNA-139-5p was delivered to trophoblasts via exosomes that were secreted by
HUCMSC. It was discovered that miR-139-5p specifically targeted PTEN, a protein tyrosine
phosphatase that controls multiple pathways including the ERK/MMP-2 pathway. Exosomes'
ability to promote trophoblast growth was significantly diminished by inhibiting the
ERK/MMP-2 pathway. In-vivo studies revealed that therapy with exosomal miR-139-5p

significantly reduced 24-hour proteinuria and blood pressure values in PE rats [63].

In a study by Sha and colleagues identified the effect of EV derived from hypoxic trophoblast
in PE. The results highlighted a novel mechanism of hypoxic trophoblasts regulation of
endothelial cells and their potential role in PE pathogenesis. In addition, EV encapsuled miR-
150-3p derived from hypoxic trophoblasts inhibit endothelial cells proliferation, migration, and
angiogenesis by modulating CHPF [64]. Other studies by Xueye et al on exosomal
encapsulated miR-125a-5p [65], Wu et al on exosomal miR-302a [66], Chen et al on exosomal
miR-342-5p [67], Wang et al on exosome encapsulated miR-15a-5p [68], Ma et al on exosomal

miR-486-5p [69], Jiang et al on exosome encapsulated miR-140-5p [70] and so on have
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focused on exosomal miRNAs as potential therapeutic targets for PE. However, few articles
discuss the ways that exosomal miRNAs influence the development of PE, including by
controlling the migration of vascular smooth muscle cells and the expression of vital genes
involved in the pathogenesis of this condition. Overall, these studies help to understand the
intricate interactions between exosomes, microRNAs, and preeclampsia and pave the way for
novel diagnostic and therapeutic approaches for PE. More studies are required, however, to
fully comprehend the exosome mediated delivery mechanisms and to improve the creation of
exosome loaded miRNAs. Table 3 represents the exosome or extracellular vesicle-associated

miRNASs in the treatment of PE

3.4.0ther molecules regulating microRNAs in the treatment of PE

In addition to the above-mentioned molecules, others are also studied for their potential role in
miRNA therapeutics. In a study by Yue et al. (2022), the effects of the drug Sufentanil (SUF)
in the treatment of PE via miR-24-3p/11p hydroxysteroid dehydrogenase type 2 (HSD11B2)
was investigated. Both in vivo and in vitro analyses were performed to prove the hypothesis.
The findings showed that SUF increased cell proliferation and inhibited miR-24-3p to
upregulate HSD11B2. In the case of PE, HSD11B2 was lower while miR-24-3p was increased,
which specifically targeted HSD11B2. But SUF was found to regulate the miR-24-
3p/HSD11B2 axis, which in turn inhibited the progression of PE both in vivo and in vitro. In
summary, SUF was identified to increase the levels of HSD11B2 by inhibiting miR-24-3p,
which prevented the disease progression of PE. Hence, the study sheds light on the potential
for using SUF, which functions by regulating miR-24-3p, a novel therapeutic molecule for PE
[71]. Moreover, in a study by He et al. (2022), the compound puerarin was explored for its role
in regulating miR-20a-5p and its targets vascular endothelial growth factor A (VEGFA) and
mitochondrial membrane protein 2 (MMP2). The study identified the potential role of puerarin

in inhibiting miR-20a-5p and reducing the cytotoxicity of trophoblast cells in PE [72].
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According to the study by Cao et al (2021), vitamin D was postulated to have an impact on
miR-26b-5p, which in turn may affect the cyclooxygenase-2 (COX-2) expression in the
placenta. PE has been linked to COX-2, an enzyme that contributes to inflammation. The study
found that by controlling COX-2 expression via miR-26b-5p, vitamin D might be helpful in
preventing or treating PE [73]. Interestingly, Ligustrazine which is derived from a Chinese
medicinal plant was studied for its role in the treatment of PE via miR-16-5p [74] and miR-
27a-3p [75]. In 2020, Yuan and his colleagues explored the role of miR-16-5p inhibition
through ligustrazine or tetramethylpyrazine (TMP) in PE. In trophoblast cells of the placental
tissue of PE rats, autophagy-related proteins light chain 3 (LC3)-II/LC3-1, Beclinl (BECN1),
and SQSTM1 were downregulated after TMP treatment. In addition, TMP enhanced the
viability and migration of JEG3 placental cells while suppressing autophagy. In PE, miR-16-
S5p expression was downregulated, and TMP prevented this. In addition, miR-16-5p reduced
insulin growth factor-2 (IGF-2) expression, which increased cell autophagy and decreased the
ability of JEG3 cells to survive and migrate. Furthermore, in vivo tests confirmed that TMP
controlled the miR-16-5p/IGF-2 axis to prevent the progression of PE in rats [74]. Wang and
colleagues (2023) further validated the effect of TMP in the treatment of PE by regulating miR-
27a-3p. It was shown that miR-27a-3p targeted activating transcription factor-3 (ATF-3) and
was involved in the disease progression of PE. Importantly, TMP inhibited apoptosis and
promoted the growth, and movement of trophoblast cells. Moreover, the overexpression of
miR-27a-3p eliminated the impact of TMP on trophoblast cells. Thus, the study concluded that
TMP promoted the proliferation and migration of trophoblast cells by controlling the miR-27a-
3p/ATF3 axis, which in turn mediated the Wnt pathway [75]. Hence, TMP regulated the
miRNAs and proved to have a potential therapeutic effect on PE. Similarly, other studies on

magnesium sulfate targeting miR-218-5p [76], resveratrol targeting miR-363-3p [77], and so
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on have been studied proving miRNAs as potential therapeutic targets for PE. Table 4

represents the other molecules regulating miRNAs in the treatment of PE

4. Limitations and Future prospects

In recent years, miRNA-based therapeutics have been studied for their potential role in the
treatment of various diseases including PE. But few studies have validated the therapeutic role
of miRNAs in both in vivo and in vitro models. Pre-clinical validation through animal models
paves the way for the clinical breakthrough of a drug. However, most of the studies on the
therapeutic role of miRNAs are limited to in vitro cell lines. The above-mentioned studies have
provided evidence that miRNAs are potential therapeutic targets in PE. Moreover, altering
miRNA expression appears to have therapeutic efficacy in PE. Though the studies showed
preliminary evidence on the potential use of miRNA-based therapeutic in PE, still there is a
need for proper evaluation of the strategies, detection, quantification, delivery platforms,
clinical outcomes, and challenges clinically faced while using miRNA-based therapeutic in PE.
Hence, further studies are required clinically and pre-clinically to prove the therapeutic efficacy

of miRNA-based therapeutics in PE.

Endothelial dysfunction and vascular remodeling are two of the most common problems
associated with PE. These factors are associated with the elevation in the inflammatory markers
which results in the release of cytokines leading to tissue damage [78]. Several signaling
pathways like STAT3/IL-6 [79], IKK/NF-«B [80], JAK/STAT [81] are involved in
inflammation, and PI3K/AKT [82], Notch [83], mTORC [84], ERK/MMP?2 [85] are involved
in trophoblast cell survival. Thus, targeting these signaling pathways may be efficient in the

treatment of PE.

Few other concerns include creating efficient delivery systems that provide stability,

specificity, and successful absorption. The small RNA molecules may interfere with

16



unexpected gene targets, causing results that are not intended [86]. This may have unintended
negative effects and jeopardize the treatment's precision and safety. A significant difficulty still
exists in achieving high target specificity while minimizing off-target consequences. The
immune system can be stimulated and inflammatory reactions can be brought on by certain
RNA molecules. The therapeutic efficacy may be limited and responses may result from this
immune activation. Moreover, due to their shorter half-life in the body, they must be dosed

more frequently or stabilisation mechanisms must be developed.

In addition, to address the demand for wider clinical use, the production processes must be
optimised for scalability, cost-effectiveness, and quality control. The approval procedures for
miRNA-based therapies can be challenging and time-consuming, and the regulatory paths are
still developing. The regulatory system presents a difficulty for these therapies' translation into

clinical practise in terms of ensuring their safety, efficacy, and quality.

Importantly, the current lack of agreement between studies regarding PE-associated miRNAs
restricts their potential to be of greater, useful clinical value. The definition and categorization
of PE type, sampling technique, RNA extraction method, and, most importantly, the methods
selected for miRNA studies, are considered to be present challenges. Furthermore, reliable PE
animal models will remain crucial for enabling more exact assessments of miRNA
functionality across the context of complete biological systems. Continuous research,
technology breakthroughs, and interdisciplinary efforts by scientists, doctors, and regulatory

authorities are needed to address these limits.

5. Conclusion

In conclusion, even though the precise causes of PE are still not completely known, recent
findings have highlighted the critical role that microRNAs or miRNAs play in the onset and

evolution of this disorder. Thus, understanding the role of miRNAs in PE not only sheds light
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on the disease's underlying mechanisms but also on the development of diagnostic markers and
potential treatment strategies for PE. Several studies are focusing on deciphering the molecular
mechanisms in PE and exploring miRNA-directed therapeutic approaches in PE. Small RNAs
and other nucleic acid-based therapies have made huge strides towards the clinic in recent
years. We hope the studies of miRNA in PE so far have laid a solid foundation for translational

research that will ultimately improve patient outcomes.
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complex — RISC; tumor growth factor-beta - TGF-B; Lysine demethylase 3A - KDM3A;
enolase 2 - ENO2; Forkhead box protein 1 - FOXP1; G protein subunit gamma 7 - GNG7;
Histone deacetylase 6 - HDAC6; competing endogenous RNA — ceRNA; bone morphogenetic
protein receptor 2 - BMPR2; small nucleolar RNA host gene 5 - SNHGS; secreted protein
acidic and rich in cysteine — SPARC; nuclear factor erythroid-related factor 2 - Nrf-2; GATA3
antisense RNA 1 - GATA3-AS1; Rho-associated coiled-coil-containing protein kinase 1 -
ROCKI1; pregnancy-specific glycoprotein - PSG10P; Interleukin 1 receptor accessory protein
- ILIRAP; Bromodomain 4 - BRD4; CXC motif chemokine 11 - CXCL11; Human Umbilical
cord mesenchymal stem cells — HUCMSCs; T-cell immunoglobulin and mucin-domain
containing-3 — TIM3; mammalian target for rapamycin complex 1 - mMTORCI; Phosphatase
and Tensin homologue — PTEN; Extracellular signal-regulated kinase — ERK; Matrix

metalloproteinase 2 - MMP-2; 118 hydroxysteroid dehydrogenase type 2 - HSDI11B2;

18



Sufentanil — SUF; vascular endothelial growth factor A — VEGFA; mitochondrial membrane
protein 2 - MMP2; cyclooxygenase-2 - COX-2; tetramethylpyrazine — TMP; light chain 3 -

LC3; Beclinl - BECNI; activating transcription factor-3 - ATF-3.

Conflicts of interest

The authors declare that there are no potential conflicts of interest

Funding: Not Applicable

Acknowledgement: Not Applicable

References

1. Chappell, L. C., Cluver, C. A., Kingdom, J., & Tong, S. (2021). Pre-eclampsia. Lancet

(London, England), 398(10297), 341-354. https://doi.org/10.1016/S0140-

6736(20)32335-7

19


https://doi.org/10.1016/S0140-6736(20)32335-7
https://doi.org/10.1016/S0140-6736(20)32335-7

Steegers, E. A., von Dadelszen, P., Duvekot, J. J., & Pijnenborg, R. (2010). Pre-
eclampsia. Lancet (London, England), 376(9741), 631-644.

https://doi.org/10.1016/S0140-6736(10)60279-6

. Mol, B. W. J., Roberts, C. T., Thangaratinam, S., Magee, L. A., de Groot, C.J. M., &
Hofmeyr, G. J. (2016). Pre-eclampsia. Lancet (London, England), 387(10022), 999—

1011. https://doi.org/10.1016/S0140-6736(15)00070-7

. Poon, L. C., Shennan, A., Hyett, J. A., Kapur, A., Hadar, E., Divakar, H., McAuliffe,
F., da Silva Costa, F., von Dadelszen, P., McIntyre, H. D., Kihara, A. B., Di Renzo, G.
C., Romero, R., D'Alton, M., Berghella, V., Nicolaides, K. H., & Hod, M. (2019). The
International Federation of Gynecology and Obstetrics (FIGO) initiative on pre-
eclampsia: A pragmatic  guide  for  first-trimester  screening  and
prevention. International journal of gynaecology and obstetrics: the official organ of
the International Federation of Gynaecology and Obstetrics, 145 Suppl 1(Suppl 1), 1—

33. https://doi.org/10.1002/ijg0.12802

. Roberts, J. M., Rich-Edwards, J. W., McElrath, T. F., Garmire, L., Myatt, L., & Global
Pregnancy Collaboration (2021). Subtypes of Preeclampsia: Recognition and
Determining Clinical Usefulness. Hypertension (Dallas, Tex. : 1979), 77(5), 1430—

1441. https://doi.org/10.1161/HYPERTENSIONAHA.120.14781

. Dimitriadis, E., Rolnik, D. L., Zhou, W., Estrada-Gutierrez, G., Koga, K., Francisco,
R. P. V., Whitehead, C., Hyett, J., da Silva Costa, F., Nicolaides, K., & Menkhorst, E.
(2023). Pre-eclampsia. Nature reviews. Disease primers, 9(1), 8.

https://doi.org/10.1038/s41572-023-00417-6

. Ma'ayeh, M., & Costantine, M. M. (2020). Prevention of preeclampsia. Seminars in

fetal & neonatal medicine, 25(5), 101123. https://doi.org/10.1016/1.siny.2020.101123

20


https://doi.org/10.1016/S0140-6736(10)60279-6
https://doi.org/10.1016/S0140-6736(15)00070-7
https://doi.org/10.1002/ijgo.12802
https://doi.org/10.1161/HYPERTENSIONAHA.120.14781
https://doi.org/10.1038/s41572-023-00417-6
https://doi.org/10.1016/j.siny.2020.101123

10.

1.

12.

13.

. Bokslag, A., van Weissenbruch, M., Mol, B. W., & de Groot, C. J. (2016).

Preeclampsia; short and long-term consequences for mother and neonate. Early human

development, 102, 47-50. https://doi.org/10.1016/j.earlhumdev.2016.09.007

Ramos, J. G. L., Sass, N., & Costa, S. H. M. (2017). Preeclampsia. Pré-
eclampsia. Revista brasileira de ginecologia e obstetricia : revista da Federacao
Brasileira das Sociedades de Ginecologia e Obstetricia, 39(9), 496-512.

https://doi.org/10.1055/s-0037-1604471

de Alwis, N., Binder, N. K., Beard, S., Kaitu'u-Lino, T. J., Tong, S., Brownfoot, F., &
Hannan, N. J. (2020). Novel approaches to combat preeclampsia: from new drugs to
innovative delivery. Placenta, 102, 10-16.

https://doi.org/10.1016/j.placenta.2020.08.022

Rana, S., Lemoine, E., Granger, J. P., & Karumanchi, S. A. (2019). Preeclampsia:
Pathophysiology, Challenges, and Perspectives. Circulation research, 124(7), 1094—

1112. https://doi.org/10.1161/CIRCRESAHA.118.313276

Selvaraj, S., Lakshmanan, G., Kalimuthu, K., & Sekar, D. (2020). Role of microRNAs
and their involvement in preeclampsia. Epigenomics, 12(20), 1765-1767.

https://doi.org/10.2217/epi-2020-0281

Caruso, P., Dunmore, B. J., Schlosser, K., Schoors, S., Dos Santos, C., Perez-Iratxeta,
C., Lavoie, J. R., Zhang, H., Long, L., Flockton, A. R., Frid, M. G., Upton, P. D.,
D'Alessandro, A., Hadinnapola, C., Kiskin, F. N., Taha, M., Hurst, L. A., Ormiston, M.
L., Hata, A., Stenmark, K. R., ... Morrell, N. W. (2017). Identification of MicroRNA-
124 as a Major Regulator of Enhanced Endothelial Cell Glycolysis in Pulmonary
Arterial Hypertension via PTBP1 (Polypyrimidine Tract Binding Protein) and Pyruvate
Kinase M2. Circulation, 136(25), 2451-2467.

https://doi.org/10.1161/CIRCULATIONAHA.117.028034

21


https://doi.org/10.1016/j.earlhumdev.2016.09.007
https://doi.org/10.1055/s-0037-1604471
https://doi.org/10.1016/j.placenta.2020.08.022
https://doi.org/10.1161/CIRCRESAHA.118.313276
https://doi.org/10.2217/epi-2020-0281
https://doi.org/10.1161/CIRCULATIONAHA.117.028034

14.

15.

16.

17.

18

19.

Rupaimoole, R., & Slack, F. J. (2017). MicroRNA therapeutics: towards a new era for
the management of cancer and other diseases. Nature reviews. Drug discovery, 16(3),

203-222. https://doi.org/10.1038/nrd.2016.246

Sekar, D., Lakshmanan, G., Mani, P., & Biruntha, M. (2019). Methylation-dependent
circulating microRNA 510 in preeclampsia patients. Hypertension research : official
journal of the Japanese Society of Hypertension, 42(10), 1647-1648.

https://doi.org/10.1038/s41440-019-0269-8

Qin, S., Sun, N, Xu, L., Xu, Y., Tang, Q., Tan, L., Chen, A., Zhang, L., & Liu, S.
(2022). The Value of Circulating microRNAs for Diagnosis and Prediction of

Preeclampsia: a Meta-analysis and Systematic Review. Reproductive sciences

(Thousand Oaks, Calif,), 29(11), 3078-3090. https://doi.org/10.1007/s43032-021-

00799-6
Yin, Y., Liu, M., Yu, H., Zhang, J., & Zhou, R. (2020). Circulating microRNAs as
biomarkers for diagnosis and prediction of preeclampsia: A systematic review and

meta-analysis. European journal of obstetrics, gynecology, and reproductive

biology, 253, 121-132. https://doi.org/10.1016/j.ejogrb.2020.08.016

. Luizon, M. R., Conceicao, I. M. C. A., Viana-Mattioli, S., Caldeira-Dias, M., Cavalli,

R. C., & Sandrim, V. C. (2021). Circulating MicroRNAs in the Second Trimester From
Pregnant Women Who Subsequently Developed Preeclampsia: Potential Candidates as
Predictive Biomarkers and Pathway Analysis for Target Genes of miR-204-

Sp. Frontiers in physiology, 12, 678184. https://doi.org/10.3389/fphys.2021.678184

Saliminejad, K., Khorram Khorshid, H. R., Soleymani Fard, S., & Ghaffari, S. H.
(2019). An overview of microRNAs: Biology, functions, therapeutics, and analysis
methods. Journal of cellular physiology, 234(5), 5451-5465.

https://doi.org/10.1002/jcp.27486

22


https://doi.org/10.1038/nrd.2016.246
https://doi.org/10.1038/s41440-019-0269-8
https://doi.org/10.1007/s43032-021-00799-6
https://doi.org/10.1007/s43032-021-00799-6
https://doi.org/10.1016/j.ejogrb.2020.08.016
https://doi.org/10.3389/fphys.2021.678184
https://doi.org/10.1002/jcp.27486

20.

21.

22.

23.

24.

25.

26.

Tafrihi, M., & Hasheminasab, E. (2019). MiRNAs: Biology, Biogenesis, their Web-
based Tools, and Databases. MicroRNA (Sharigah, United Arab Emirates), 8(1), 4-27.

https://doi.org/10.2174/2211536607666180827111633

Rani, V., & Sengar, R. S. (2022). Biogenesis and mechanisms of microRNA-mediated
gene regulation. Biotechnology and bioengineering, 119(3), 685-692.

https://doi.org/10.1002/bit.28029

Abdelfattah, A. M., Park, C., & Choi, M. Y. (2014). Update on non-canonical

microRNAs. Biomolecular concepts, 5(4), 275-287. https://doi.org/10.1515/bmc-

2014-0012
O'Brien, J., Hayder, H., Zayed, Y., & Peng, C. (2018). Overview of MicroRNA

Biogenesis, Mechanisms of Actions, and Circulation. Frontiers in endocrinology, 9,

402. https://doi.org/10.3389/fendo.2018.00402

Garofalo, M., & Croce, C. M. (2013). MicroRNAs as therapeutic targets in
chemoresistance. Drug resistance updates : reviews and commentaries in antimicrobial
and anticancer chemotherapy, 16(3-5), 47-59.

https://doi.org/10.1016/j.drup.2013.05.001

van Rooij, E., & Olson, E. N. (2012). MicroRNA therapeutics for cardiovascular
disease: opportunities and obstacles. Nature reviews. Drug discovery, 11(11), 860—872.

https://doi.org/10.1038/nrd3864

Han, H. Y., Liu, K., & Wang, J. R. (2020). MiR-210 inhibits apoptosis of cranial nerves
in preeclampsia rats through suppressing the TGF-B signaling pathway. European
review for medical and pharmacological sciences, 24(21), 10960-10965.

https://doi.org/10.26355/eurrev 202011 23579

23


https://doi.org/10.2174/2211536607666180827111633
https://doi.org/10.1002/bit.28029
https://doi.org/10.1515/bmc-2014-0012
https://doi.org/10.1515/bmc-2014-0012
https://doi.org/10.3389/fendo.2018.00402
https://doi.org/10.1016/j.drup.2013.05.001
https://doi.org/10.1038/nrd3864
https://doi.org/10.26355/eurrev_202011_23579

27.

28.

29.

30.

31.

32.

33.

Liu, X., Li, Z., & Lu, D. (2024). MicroRNA-223-3p downregulates the inflammatory
response in preeclampsia placenta via targeting NLRP3. BMC pregnancy and

childbirth, 24(1), 175. https://doi.org/10.1186/s12884-024-06371-9

Xu, Q., Song, Y., & Lu, L. (2021). Overexpression of let-7d explains down-regulated
KDM3A and ENO2 in the pathogenesis of preeclampsia. Journal of cellular and

molecular medicine, 25(17), 8127-8139. https://doi.org/10.1111/jcmm.16299

Lai, W., & Yu, L. (2020). Elevated MicroRNA 183 Impairs Trophoblast Migration and
Invasiveness by Downregulating FOXP1 Expression and Elevating GNG7 Expression
during  Preeclampsia. Molecular — and  cellular  biology, 41(1), €00236-20.

https://doi.org/10.1128/MCB.00236-20

Luo, X., Pan, C., Guo, X., Gu, C., Huang, Y., Guo, J., Zeng, Y., Yue, J., & Cui, S.
(2022). Methylation Mediated Silencing of miR-155 Suppresses the Development of
Preeclampsia In  Vitroand In  Vivoby  Targeting FOXO3. Mediators  of

inflammation, 2022, 4250621. https://doi.org/10.1155/2022/4250621

Liu, T., Li, W., Zhang, J., & Zhang, Y. (2022). MiR-222-3p Inhibits Trophoblast Cell
Migration and Alleviates Preeclampsia in Rats Through Inhibiting HDAC6 and Notch1
Signaling. Reproductive sciences (Thousand QOaks, Calif.), 29(5), 1486—-1497.

https://doi.org/10.1007/s43032-021-00793-y

Selvakumar, S. C., Preethi K, A., & Sekar, D. (2024). MicroRNA-510-3p regulated
vascular dysfunction in Preeclampsia by targeting Vascular Endothelial Growth Factor
A (VEGFA) and its signaling axis. Placenta, 153, 31-52.

https://doi.org/10.1016/j.placenta.2024.05.135

Suo, M., Sun, Y., Yang, H., Ji, J., He, Y., Dong, L., Wang, Y., Zhang, Y., Zhang, Y.,

& Hao, M. (2020). miR-183-5p suppressed the invasion and migration of HTR-

24


https://doi.org/10.1186/s12884-024-06371-9
https://doi.org/10.1111/jcmm.16299
https://doi.org/10.1128/MCB.00236-20
https://doi.org/10.1155/2022/4250621
https://doi.org/10.1007/s43032-021-00793-y
https://doi.org/10.1016/j.placenta.2024.05.135

34.

35.

36.

37.

38.

39.

8/SVneo trophoblast cells partly via targeting MMP-9 in preeclampsia. Bioscience

reports, 40(6), BSR20192575. https://doi.org/10.1042/BSR20192575

Fan, Y., Dong, Z., Zhou, G., Fu, J., Zhan, L., Gao, M., Zhu, L., & Zhang, Y. (2020).
Elevated miR-23a impairs trophoblast migration and invasiveness through HDAC2
inhibition and NF-xB activation. Life sciences, 261, 118358.

https://doi.org/10.1016/1.1£s.2020.118358

Zhou, G., Li, Z., Hu, P., Wang, J., Fu, J., Wei, B., & Zhang, Y. (2021). miR-219a
suppresses human trophoblast cell invasion and proliferation by targeting vascular
endothelial growth factor receptor 2 (VEGFR?2). Journal of assisted reproduction and

genetics, 38(2), 461-470. https://doi.org/10.1007/s10815-020-02022-y

Han, X., Niu, C., Zuo, Z., Wang, Y., Yao, L., & Sun, L. (2020). MiR-342-3p inhibition
promotes cell proliferation and invasion by directly targeting ID4 in pre-eclampsia. The
Jjournal of  obstetrics and gynaecology research, 46(1), 49-57.

https://doi.org/10.1111/j0g.14150

Ling, Z., Chen, M., Li, T., Qian, Y., & Li, C. (2021). MiR-141-3p downregulation
promotes tube formation, migration, invasion and inhibits apoptosis in hypoxia-induced
human umbilical vein endothelial cells by targeting Notch2. Reproductive

biology, 21(2), 100483. https://doi.org/10.1016/j.repbio.2021.100483

Xia, S., Xu, C., Liu, F., & Chen, G. (2023). Development of microRNA-based
therapeutics for central nervous system diseases. European journal of pharmacology,

956, 175956. https://doi.org/10.1016/j.ejphar.2023.175956

Huang, J., Zhang, A., Ho, T. T., Zhang, Z., Zhou, N., Ding, X., Zhang, X., Xu, M., &
Mo, Y. Y. (2016). Linc-RoR promotes c-Myc expression through hnRNP I and AUF1.

Nucleic acids research, 44(7), 3059-3069. https://doi.org/10.1093/nar/gkv1353

25


https://doi.org/10.1042/BSR20192575
https://doi.org/10.1016/j.lfs.2020.118358
https://doi.org/10.1007/s10815-020-02022-y
https://doi.org/10.1111/jog.14150
https://doi.org/10.1016/j.repbio.2021.100483
https://doi.org/10.1016/j.ejphar.2023.175956
https://doi.org/10.1093/nar/gkv1353

40.

41.

42.

43.

44,

45.

46.

Fang, Y., & Fullwood, M. J. (2016). Roles, Functions, and Mechanisms of Long Non-
coding RNAs in Cancer. Genomics, proteomics & bioinformatics, 14(1), 42-54.

https://doi.org/10.1016/1.epb.2015.09.006

Jiang, L. L., Yang, D. L., Han, Q., Zhang, H. L., Pan, M., & Yan, J. Y. (2024). LncRNA-
NEAT1 blocks the Wnt/B-catenin signaling pathway by targeting miR-217 to inhibit
trophoblast cell migration and invasion. Journal of assisted reproduction and genetics,

41(8), 2107-2115. https://doi.org/10.1007/s10815-024-03124-7

Liu, H., Cai, X., Liu, J., Zhang, F., He, A., & Li, R. (2021). The MEG3 IncRNA
promotes trophoblastic cell growth and invasiveness in preeclampsia by acting as a
sponge for miR-21, which regulates BMPR2 levels. European journal of

histochemistry : EJH, 65(4), 3323. https://doi.org/10.4081/ejh.2021.3323

Li, Q. Li, S., Ding, J., Pang, B., Li, R., Cao, H., & Ling, L. (2023). MALAT 1 modulates
trophoblast phenotype via miR-101-3p/VEGFA axis. Archives of biochemistry and

biophysics, 744, 109692. https://doi.org/10.1016/1.abb.2023.109692

Yang, L., Liu, C., Zhang, C., Shang, R., Zhang, Y., Wu, S., & Long, Y. (2022).
LncRNA small nucleolar RNA host gene 5 inhibits trophoblast autophagy in
preeclampsia by targeting microRNA-31-5p and promoting the transcription of
secreted protein acidic and rich in cysteine. Bioengineered, 13(3), 7221-7237.

https://doi.org/10.1080/21655979.2022.2040873

Wu, H. Y., Liy, K., & Zhang, J. L. (2022). LINC00240/miR-155 axis regulates function
of trophoblasts and M2 macrophage polarization via modulating oxidative stress-
induced pyroptosis in preeclampsia. Molecular medicine (Cambridge, Mass.), 28(1),

119. https://doi.org/10.1186/s10020-022-00531-3

Zhang, Y., Liu, H., Shu, X., Sun, Y., & Chen, X. (2022). Overexpressed IncRNA

GATA3-AS1 in Preeclampsia and Its Effects on Trophoblast Proliferation and

26


https://doi.org/10.1016/j.gpb.2015.09.006
https://doi.org/10.1007/s10815-024-03124-7
https://doi.org/10.4081/ejh.2021.3323
https://doi.org/10.1016/j.abb.2023.109692
https://doi.org/10.1080/21655979.2022.2040873
https://doi.org/10.1186/s10020-022-00531-3

47.

48.

49.

50.

51.

52.

Migration by the miR-488-3p/ROCK1 Axis. Critical reviews in eukaryotic gene
expression, 32(5), 33-45.

https://doi.org/10.1615/CritRevEukaryotGeneExpr.2021040776

Wang, N., Li, R., & Xue, M. (2019). Potential regulatory network in the PSG10P/miR-
19a-3p/IL1RAP pathway is possibly involved in preeclampsia pathogenesis. Journal of

cellular and molecular medicine, 23(2), 852—864. https://doi.org/10.1111/jcmm.13985

Tang, R., Zhang, Z., & Han, W. (2021). CircLRRKI1 targets miR-223-3p to inhibit the
proliferation, migration and invasion of trophoblast cells by regulating the PI3K/AKT
signaling pathway. Placenta, 104, 110-118.

https://doi.org/10.1016/j.placenta.2020.12.003

Hu, X., & Xia, W. (2022). Circ_0005714/miR-223-3p/ADAMO regulatory axis affects
proliferation, = migration, invasion, and  angiopoiesis in  trophoblast

cells. Autoimmunity, 55(8), 640—649. https://doi.org/10.1080/08916934.2022.2101642

Song, X., Zhang, X., Xia, Q., Li, C., Zhang, Y., Huang, Y., Meng, L., Wang, C., Li, J.,
& Long, W. (2023). LncRNA LINC00534 regulates cell proliferation and migration via
the miR-494-3p/PTEN axis in HTR-8/SVneo cells. Journal of clinical laboratory

analysis, 37(1), e24802. https://doi.org/10.1002/jcla.24802

Zhang, X., Yan, J., Dai, Z., Long, X., Jin, J., Yang, Q., Lin, C., Yang, Y., Chen, Y., &
Zhu, J. (2022). Long non-coding RNA LINCO01347 suppresses trophoblast cell
migration, invasion and EMT by regulating miR-101-3p/PTEN/AKT
axis. Reproductive biology, 22(3), 100670.

https://doi.org/10.1016/j.repbio.2022.100670

Wei, X., Yuan, Y., & Yang, Q. (2022). Long noncoding RNA PVT]I accelerates the

growth of placental trophoblasts in preeclampsia through the microRNA-24-

27


https://doi.org/10.1615/CritRevEukaryotGeneExpr.2021040776
https://doi.org/10.1111/jcmm.13985
https://doi.org/10.1016/j.placenta.2020.12.003
https://doi.org/10.1080/08916934.2022.2101642
https://doi.org/10.1002/jcla.24802
https://doi.org/10.1016/j.repbio.2022.100670

53.

54.

55.

56.

57.

38.

3p/HSDI11B2 axis. Molecular reproduction and development, 89(7), 271-280.

https://doi.org/10.1002/mrd.23575

Wei, X., Yuan, Y., & Yang, Q. (2022). SNHG22 promotes migration and invasion of
trophoblasts via miR-128-3p/PCDHI11X axis and activates PI3K/Akt signaling
pathway. Clinics (Sao Paulo, Brazil), 77, 100055.

https://doi.org/10.1016/j.clinsp.2022.100055

Chen, X., Kong, X., Niu, G., Qin, F., Duan, Y., & Ren, F. (2022). Long non-coding
RNA PAXIP-AS1 promotes viability, invasion, and migration of HTR-8/SVneo cells
through miR-210-3p/BDNF axis. Hypertension in pregnancy, 41(2), 107-115.

https://doi.org/10.1080/10641955.2022.2056194

Wang, Y., & Zhang, Z. (2021). Increased expression of IncRNA SNHG7 promotes the
cell viability, migration, and invasion in pre-eclampsia via modulating the miR-214-
Sp/TWISTI axis. Hypertension in pregnancy, 40(3), 261-270.

https://doi.org/10.1080/10641955.2021.1981372

Guo, Y., Gao, Y., & Liu, S. (2022). IncRNA XIST is associated with preeclampsia and
mediates  trophoblast cell invasion via miR-340-5p/KCNJ16  signaling
pathway. Transplant immunology, 74, 101666.

https://doi.org/10.1016/1.trim.2022.101666

Cui, X. P., Wang, C. X., Wang, Z. Y., Li,J., Tan, Y. W., Gu, S. T., & Qin, C. K. (2019).
LncRNA TP73-AS1 sponges miR-141-3p to promote the migration and invasion of
pancreatic cancer cells through the up-regulation of BDH2. Bioscience reports, 39(3),

BSR20181937. https://doi.org/10.1042/BSR20181937

Kalluri, R., & LeBleu, V. S. (2020). The biology, function, and biomedical applications
of exosomes. Science (New York, N.Y.), 367(6478), eaau6977.

https://doi.org/10.1126/science.aau6977

28


https://doi.org/10.1002/mrd.23575
https://doi.org/10.1016/j.clinsp.2022.100055
https://doi.org/10.1080/10641955.2022.2056194
https://doi.org/10.1080/10641955.2021.1981372
https://doi.org/10.1016/j.trim.2022.101666
https://doi.org/10.1042/BSR20181937
https://doi.org/10.1126/science.aau6977

59.

60.

61.

62.

63.

64.

Latifkar, A., Cerione, R. A., & Antonyak, M. A. (2018). Probing the mechanisms of
extracellular vesicle biogenesis and function in cancer. Biochemical Society

transactions, 46(5), 1137-1146. https://doi.org/10.1042/BST20180523

Lener, T., Gimona, M., Aigner, L., Borger, V., Buzas, E., Camussi, G., Chaput, N.,
Chatterjee, D., Court, F. A., Del Portillo, H. A., O'Driscoll, L., Fais, S., Falcon-Perez,
J. M., Felder Han etHu and Xia hoff-Mueser, U., Fraile, L., Gho, Y. S., Gorgens, A.,
Gupta, R. C., Hendrix, A., Hermann, D. M., ... Giebel, B. (2015). Applying
extracellular vesicles based therapeutics in clinical trials - an ISEV position

paper. Journal of extracellular vesicles, 4, 30087. https://doi.org/10.3402/jev.v4.30087

Cui, J., Chen, X., Lin, S., Li, L., Fan, J., Hou, H., & Li, P. (2020). MiR-101-containing
extracellular vesicles bind to BRD4 and enhance proliferation and migration of
trophoblasts in preeclampsia. Stem cell research & therapy, 11(1), 231.

https://doi.org/10.1186/s13287-020-01720-9

Yang, Z., Shan, N., Deng, Q., Wang, Y., Hou, Y., Mei, J., & Wu, Z. (2021).
Extracellular vesicle-derived microRNA-18b ameliorates preeclampsia by enhancing
trophoblast proliferation and migration via Notch2/TIM3/mTORCI1 axis. Journal of
cellular and molecular medicine, 25(10), 4583-4595.

https://doi.org/10.1111/jcmm.16234

Liu, H., Wang, F., Zhang, Y., Xing, Y., & Wang, Q. (2020). Exosomal microRNA-139-
5p from mesenchymal stem cells accelerates trophoblast cell invasion and migration by
motivation of the ERK/MMP-2 pathway via downregulation of protein tyrosine
phosphatase. The journal of obstetrics and gynaecology research, 46(12), 2561-2572.

Advance online publication. https://doi.org/10.1111/jog.14495

Sha, M., Zhang, S., Beejadhursing, R., Sun, Y., Qin, Y., Chen, S., & Li, W. (2023).

Extracellular vesicles derived from hypoxic HTR-8/SVneo trophoblast inhibit

29


https://doi.org/10.1042/BST20180523
https://doi.org/10.3402/jev.v4.30087
https://doi.org/10.1186/s13287-020-01720-9
https://doi.org/10.1111/jcmm.16234
https://doi.org/10.1111/jog.14495

65.

66.

67.

68.

69.

70.

endothelial cell functions through the miR-150-3p /CHPF pathway. Placenta, 138, 21—

32. https://doi.org/10.1016/j.placenta.2023.04.017

Xueya, Z., Yamei, L., Sha, C., Dan, C., Hong, S., Xingyu, Y., & Weiwei, C. (2020).
Exosomal encapsulation of miR-125a-5p inhibited trophoblast cell migration and
proliferation by regulating the expression of VEGFA in preeclampsia. Biochemical and
biophysical research communications, 525(3), 646—653.

https://doi.org/10.1016/1.bbrc.2020.02.137

Wu, M., Zhao, Y., Li, L., Wang, G., & Xing, L. (2021). Exosomal microRNA-302a
promotes trophoblast migration and proliferation, and represses angiogenesis by
regulating the expression levels of VEGFA in preeclampsia. Molecular medicine

reports, 24(6), 864. https://doi.org/10.3892/mmr.2021.12504

Chen, Y., Jin, J., Chen, X., Xu, J., An, L., & Ruan, H. (2023). Exosomal microRNA-
342-5p from human umbilical cord mesenchymal stem cells inhibits preeclampsia in

rats. Functional & integrative genomics, 23(1), 27. https://doi.org/10.1007/s10142-

022-00931-y

Wang, Y., Du, X., & Wang, J. (2020). Transfer of miR-15a-5p by placental exosomes
promotes pre-eclampsia progression by regulating PI3K/AKT signaling pathway via
CDK1. Molecular immunology, 128, 277-286.

https://doi.org/10.1016/;.molimm.2020.10.019

Ma, R., Liang, Z., Shi, X., Xu, L., Li, X., Wu, J., Zhao, L., & Liu, G. (2021). Exosomal
miR-486-5p derived from human placental microvascular endothelial cells regulates
proliferation and invasion of trophoblasts via targeting IGF1. Human cell, 34(5), 1310—

1323. https://doi.org/10.1007/s13577-021-00543-x

Jiang, Y., Luo, T., Xia, Q., Tian, J., & Yang, J. (2022). microRNA-140-5p from human

umbilical cord mesenchymal stem cells-released exosomes suppresses preeclampsia

30


https://doi.org/10.1016/j.placenta.2023.04.017
https://doi.org/10.1016/j.bbrc.2020.02.137
https://doi.org/10.3892/mmr.2021.12504
https://doi.org/10.1007/s10142-022-00931-y
https://doi.org/10.1007/s10142-022-00931-y
https://doi.org/10.1016/j.molimm.2020.10.019
https://doi.org/10.1007/s13577-021-00543-x

71.

72.

73.

74.

75.

76.

development. Functional & integrative genomics, 22(5), 813-824.

https://doi.org/10.1007/s10142-022-00848-6

Yue, Y., Xu, F., Zhang, J., Zhao, M., & Zhou, F. (2022). Sufentanil alleviates pre-
eclampsia via silencing microRNA-24-3p to target 11p-Hydroxysteroid dehydrogenase
type 2. Bioengineered, 13(5), 11456-11470.

https://doi.org/10.1080/21655979.2022.2066753

He, L., Wu, X., Zhang, X., Li, X., Lin, X., Huang, Y., & Wu, J. (2022). Puerarin protects
against H>O»-induced apoptosis of HTR-8/SVneo cells by regulating the miR-20a-
S5Sp/VEGFA/Akt axis. Placenta, 126, 202-208.

https://doi.org/10.1016/j.placenta.2022.06.015

Cao, Y., Jia, X., Huang, Y., Wang, J., Lu, C., Yuan, X., Xu, J., & Zhu, H. (2021).
Vitamin D stimulates miR-26b-5p to inhibit placental COX-2 expression in

preeclampsia. Scientific reports, 11(1), 11168. https://doi.org/10.1038/s41598-021-

90605-9
Yuan, Y., Zhao, L., Wang, X., Lian, F., & Cai, Y. (2020). Ligustrazine-induced
microRNA-16-5p inhibition alleviates preeclampsia through IGF-2. Reproduction

(Cambridge, England), 160(6), 905-917. https://doi.org/10.1530/REP-20-0309

Wang, M., Zhang, L., Huang, X., & Sun, Q. (2023). Ligustrazine promotes
hypoxia/reoxygenation-treated trophoblast cell proliferation and migration by
regulating the microRNA-27a-3p/ATF3 axis. Archives of biochemistry and

biophysics, 737, 109522 https://doi.org/10.1016/1.abb.2023.109522

Zheng, J., Tian, M., Liu, L., Jia, X., Sun, M., & Lai, Y. (2022). Magnesium sulfate
reduces vascular endothelial cell apoptosis in rats with preeclampsia via the miR-218-
Sp/HMGBI1 pathway. Clinical and experimental hypertension (New York, N.Y. :

1993), 44(2), 159—-166. https://doi.org/10.1080/10641963.2021.2013492

31


https://doi.org/10.1007/s10142-022-00848-6
https://doi.org/10.1080/21655979.2022.2066753
https://doi.org/10.1016/j.placenta.2022.06.015
https://doi.org/10.1038/s41598-021-90605-9
https://doi.org/10.1038/s41598-021-90605-9
https://doi.org/10.1530/REP-20-0309
https://doi.org/10.1016/j.abb.2023.109522
https://doi.org/10.1080/10641963.2021.2013492

77.

78.

79.

80.

81.

82.

Liu,J., Yao, L., & Wang, Y. (2023). Resveratrol alleviates preeclampsia-like symptoms
in rats through a mechanism involving the miR-363-3p/PEDF/VEGF
axis. Microvascular research, 1460, 104451.

https://doi.org/10.1016/;.mvr.2022.104451

Qu, H., & Khalil, R. A. (2020). Vascular mechanisms and molecular targets in
hypertensive pregnancy and preeclampsia. American journal of physiology. Heart and
circulatory physiology, 319(3), H661-H681.

https://doi.org/10.1152/ajpheart.00202.2020

Wang, G. J., Yang, Z., Huai, J., & Xiang, Q. Q. (2020). Pravastatin alleviates oxidative
stress and decreases placental trophoblastic cell apoptosis through IL-6/STAT3
signaling pathway in preeclampsia rats. European review for medical and
pharmacological sciences, 24(24), 12955-12962.

https://doi.org/10.26355/eurrev 202012 24199

Kim, J. H., Kim, J. Y., Park, M., Kim, S., Kim, T., Kim, J., Choi, S., Park, W., Hwang,
J. Y., Choe, J., Ha, K. S., Won, M. H., Ryoo, S., Kwon, Y. G., & Kim, Y. M. (2020).
NF-kB-dependent miR-31/155 biogenesis is essential for TNF-a-induced impairment

of endothelial progenitor cell function. Experimental & molecular medicine, 52(8),

1298-1309. https://doi.org/10.1038/s12276-020-0478-x

Wang, H., Liu, M. L., Chu, C., Yu, S. J., Li, J., Shen, H. C., Meng, Q., & Zhang, T.
(2022). Paeonol alleviates placental inflammation and apoptosis in preeclampsia by
inhibiting the JAK2/STAT3 signaling pathway. The Kaohsiung journal of medical

sciences, 38(11), 1103—1112. https://doi.org/10.1002/kjm2.12585

Xu, Y., Sui, L., Qiu, B., Yin, X., Liu, J., & Zhang, X. (2019). ANXA4 promotes

trophoblast invasion via the PI3K/Akt/eNOS pathway in preeclampsia. American

32


https://doi.org/10.1016/j.mvr.2022.104451
https://doi.org/10.1152/ajpheart.00202.2020
https://doi.org/10.26355/eurrev_202012_24199
https://doi.org/10.1038/s12276-020-0478-x
https://doi.org/10.1002/kjm2.12585

83.

84.

85.

86.

Jjournal of physiology. Cell physiology, 316(4), C481-C491.

https://doi.org/10.1152/ajpcell.00404.2018

Liang, X., Chen, S., Wang, X., Zhou, L., & Chen, L. (2022). miR-204-5p promotes
preeclampsia serum-induced injury in human umbilical vein endothelial cells through
regulation of the PTPRJ/Notch axis. Pregnancy hypertension, 28, 100-108.

https://doi.org/10.1016/j.pregchy.2022.02.007

Huang, J., Zheng, L., Wang, F., Su, Y., Kong, H., & Xin, H. (2020). Mangiferin
ameliorates placental oxidative stress and activates PI3K/Akt/mTOR pathway in mouse
model of preeclampsia. Archives of pharmacal research, 43(2), 233-241.

https://doi.org/10.1007/s12272-020-01220-7

Wei, J., Fu, Y., Mao, X., Jing, Y., Guo, J., & Ye, Y. (2019). Decreased Filamin b
expression regulates trophoblastic cells invasion through ERK/MMP-9 pathway in pre-

eclampsia. Ginekologia polska, 90(1), 39—45. https://doi.org/10.5603/GP.2019.0006

Sekar, D., Selvakumar, S. C., & Auxzilia Preethi, K. (2022). Therapeutic nature of
microRNAs in Oral Squamous Cell Carcinoma (OSCC). Oral oncology, 134, 106106.

https://doi.org/10.1016/j.oraloncology.2022.106106

33


https://doi.org/10.1152/ajpcell.00404.2018
https://doi.org/10.1016/j.preghy.2022.02.007
https://doi.org/10.1007/s12272-020-01220-7
https://doi.org/10.5603/GP.2019.0006
https://doi.org/10.1016/j.oraloncology.2022.106106

NUCLEUS (A) Canonical (B) Non-canonical
pathway pathway
Precursor miRNA
DR S
DGCR8,
Primary miRNA Primary miRNA
Exportin 5
CYTOPLASM
Dicer [, \
~ Precursor miRNA_ 602
\u A miRNA
miRNA
~ duplex

Figure 1 represents the biogenesis of miRNA: (A) Canonical pathway: Primary miRNA
which is then further converted into precursor miRNA by the enzyme Drosha and DGCRS8
which is transported to the cytoplasm by Exportin 5. This pre-miRNA forms the miRNA duplex
with the help of dicer which leads to the formation of the mature miRNAs. This mature miRNA
with the help of the Argonaute 2 (Ago2) and RNA-inducing silencer complex (RISC) binds to
the target mRNA and hinders its expression. (B) Non-canonical pathway: The non-canonical
pathway is again divided into Drosha/DGCRS8-independent and dicer-independent pathways.
Spliceosomes and debranching enzymes in the nucleus process the introns to create miRNA

hairpins and exportin-5 then export this hairpin to the cytoplasm where Dicer will cleave it. In

the dicer-independent pathway, these pre-miRNAs use

cytoplasm.
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Figure 2 represents the potential therapeutic approaches using miRNA-based
therapeutics in preeclampsia: (A) In the PE placenta, certain miRNAs are upregulated
causing the disease progression in PE. Inhibiting those miRNAs via miRNA inhibitors,
IncRNA sponges, or exosome-encapsulated miRNA are postulated to be potential therapeutic
strategies for PE. (B) At the same time, few miRNAs are downregulated whose upregulation
could be a potential therapeutic strategy for PE. Hence, miRNA mimics, IncRNA silencing,

and exosomal miRNAs are hypothesized to be efficient in the treatment of PE.
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Table 1 represents the miRNAs studied for their role as mimics and inhibitors in PE

MicroRNA Target gene Mimics | Sample Role of | Referenc
/ analyzed miRNA/gen | es
Inhibito ein PE
r
miR-210 Tumour growth | Mimics | Sprague Cranial [26]
(Downregulate | factor-f (TGF- Dawley nerve
d) B) (SD) rats apoptosis
miR-223 nucleotide- Mimics | Human Inflammatio | [27]
binding placenta, n
domain, HTR&/SVne
leucine-rich— o cells
containing
family, pyrin
domain—
containing-3
(NLRP3).
Let-7d Lysine Inhibito | Human Trophoblast | [28]
(Upregulated) | demethylase 3A | r placenta, SD | proliferation
(KDM3A) rats, and
trophoblast | apoptosis

cells (BeWo

and JEG3)
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miR-183 Forkhead box | Inhibito | Human Angiogenesi | [29]
(Upregulated) | protein l|r placenta, s and protein
(FOXP1) HTR8/SVne | levels
0 cells,
HEK293A/1
7 SF cells,
CDI1 mice
miR-155 Forkhead box 3 | Inhibito | Human Oxidative [30]
(Upregulated) | (FOXO3) r placenta, stress,
HTR8/SVne | Inflammatio
o, JEG3, [ n and
293T cells, | trophoblast
SD rats dysfunction
miR-222-3p Histone Inhibito | Human Blood [31]
(Upregulated) | deacetylase 6 |t placenta, pressure,
(HDAC®6) HTR8/SVne | Trophoblast
o cells, SD | dysfunction
rats
miR-510-3p Vascular Inhibito | BeWo, Trophoblast | [32]
(Upregulated) | endothelial r HTR8/SVeo | dysfunction
growth factor A cells,
(VEGFA) Sprague

Dawley rats
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8 | miR-183-5p Matrix Inhibito | Human Trophoblast | [33]
(Upregulated) | metalloproteina | r placenta, cell
se 9 (MMP-9) HTR8/SVne | dysfunction
o cells
9 | miR-23a Histone Inhibito | Human Trophoblast | [34]
(Upregulated) | deacetylase 2 |r placenta, cell
(HDAC2) HTR8/SVne | migration
o cells and invasion
10 | miR-219a Vascular Inhibito | HTR8/SVne | Trophoblast | [35]
(Upregulated) | endothelial r o cells cell
growth  factor migration
receptor 2 and invasion
(VEGFR2)
11 | miR-342-3p Inhibitor of | Inhibito | Human Trophoblast | [36]
(Upregulated) | DNA binding 4 | r placenta, cell
(ID4) HTR&/SVne | apoptosis
o cells and invasion
12 | miR-141-3p Notch 2 Inhibito | Human Hypoxia, [37]
(Upregulated) r placenta, Angiogenesi
Human S,
umbilical Trophoblast
vein cell
endothelial | dysfunction
cells
(HUVEC)
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Table 2 represents the IncRNA sponges, miRNAs and their targets in the treatment of PE

S.N | Long non- | MicroRNA Target Gene | Sample Role of | Referen
0 coding RNA | (miRNA) analyzed | IncRNA/miRNA/ta | ce
(IncRNA) rget gene in PE
l. NEATI miR-271 Wingless- Human Trophoblast [41]
(Upregulated) | (downregulat | related placenta, | proliferation and
ed) integration | HTR8/S | invasion
site (Wnt) Vneo
cells
2. MEG3 miR-21 Bone Human Trophoblast [42]
(Upregulated) | (Downregulat | morphogene | placenta, | proliferation and
ed) tic protein | JEG3 invasion
receptor 2 | cells
(BMPR2)
3. MALATI1 miR-101-3p | Vascular Human Trophoblast [43]
(Downregulat | (Upregulated) | endothelial | placenta, | dysfunction
ed) growth HTRS8/S
factor A | Vneo
(VEGFA) cells
4. SNHGS5 miR-31-5p Secreted C57BL/6 | Autophagy and | [44]
(Downregulat | (Downregulat | protein J  mice, | apoptosis
ed) ed) acidic and | HTRS8/S
rich in
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cysteine (SP | Vneo
ARC) cells
LINC00240 miR-155 Nuclear Human Trophoblast  cell | [45]
(Downregulat | (Upregulated) | factor placenta, | dysfunction,
ed) erythroid 2- | HTR&/S | abnormal blood
related Vneo pressure, organ
factor 2 | cells, SD | damage
(Nrf2) rats
GATA3-AS1 | miR-488-3p | Rho- Human Trophoblast  cell | [46]
(Upregulated) | (Downregulat | associated placenta, | dysfunction
ed) coiled-coil- | HTR&/S
containing Vneo
protein cells
kinase 1
(ROCK1)
PSG10P miR-19a-3p Interleukin 1 | Human Inflammatory [47]
(Upregulated) | (Downregulat | receptor placenta | signalling
ed) accessory and
protein blood,
(IL1RAP) HTRS/S
Vneo and
TEV-1
cells,
recombin
ant mice
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8. LINC00534 miR-494-3p | Phosphatase | Human Trophoblast [48]
(Upregulated) | (Downregulat | and Tensin | placenta, | proliferation and
ed) Homologue | HTR8/S | apoptosis
(PTEN) Vneo and
EVT cells
9. LINCO01347 miR-101-3p | Phosphatase | Human Epithelial- [49]
(Upregulated) | (Downregulat | and Tensin | placenta, | Mesenchymal
ed) Homologue | HTR8/S | transition
(PTEN) Vneo
cells
10. | PVTI1 miR-24-3p Type-2 11B- | Human Trophoblast  cell | [50]
(Downregulat | (Upregulated) | hydroxyster | placenta, | dysfunction
ed) oid HTRS&/S
dehydrogen | Vneo
ase cells
(HSD11B2)
11. | SNHG22 miR-128-3p | Protocadher | Human Trophoblast [51]
(Downregulat | (Upregulated) | in 11 X- | placenta, | migration and
ed) Linked HTRS&/S | invasion
(PCDH11X) | Vneo and
JEG-3
cells
12. | PAXIP-AS1 | miR-210-3p | Brain- Human Trophoblast  cell | [52]
(Downregulat | (Upregulated) | derived blood, dysfunction
ed) neurotrophi | HTRS8/S
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C factor | Vneo
(BDNF) cells
13. | SHNG7 miR-214-5p | Twist family | Human Trophoblast  cell | [53]
(Downregulat | (Upregulated) | BHLH placenta, | dysfunction
ed) transcription | HTR8/S
factor 1 | Vneo
(TWISTTI) cells
14. | XIST miR-340-5p | Potassium Human Trophoblast  cell | [54]
(Upregulated) | (Downregulat | inwardly placenta, | invasion
ed) rectifying HTR&/S
channel Vneo
subfamily J | cells

member 16

(KCNJ16)
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Table 3 represents the exosome

or extracellular vesicle-associated miRNAs in the

treatment of PE
S.No | MicroRNA | MicroRNA Target gene Samples Role of | Refer
Regulation analyzed exosome/miRNA/gene | ences
(Up/Down) in PE
1 EV Downregulated | Bromodomain | Primary Blood pressure, | [61]
encapsulated 4 (BRD4) culture of | Protein levels,
miR-101 HUCMSC, trophoblast cell
SD rat dysfunction
2 EV-derived | Downregulated | Notch 2 Human Blood pressure, | [62]
miR-18b placenta, protein levels,
HUCMSC, trophoblast cell
SD rats proliferation and
migration
3 Exosomal Downregulated | Phosphatase | HUCMSC, Blood pressure, | [63]
miR-139-5p and  Tensin | HTR8/SVneo | protein levels
Homologue cells, SD rats
(PTEN)
4 EV miR- | Upregulated Chondroitin Hypoxic Trophoblast [64]
150-3p Polymerizing | HTR8/SVneo | dysfunction
Factor cells
(CMPH)
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5 Exosome Upregulated Vascular Human Angiogenesis, [65]
encapsulated endothelial placenta, trophoblast cell
miR-125a- growth factor | HUVEC proliferation and
5p A (VEGFA) migration

6 Exosomal Upregulated Vascular Human Angiogenesis, [66]
miR-302a endothelial placenta, trophoblast cell

growth factor | HTR8/SVneo | proliferation and
A (VEGFA) | and HUVEC | migration
cells

7 Exosomal Downregulated | Programmed | HUCMSC, Blood pressure, | [67]

miR-342-5p cell death 4 | SD rats protein levels,
(PDCD4) Inflammatory
response, apoptosis

8 Exosome Upregulated Cyclin- Human Trophoblast cell | [68]
encapsulated dependent placenta, dysfunction
miR-15a-5p kinase 1 | HTR&/SVneo

(CDK1) cells. SD rats

9 Exosomal Upregulated Insulin-like HPVEC, Trophoblast cell | [69]

miR-486-5p growth factor | HTR8/SVneo | dysfunction
1 (IGF1) , TEV1 cells

10 Exosome Downregulated | Follistatin- Human Hypoxia [70]
encapsulated like 3 | placenta,
miR-140-5p (FSTL3) HTRS8/SVneo

cells
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Table 4 represents the other molecules regulating miRNAs in the treatment of PE

S.No | Compound | MicroRNA | Target gene Samples Role of | Refere
analyzed compound/miRNA/tar | nces
get gene in PE
1 Sufetanil miR-24b- | 11P Human Blood pressure [71]
3p hydroxysteroid | blood,
dehydrogenase HTRS8/SVn
type 2|eo cells,
(HSD11B2) Wistar rats
2 Puerarin miR-20a- | vascular HTRS8/SVn | Cytotoxicity [72]
5p endothelial eo cells
growth factor A
(VEGFA) and
mitochondrial
membrane
protein 2
(MMP2)
3 Vitamin D | miR-26b- | Cyclooxygenase- | Human Inflammation [73]
5p 2 (COX-2) placenta,
HTRS8/SVn
eo cells
4 Ligustrazine | miR-16-5p | Insulin  growth | JEG3 cells, | Autophagy and | [74]
factor-2 (IGF-2) | SD rats apoptosis
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Ligustrazine | miR-27a- | Activating HTR8/SVn | Trophoblast cell | [75]
3p transcription eo cells dysfunction
factor-3 (ATF-3)
Magnesium | miR-218- | High  mobility | SD rats Apoptosis [76]
sulphate 5p group box 1
(HMGBI)
Resveratrol | miR-363- | Pigment SD rats Trophoblast cell | [77]
3p epithelium- dysfunction
derived  factor
(PEDF)
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