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Abstract: Non-coding RNAs (ncRNAs) are transcripts originating from the genome that do not serve as templates for protein
synthesis. They function as epigenetic and translational regulators in various pathophysiological mechanisms, including cell prolifera-
tion and apoptosis. The ferroptosis signaling pathway, a novel mode of cell death, participates in numerous pathophysiological
processes. Its signaling transmission is both complex and precise, featuring interconnected and interdependent pathways. Recent
studies suggest that ncRNAs can finely regulate key genes in the ferroptosis pathway, thus modulating cellular functions, reducing
oxidative stress, and maintaining maternal-fetal interface homeostasis. Future strategies targeting the ncRNA/ferroptosis axis may
provide new perspectives and potential intervention points for treating preeclampsia. This article clarifies how the ncRNA/ferroptosis
axis impacts preeclampsia, revealing how ncRNAs interact with ferroptosis, and pinpointing new molecular targets for the treatment of
preeclampsia, thereby providing theoretical support for clinical strategies.
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Introduction

Preeclampsia (PE), a frequent and serious hypertensive condition in pregnancy, generally manifests beyond the 20th
week of gestation. It presents with newly developed hypertension and proteinuria, and frequently involves dysfunction in
various maternal end-organs.' Risk factors for PE include age, obesity, diabetes, and a history of hypertension.” It is
worth mentioning that paternal inheritance also participates in and affects the implantation and vasculogenesis of the fetal
placenta, thereby mediating the occurrence and development of PE.*> PE is the leading cause of death among pregnant
women and fetuses, impacting around 2-5% of global pregnancies. Annually, over 70,000 women and 500,000 infants die
following a diagnosis of PE.*® Despite extensive international research, the precise mechanisms of PE onset remain
elusive. Given the complex pathophysiology of the disease, current preventative measures include using low-dose aspirin
to reduce the incidence of PE. Once diagnosed, the definitive treatment for PE involves the delivery of the dysfunctional
placenta.®” With advancements in epigenetics, many researchers have discovered that manipulating the ncRNA/ferrop-
tosis axis can regulate the progression of PE.

Non-coding RNAs (NcRNAs) are RNA molecules transcribed from the genome and exist in various forms, primarily
grouped into two kinds: structural ncRNAs and regulatory ncRNAs.® Regulatory ncRNAs, which vary in nucleotide
length, are classified into small ncRNAs (sncRNA, 18-200 nt), long ncRNAs (IncRNA, >200 nt), and circular RNAs
(circRNA). Additionally, several subclasses of sncRNAs, including microRNA (miRNA), piwi-interacting RNA
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(piRNA), and tRNA-derived small RNA (tsRNA), exist along with other varieties.” Once deemed “junk” transcription
products, these RNA molecules are now recognized for their substantial impact on various physiological processes, such
as RNA maturation, processing, signal transduction, gene expression, protein functionality, and cellular metabolism."’
Key ncRNAs, including miRNA, IncRNA, and circRNA, are involved in the development of the placental vascular
system and in the invasion, migration, proliferation, and apoptosis of trophoblasts.'' Furthermore, studies indicate that
ncRNAs influence the development and progression of PE by targeting essential signaling molecules in the ferroptosis
pathway.'>"?

In recent years, ferroptosis, as a novel form of cell death, has gradually emerged as a research hotspot in scientific
inquiry. Ferroptosis represents a programmed cell death process mediated by iron-dependent lipid peroxidation, char-
acterized by the accumulation of intracellular iron ions and a surge in lipid peroxide production, ultimately leading to cell
membrane rupture and cell death.'® This particular mode of cell death differs from traditional apoptosis, necrosis, or
autophagy and it assumes a pivotal position in a wide array of physiological and pathological processes, including
cancer-related pathologies.'> Notably, ferroptosis signaling pathways have been identified as one of the potential under-
lying mechanisms for various reproductive disorders and pregnancy complications characterized by dysregulated iron
homeostasis.'® In placental tissues from patients with PE, abnormal ferroptosis activation may damage and disrupt
trophoblast cells, thus impairing normal placental development and the stability of the maternal-fetal interface.'” This
underscores the significant regulatory role of the ferroptosis signaling pathway in PE.

This review posits that the advancement of PE is governed by the interactions between key target molecules within
ncRNAs and the ferroptosis signaling pathway, thus providing new insights into understanding PE. It systematically
explores the molecular mechanisms and functions of ncRNAs in PE, particularly those associated with the ferroptosis
pathway. Having integrated and analyzed recent research findings, it seeks to uncover potential links between ncRNAs
and the ferroptosis pathway, thereby identifying new molecular targets and theoretical foundations for preventing and
treating PE.

Expression and Function of ncRNA in Preeclampsia

Proteins, the primary functional products of genetic information, are encoded by less than 2% of the transcribed genes in
the human genome,'® while the remaining approximately 98% of transcriptional output comprises ncRNAs.'? Recent
advancements in sequencing technologies and molecular biology have led to the discovery of many previously unknown
ncRNAs. Research has shown that gene expression is extensively regulated not only by proteins but also by ncRNAs.
NcRNAs have garnered heightened recognition for their pivotal regulatory functions in diverse physiological processes,
encompassing cell proliferation, differentiation, and apoptosis.’*?' Their expression patterns are intimately intertwined
with a broad spectrum of human disease states, thereby exerting profound influences on health outcomes and disease
progression.”* * Consequently, researching the expression and function of ncRNAs in the context of PE is crucial for
developing treatments for this condition.

MiRNAs in Preeclampsia

MiRNAs, small non-coding single-stranded transcripts 18-25 nucleotides long, bind specifically to target transcripts to
induce degradation. They regulate various metabolic pathways at transcriptional and translational levels, maintaining
cellular and tissue homeostasis. The canonical gene regulation by miRNAs involves post-transcriptional mechanisms,
binding to the 3° UTR of target mRNAs to suppress expression.”> MiRNAs are known to inhibit thousands of target
genes and coordinate normal physiological processes. However, studies have shown that in patients with PE, miRNA
levels are disrupted, particularly in human chorionic villous trophoblast cells under pregnancy-related oxidative stress
(0S), indicating altered expression levels that diverge from their normal regulatory roles.?® Notably, several cutting-edge
studies have indicated that miRNAs also possess the potential to predict the occurrence of PE as early as the first
trimester of pregnancy.”’ This groundbreaking discovery offers a novel vantage point and instrumentality that signifi-
cantly enhances the capability for early identification of high-risk pregnancy cohorts, thereby facilitating the prompt
implementation of targeted interventions. Furthermore, it underscores the immense potential of miRNA biomarkers in
facilitating the early diagnosis of preeclampsia. As pivotal regulatory molecules in the intricate pathogenesis of
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preeclampsia, miRNA biomarkers merit our utmost attention, as they hold the promise of unlocking more efficacious
management and treatment paradigms.

The placenta plays a critical role in maintaining pregnancy equilibrium, and dysfunctional placentas are linked to the
onset of PE. Chu and others, noted that reduced miR-126-3p expression in trophoblast cells from preeclamptic placentas
promotes increased IL-6 and TNFa production, diminishing the anti-inflammatory and antioxidant activities in PE.?®
Thus, boosting miR-126-3p levels might effectively constitute a powerful therapeutic strategy for managing PE.
Additionally, studies have found that overexpressed miR-210 can promote the progression of PE by suppressing anti-
inflammatory Th2 cytokines.”” Numerous researchers have shown that miR-155 serves as a marker and determinant of
PE severity. For instance, the miR-155-CYR61-VEGF pathway disrupts trophoblast migration, hindering placental
angiogenesis and potentially suppressing trophoblast proliferation and invasion by downregulating cyclin D1, exacer-
bating dysfunctional placenta formation and leading to PE.***' In summary, miRNAs are involved in multiple processes
leading to PE. Fully elucidating the impact of miRNAs on this complex condition is crucial for improving its diagnosis
and treatment. Thus, further exploration of miRNA roles in PE is imperative.

LncRNAs in Preeclampsia

Recently, research into IncRNA in PE has emerged as a significant area of study. LncRNAs, a class of non-coding RNAs
longer than 200 nucleotides that do not encode proteins, regulate interactions between proteins and nucleic acids in both the
nucleus and cytoplasm, establishing robust, flexible, and specific transcriptional and post-transcriptional controls.>* As such,
IncRNAs play crucial roles in many physiological processes, including cellular development, proliferation, differentiation,
and apoptosis.®®> Recent high-throughput analyses of epigenetics in developing placentas have shown that in PE, IncRNA
DIAPH2-ASI is upregulated. This upregulation recruits lysine-specific demethylase 1 and DNA methyl-transferase 1 to the
PAX3 promoter, leading to increased methylation of the PAX3 promoter region and suppression of PAX3 gene expression,
ultimately affecting trophoblast cell proliferation, migration, and invasion involved in the evolution of PE.**> Additionally,
Jiang and others found that IncRNAs block the transcription factor CENPB from attaching to the promoter of tumor
necrosis factor receptor-associated factor 1, thereby inhibiting trophoblast cell invasion and migration during placental
development.*® Liu and others’’ confirmed that IncRNA MEG3 acts as a sponge for miR-21, regulating the expression of
BMPR?2 and promoting trophoblast cell proliferation and invasion, thus preventing the development of PE.

Based on the aforementioned research, it becomes clear that IncRNAs have a critical impact on the onset and
advancement of PE. They may interact with other genes or proteins to co-regulate the physiological functions of the
placenta. These interactions could involve mechanisms such as epigenetic regulation, transcriptional control, or post-
transcriptional modulation. Additionally, IncRNAs can function as signaling molecules or act as “sponges” for miRNAs,
binding to them and preventing their interaction with target mRNAs, thus regulating gene expression.’®*' These
mechanisms are not mutually exclusive; they can intertwine and collectively influence the pathogenesis of PE. The
specific mechanisms of IncRNA action in PE are not yet fully understood, necessitating further in-depth research.
Moreover, the therapeutic potential of IncRNAs and their clinical value should not be underestimated.

CircRNAs in Preeclampsia

CircRNAs are a group of closed-loop single-stranded RNA molecules that interact with proteins in unique ways and play
significant roles in various diseases.**** Compared to other types of RNA, circRNAs are more abundant and highly
structured, showing potential as biomarkers for detecting the heterogeneous manifestations of PE. Researchers, after
analyzing a circRNA microarray and assessing the circRNA expression profiles of normal pregnant women and PE
patients, found significant abnormalities in the expressions of circRNA-0004904, circRNA-0001855, and circPAPP-A,
thus confirming circRNAs as novel biomarkers for the early diagnosis and treatment of PE.** Furthermore, several
studies analyzing samples from PE patients revealed a significant upregulation of circ_ 0055724 and a downregulation of
circFURIN, with various other circRNAs also involved in the pathogenesis of PE.*>*® These studies indicate that
circRNA expression levels are closely associated with the severity and stage of the disease. Additionally, circRNAs
influence the development of PE by regulating gene expression, signaling pathways, and cellular functions.*” For
example, circ_ 0008726 regulates RYBP expression by sponging miR-345-3p, contributing further to the pathogenesis
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of PE.*® Additionally, circVRK1 serves as a ceRNA for miR-221-3p, controlling PTEN expression and consequently
attenuating PI3K/Akt pathway activation. This action effectively restricts the migration, invasion, and epithelial-
mesenchymal transition of trophoblast cells.*” It is evident that circRNAs act as molecular sponges for miRNAs,
specifically absorbing miRNAs to regulate downstream protein expression and thus modulate the expression of genes
and protein transport related to PE.>°

CircRNAs play a significant regulatory role in PE, not only as potential biomarkers but also in conjunction with other
ncRNAs through complex regulatory networks affecting the disease’s development. However, current research on the
individual mechanisms of action of circRNAs is limited. Future studies should delve further into this aspect to deepen our
understanding of the pathogenesis and biological functions of PE and provide new insights for disease diagnosis and treatment.

In conclusion, ncRNAs are inextricably linked with PE. Research into their expression and function in PE remains an
active and challenging field, requiring further exploration.

Key Molecular Mechanisms of ncRNA Regulation in the Ferroptosis
Pathway
Regulation of Key Ferroptosis Genes by ncRNA

In recent studies, ncRNAs are recognized to exert essential regulatory functions across a range of cellular biological
processes.'® Increasingly, ncRNAs have been shown to regulate the biological processes of ferroptosis, thereby influencing
the onset, progression, and prognosis of PE."*! Therefore, exploring the role of ncRNAs in regulating key ferroptosis genes is
crucial for understanding the pathological mechanisms of PE. Ferroptosis represents a unique form of regulated cell death,
different from both apoptosis and autophagy, characterized by iron-driven phospholipid peroxidation.'*>* Polyunsaturated
fatty acids are essential factors that undergo iron-catalyzed lipid peroxidation to produce lipid-Reactive Oxygen
Species(ROS).> When intracellular lipid-ROS levels exceed the antioxidant activity of Glutathione Peroxidase 4(GPX4),
an imbalance between OS and the antioxidant system leads to ferroptosis.>*>> Ferroptosis is involved in numerous
pathophysiological processes and is characterized by iron dependence, accumulation of ROS and lipid peroxidation, and
loss of antioxidant generation and transformation.>® Moreover, researchers have found that ferroptosis contributes to OS and
lipotoxicity in placental trophoblasts, leading to excessive death of trophoblast cells and disruption of normal cell
turnover.””>® Trophoblast cell ferroptosis can induce the failure of uterine spiral artery remodeling, thereby contributing to
the onset of PE.>® Overall, the ferroptosis pathway participates in the onset and progression of PE, featuring a complex and
extensive mechanism of action (see Figure 1). In the process of ferroptosis, ncRNAs have been demonstrated to finely
meticulously control the expression of crucial genes, both directly and indirectly. Research has shown that specific ncRNAs
can bind directly to the mRNA of key ferroptosis genes, thereby directly affecting intracellular iron concentrations,
accumulation of lipid peroxides, and antioxidant system activity.'>®° For example, IncRNA RP11-89 acts as a “sponge”,
absorbing miR-129-5p and upregulating PROM, which further activates iron efflux pathways to inhibit ferroptosis.®’ Lu and
others® proposed that a positive feedback cycle is present in the IncRNA PVT1/miR-214/p53 pathway. In this system,
IncRNA PVT1 influences ferroptosis by controlling the expression of TFR1 and TP53 via miR-214. Furthermore, miRNAs
have been demonstrated to participate in the biological processes of ferroptosis.®> Experiments indicate that miR-25-3p can
directly target the downstream effector P53, thereby further regulating the SLC7A11/GPX4 pathway to counteract
ferroptosis.®* Researchers, in recent experiments through bioinformatics analysis, identified ferroptosis-related miRNAs
and mRNAs. Subsequent functional rescue experiments verified that miR-144-3p can regulate Zinc Finger E-box Binding
Homeobox 1, indirectly disrupting redox homeostasis and iron metabolism, thereby triggering or exacerbating ferroptosis.®®

In summary, ncRNAs finely regulate key genes involved in ferroptosis, both directly and indirectly. This regulatory
role not only unveils new functions of ncRNAs in the process of cell death but also provides new perspectives and
potential intervention targets for therapeutic strategies targeting ferroptosis.

Regulation of Key Proteins in the Ferroptosis Pathway by ncRNA
In the process of ferroptosis, the regulatory role of ncRNAs on key proteins is particularly important, as they modulate
the ferroptosis pathway by influencing post-translational modifications, protein stability, and protein interaction networks.
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Figure | Regulatory Mechanisms of the Ferroptosis Signaling Pathway in Preeclampsia. Ferroptosis triggers extensive apoptosis in placental trophoblast cells, leading to
a significant oxidative stress response and creating an environment conducive to the development of PE. Furthermore, in PE, the downregulation of glutathione (GSH) due to
ferroptosis exacerbates the progression of the disease. GSSG: GPX4 converts GSH into oxidized glutathione. By Figdraw.

Researchers showed that IncRNA HEPFAL promotes ferroptosis by reducing the expression of SLC7A11, a key cystine
transporter and upstream regulator of ferroptosis that influences cellular GSH levels and ferroptosis sensitivity, while
simultaneously increasing lipid ROS and iron levels.®*®” Investigations indicate that miR-137 suppresses both the
initiation and progression of ferroptosis by specifically binding to the glutamine transporter SLC1AS, which in turn
diminishes glutamine absorption and lowers malondialdehyde levels.®® Additionally, GPX4, a crucial protein in the
ferroptosis pathway, is regulated by ncRNA. Researchers have observed that ischemia/reperfusion -induced overexpres-
sion of MIR-182-5P and MIR-378A-3P results in the downregulation of GPX4 and SLC7A11.%° Thus, suppressing mir-
182-5P and mir-378A-3P expression may inhibit ferroptosis development. Targeting the VDAC family, including
VDACI1, VDAC2, and VDACS3, has been linked to mitochondrial dysfunction, which promotes ROS release and
subsequent cell ferroptosis.”® Stabilizing VDACs can protect mitochondria, whereas miR-7 reduces VDACI1 and
VDAC3 expression, promoting ferroptosis progression.”'-”> It is proposed that miR-7 may serve effectively as
a therapeutic target in managing conditions associated with ferroptosis.

ncRNA-Mediated Transmission of Ferroptosis Signals

Ferroptosis signal transmission is a complex and intricate biochemical process involving interconnected and mutually
influential signaling pathways. NcRNAs are recognized as major regulatory factors in various cellular processes, with
numerous ncRNAs confirmed to participate in ferroptosis signal transmission mechanisms.”® Research confirms that
ncRNAs can act as structural bases for protein complexes, interacting with specific proteins to modulate signaling
pathways in signal transmission.”* For example, miR-210 targets key molecules in the ferroptosis pathway, including the
Iron-Sulfur Cluster Assembly Enzyme and Transferrin Receptor (TfR). Transfection of miR-210 reduces transferrin
uptake by inhibiting TfR expression, while anti-miR-210 inhibition upregulates Iron-Sulfur Cluster Assembly Enzyme
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expression.”>’® This ultimately influences the ferroptosis process through effects on the iron metabolism pathway. In
addition, various signaling pathways are involved, including PI3K-AKT-mTORC1, KEAP1-NRF2-ARE, and NAD(P)H/
FSP1/CoQ10 pathways.””-’® Furthermore, ferroptosis signal transmission involves multiple cellular structures, especially
mitochondria and cell membranes. Mitochondria are crucial in iron utilization, catabolic and anabolic metabolism
pathways, significantly influencing both iron metabolism and material and energy metabolism in the ferroptosis
process.”” Studies show that IncRNA HOXA1os, found in mitochondria under baseline conditions, interacts with the
core subunit of the Electron Transport Chain Complex I to maintain its activity. HOXAllos deficiency results in
Complex I deficiency, oxidative phosphorylation dysfunction, and increased mitochondrial reactive oxygen species
production.®® Ling and others discovered that y-Tocotrienol modifies ncRNA, inhibiting mitochondrial complexes and
oxidative phosphorylation.®' Consequently, it is hypothesized that mitochondrial dysfunction and ROS production
mutually enhance each other, exacerbating cellular OS and ferroptosis. Additionally, lipid peroxidation on the cell
membrane, a significant marker of ferroptosis, leads to cell membrane damage and cell death. Research indicates that
miR-210-5p regulates lipid peroxidation levels and enhances mitochondrial function by inhibiting JAK1/STAT3
signaling.®® Wu and others®® used overexpression and silencing experiments with IncRNA NEAT]I to explore its role
in cell death and lipid peroxidation. Studies suggest that NEAT1 regulates ACSL4 and protein levels associated with
ferroptosis and the classical apoptosis pathway. Silencing NEAT1 decreases ACSL4, SLC7A1l1, and GPX4 levels,
implying that NEAT1 affects the lipid peroxidation process and enhances ferroptosis sensitivity. Furthermore, studies
indicate that ncRNAs can mediate ferroptosis through activation of inflammation-related signaling pathways; notably,
miR-125b-5p mitigates inflammation-induced ferroptosis in PMVECs by regulating Keap1/Nrf2/GPX4 expression.3**3

In summary, ncRNA-mediated ferroptosis signal transmission is crucial for maintaining cellular homeostasis and
preventing cell damage, thereby supporting tissue health and balance. This process involves multiple key pathways and
cellular structures, forming a complex network. The combined effects of these factors ultimately dictate whether cells
undergo ferroptosis. Changes in the ferroptosis regulatory network may lead to various diseases, although research in this
field is still nascent. Therefore, a thorough investigation of ncRNA-mediated ferroptosis signal transmission mechanisms
is crucial for understanding the pathogenesis of these diseases and developing novel therapeutic strategies.

Regulation of ncRNA Networks in PE

Increasing evidence suggests that abnormal ncRNA expression can lead to various diseases, playing a crucial role in the
pathophysiological processes of PE. Throughout the progression of this disease, ncRNAs are extensively involved at
various stages of PE pathogenesis.'""®® The interaction among ncRNA molecules constitutes a highly active research
area, as each ncRNA node is integral to a sophisticated regulatory framework. This intricate system effectively regulates
various molecular targets, thereby eliciting particular physiological or pathological responses that consequently lead to
diverse clinical results.

Further analysis has shown that most IncRNAs possess miRNA binding sites, with some associated with PE.®’
Additionally, Hu and others performed microarray studies on ceRNAs within placentas of women experiencing acute PE
compared to those with typical pregnancies, uncovering that mRNAs, IncRNAs, and circRNAs can influence one another
by vying for access to identical miRNA pools.*® LncRNAs and circRNAs are significant in influencing miRNA-mediated
gene regulation. They can act as “sponges” within a ceRNA network, effectively diminishing miRNA targeting of
mRNAs and thereby regulating gene expression.® Reports indicate that in PE patients, Lnc-T-cell leukemia/lymphoma 6
(TCL6) is overexpressed and miR-21 is downregulated. Overexpression of Lnc-TCL6, by targeting miR-21, has been
shown to regulate apoptosis and contribute to PE pathogenesis.90 Inadequate remodeling of uterine spiral arteries is a key
pathogenic mechanism of PE. Research indicates that IncRNA AGAP2-AS1 facilitates the remodeling of uterine spiral
arteries by downregulating miR-574, potentially reducing the incidence of PE.°"* In PE patients, IncRNA ZEB2-AS1 is
downregulated in the placenta compared to normal pregnancies. LncRNA ZEB2-AS1 functions as a molecular sponge
for miR-149, affecting the miR-149/PGF axis, which is linked to the cell biology behaviors of HTR-8/SVneo cells,
potentially exacerbating PE.”*> Notably, overexpression of Linc00261 has been shown to inhibit the activity of HTR-8/
SVneo cells. Studies show that Linc00261 is upregulated in the placental tissues of women with PE and serves as
a ceRNA for miR-558, suppressing its expression. Results indicate that Linc00261 inhibits trophoblast cell invasion and
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migration via the miR-558/TIMP4 axis, potentially playing a role in PE pathogenesis.”* Additionally, research demon-
strates that miR-210 significantly affects the biological behavior of HTR8/SVneo cells by suppressing the expression of
IncRNA MEG3.%® PE is closely associated with placental dysfunction and insufficient trophoblast invasion. Studies have
shown that hsa circ_ 0111277 is upregulated in the placentas of PE cases compared to those of normal pregnancies. This
RNA regulates trophoblast cell migration and invasion via the hsa circ 0111277/miR-494-3p/HTRA1/Notch-1 axis,
offering new insights into PE treatment.”® CircTNRC18 enhances the protein levels of Grhl2, a transcription factor
associated with epithelial-mesenchymal transition. Researchers confirmed that in PE placentas, underexpression of miR-
762 and overexpression of circ-TNRC18 promote trophoblast cell migration and epithelial-mesenchymal transition,
contributing to PE.”” Additionally, in placental tissues of PE, both circ_0001438 and NLRP3 expressions are elevated.
Low miR-942 expression inhibits the biological behavior of HTR-8/Svneo cells while promoting apoptosis and
inflammation, effects that are reversed when NLRP3 is overexpressed and binds with miR-942. Research has demon-
strated that Circ_0001438, by sponging miR-942, regulates NLRP3 expression and exacerbates dysfunction in human
chorionic villous trophoblasts via the miR-942/NLRP3 axis.”®

In summary, ceRNA activity constitutes a large-scale regulatory network within the transcriptome, significantly
enriching the functional genetic information in the human genome and playing a pivotal role in pathological conditions
like PE. Therefore, it is crucial to explore how IncRNAs and circRNAs use microRNA response elements to “commu-
nicate” with each other. Currently, a significant research gap exists regarding the role of small interfering RNA and Piwi-
interacting RNA (piRNA) in PE pathogenesis. Research has shown that small interfering RNA-mediated knockdown of
the NCAMI1 gene inhibits the p38MAPK signaling pathway, reduces OS, and enhances the migration and invasion of
human umbilical vein endothelial cells.” In another study, researchers initially demonstrated the unique role of piRNA
and PIWIL proteins in the placental tissue of PE. They discovered that PIWIL1, crucial for trophoblast cell proliferation,
is significantly downregulated in PE, likely due to indirect piRNA-mediated downregulation of PIWIL1 gene expression
in placental trophoblast cells.'® Consequently, the PIWIL1/piRNA axis is hypothesized to be a potential therapeutic
target for PE. Recent research indicates that non-coding RNAs play a pivotal part in PE, affecting both its onset and
progression, and are promising for clinical diagnosis and therapeutic application. However, the precise molecular
mechanisms through which non-coding RNAs influence PE and the interactions involved in this regulatory process
remain largely unexplored. Non-coding RNAs are poised to become a focal point for future PE treatment research. The
effects and mechanisms of non-coding RNAs on PE are itemized in Table 1.

Role of the ncRNA/Ferroptosis Axis in PE

In both research and clinical care, PE is widely recognized as a multisystemic syndrome. Our ongoing research into its
pathophysiology has underscored the roles of inflammation, OS, endoplasmic reticulum stress, and vascular develop-
mental dysfunction in its pathogenesis.'®' Recent evidence indicates that PE associated with ncRNAs displays diverse
clinical characteristics linked to the ferroptosis signaling pathway. A pathologically elevated iron environment underlies
hypertensive disorders of pregnancy, including PE, with ncRNAs directly targeting proteins involved in ferroptosis or
indirectly affecting downstream targets or pathways that regulate cellular iron levels.'® Moreover, the ncRNA/ferroptosis
axis is known to impact the progression of PE by modulating hypoxia and has been demonstrated to be involved in
regulating cancer initiation and progression. In this section, we delve into the expression patterns of the ncRNA/
ferroptosis axis in PE, alongside its associated clinical features, functions, and operational mechanisms, as outlined in
Table 2. Furthermore, drawing upon existing research on cancer, we speculate that the cancer-related ncRNA/Ferroptosis
axis may potentially play a role in the treatment of PE.

Role of the miRNA/Ferroptosis Axis in PE

MiRNAs target genes across various pathophysiological processes, controlling the expression of more than 60% of all
protein-coding genes, including those involved in iron metabolism within ferroptosis mechanisms.''®'"” Consequently,
miRNAs and the ferroptosis signaling pathway significantly influence the development and progression of PE. For
example, the upregulation of miR-155, identified as a marker for PE, disrupts trophoblast cell migration and impedes
placental angiogenesis, thereby promoting PE development.*® Furthermore, researchers observed that inhibiting miR-155

International Journal of Women’s Health 2024:16 hetps: 1639

Dove:


https://www.dovepress.com
https://www.dovepress.com

aa0(q

091

:sdyyy

91:$70T YIESH S,USWOAA JO [BUINO[ [BUOHEUIDIU|

Table | Role and Mechanism of ncRNA in PE

MiRNA

LncRNA
CircRNA

Crosstalk
regulation

MiR-126-3P
MiR-210
MiR-155

LncRNA DIAPH2-ASI
Circ_0055724

Circ\u FURIN

LncRNA MEG3 /miR-21

Lnc TCL6/miR-21

LncRNA AGAP2-AS|/miR-
574

LncRNA ZEB2-AS|/miR-149
Lnc0026|/miR-558

Circ 0008726 /miR-345-3p
CircVRK1/miR-221-3p
Circ_0111277/miR-494-3p
CircTNRC18/miR-762
Circ_0001438/miR-942

Reduce the antioxidant activity and anti-inflammatory of placental trophoblast cells
Promote the occurrence of inflammatory response

Interfere with the biological behavior of trophoblast cells and hinder placental
angiogenesis

Inhibit the invasion and proliferation of trophoblast cells

Inhibit the proliferation and invasion of trophoblast cells

Promote trophoblast cell apoptosis
Promote uterine spiral artery remodeling

Inhibit the proliferation and invasion of trophoblast cells

Inhibit the migration, invasion of trophoblast cells

Inhibit the migration, invasion of trophoblast cells

Reduce the migratory and invasive capabilities of trophoblast cells
Inhibit the proliferation and invasion of trophoblast cells

Promote trophoblast migration and epithelial-mesenchymal transition

Promote dysfunction of human chorionic trophoblast

Aggravation
Aggravation
Aggravation

Aggravation
Aggravation
Aggravation
Aggravation

Aggravation
Mitigation

Aggravation
Aggravation
Aggravation
Aggravation
Aggravation
Aggravation
Aggravation

— > > — —

- —
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Table 2 Role and Mechanism of ncRNA/Ferroptosis in PE

ferroptosis

NcRNA/ferroptosis Function Effects on Expression | Key Refs.
PE molecule
MiRNA MiR-155/ferroptosis Enhance the expression level of TNF and promote inflammatory response Aggravation i TNF [30,102]
MiR-30b-5p/ferroptosis Promote the death of trophoblast cells Aggravation i SLC7AII, [12]
Pax3
MiR-30/ferroptosis Inhibit apoptosis and promote proliferation of trophoblast cells Mitigation i MAPK/ERK [103]
MiR-2115-3p/ferroptosis Promote proliferation of trophoblast cells Mitigation l GOTI [104]
MiR-214-3p/ferroptosis Inhibit GPX4 levels and promote cell apoptosis Aggravation i GPX4 [105,106]
LncRNA LncRNA TUG  /ferroptosis Disrupt uterine spiral artery remodeling and promote inflammatory response | Aggravation l ACSL4 [51,107]
CircRNA Circ-ITCH/ferroptosis Restore trophoblast vitality Mitigation il NRF2 [108]
circRNA_0004904/ferroptosis - Aggravation i - [109]
circRNA_0001855/ferroptosis - Aggravation i - [109]
circ-DMNT | /ferroptosis Promote trophoblast cell proliferation and invasion Mitigation l p53 [110]
Crosstalk LncRNA MALATI/ Inhibit the migration, invasion of trophoblast cells Aggravation l MUCI [rer
regulation miR-145-5p/ferroptosis
LncRNA SNHG 14/miR-206/ - Aggravation l - [112]
ferroptosis
LncRNA TCL6/miR-485-5p/ Promote trophoblast cell proliferation and inhibit inflammatory response Mitigation | TFRC [13,113]
ferroptosis
LncRNA HOTAIR/miR- 106/ Reduce trophoblast viability Aggravation i UPFI/ACSL4 | [114,115]
ferroptosis
circ_FURIN/miR-34a-5p/ Reduce the biological activity of trophoblast cells and promote inflammatory | Aggravation l TFAP2A [46]
ferroptosis responses.
circRNA_O0I I 1277/miR-494-3p/ Inhibit the migration and invasion of trophoblast cells Aggravation T Notch-| [96]

Notes: | represents down-regulated expression; 1 represents up-regulated expression.
Abbreviations: PE, preeclampsia; ROS, Reactive Oxygen Species; NcRNA, Non-coding RNA; OS, oxidative stress; ROS, Reactive Oxygen Species; GPX4, Glutathione Peroxidase 4; TFR/TFRC, Transferrin Receptor; MAPK, mitogen-
activated protein kinase; p-ERK, phosphorylated extracellular signal-regulated kinase; GOT 1, Glutamic-oxaloacetic transaminase |; IR, ischemia-reperfusion injury; TFAP2A, transcription factor AP-2 alpha.
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in HOXAT11-AS-silenced and scratch-injured B4G12 cells alleviated ferroptosis, reduced intracellular and lipid ROS
levels, upregulated GPX4 and SLC7A11, and downregulated ACSL4.'"® Excessive M1 macrophages can induce an
inflammatory state, precipitating PE onset. The ferroptosis pathway enhances the M1 macrophage phenotype accumula-

tion by increasing TNF expression through iron accumulation.'"’

MiR-155 actively targets and enhances macrophage
polarization towards the M1 phenotype, which leads to the significant production of pro-inflammatory cytokines
including TNF-a, IL6, and MCP1.'% Notably, TNF-a also plays a role in further inducing miR-155. It is hypothesized
that activation of the miR-155/ferroptosis pathway increases TNF expression and M1 macrophage accumulation, thereby
inducing an inflammatory state that contributes to PE manifestation. This provides a new perspective on potential
therapeutic targets for PE. In another study, researchers employed microarray analysis, bioinformatics, and luciferase
reporter assays to demonstrate the critical role of miR-30b-5p upregulation in the ferroptosis pathway within a PE model.
Aberrant upregulation of miR-30b-5p led to the downregulation of SLC7A11 and Pax3, affecting trophoblast cell
ferroptosis via the GPX4 pathway. Subsequent experiments revealed that inhibiting miR-30b-5p expression and employ-
ing a ferroptosis inhibitor alleviated PE-related symptoms in the same rat model.'? Consequently, miR-30b-5p may
represent a potential therapeutic target for PE. Moreover, it has been determined that distinctive characteristics of
ferroptosis, such as heightened levels of intracellular iron and enhanced lipid peroxidation, impact the functionality of the
mitogen-activated protein kinase (MAPK) pathway.® MiR-30 activates the MAPK/ERK signaling pathway, increasing
proliferating cell nuclear antigen expression by elevating phosphorylated extracellular signal-regulated kinase (p-ERK)
levels and the p-ERK/ERK ratio, thereby suppressing apoptosis while enhancing the proliferation of trophoblast cells.'®
By upregulating miR-30 and targeting the ferroptosis’sMAPK signaling pathway, trophoblast cell activity is enhanced,
ultimately influencing the occurrence and development of PE. Reports suggest that miR-2115-3p is a ferroptosis-related
gene, with the miR-2115-3p/Glutamic-oxaloacetic transaminase 1 (GOT1) axis playing a role in regulation in PE
patients.'® MiR-2115-3p enhances the degradation of ferritin via its interaction with GOTI, facilitating the release of
iron from ferritin for Fenton reactions and thus contributing to ferroptosis-mediated PE pathogenesis.'**'*' GPX4 is
a known target of miR-214-3p; inhibition of miR-214-3p enhances GPX4 and SLC7A11 expression, while reducing
ACSL4 levels.'** MiR-214-3p is overexpressed in patients with PE, and this overexpression increases ferroptosis
sensitivity by inhibiting GPX4 levels.'”>'% Thus, the miR-214-3p/ferroptosis axis provides new insights into the
regulatory mechanisms of PE. Notably, miR-34a levels are markedly elevated in the placentas of patients with PE
than normal ones, with miR-34a confirmed to participate in three metabolic pathways that regulate ferroptosis, impacting
all key mechanisms.'*® This suggests that targeting the miR-34a/ferroptosis axis might represent a viable approach for
developing treatments for PE. To conclude, the functional impact of the miRNA/ferroptosis axis in PE primarily involves
regulating trophoblast cell behavior and inflammatory responses, thereby influencing the development and severity of PE
through the control of trophoblast cell activities and OS states (see Figure 2). Identifying effective target molecules in the
miRNA/ferroptosis axis during the development of PE lays a more comprehensive foundation for the design of targeted
molecular treatments.

Role of the IncRNA/Ferroptosis Axis in PE

Increasing evidence shows that abnormal IncRNAs have both positive and negative regulatory effects on the develop-
ment of PE. LncRNAs mediate ferroptosis through multiple pathways, including iron metabolism, GSH metabolism, and
System Xc-, and by various methods, such as regulating cell survival signaling pathways, binding to miRNAs, and
modulating other OS reactants.'* Research by Liang and others shows that the downregulation of IncRNA MALAT1
promotes erastin-induced ferroptosis through the miR-145-5p/MUCI signaling pathway, with MALAT1 being continu-
ously downregulated during this process.''' Mechanistically, MALAT1 functions as a competitive endogenous RNA for
miR-145-5p, regulating the expression of MUCI, a ferroptosis inhibitor. Studies have demonstrated that MALAT1 is
downregulated in PE patients and influences PE during epithelial-mesenchymal transition by affecting the behavior of
extra-villous trophoblasts.'*> These findings underscore the significant potential of the MALAT1/ferroptosis axis as
a therapeutic target for PE. Numerous studies have shown that IncRNA SNHGI14 is significantly suppressed in PE
patients, promoting ferroptosis by upregulating miR-206 and thereby exacerbating PE progression.''? Sun and others'®’
found that in a mouse model of ischemia-reperfusion injury (IRI) induced ferroptosis, upregulation of IncRNA TUGI
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Figure 2 Regulatory Mechanisms of the MiRNA/Ferroptosis Axis in Preeclampsia. MiR-30 activates the MAPK/ERK signaling pathway, thereby inhibiting the ferroptosis
pathway; miR-155, miR-214-3p, and miR-30b-5p inhibit GPX4 expression, thereby activating the ferroptosis pathway; miR-2115-3p targets and inhibits GOT I, subsequently
activating the ferroptosis pathway. By Figdraw.
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inhibited ACSL4-mediated cellular ferroptosis and ameliorated IRI-induced kidney damage. IRI and impairments in
uterine spiral artery remodeling are considered crucial in the pathogenesis of PE. In another experiment, the down-
regulation of TUG1 was found to disrupt the spiral artery remodeling process, implicating it in PE.'?® Therefore, it is
hypothesized that the TUG1/ferroptosis axis may play a role in regulating PE. Further research indicates that alterations
in ferroptosis activity may precede PE development, with reduced leukocyte IncRNA TUG1/mRNA in PE potentially
regulating OS and iron toxicity. Downregulation of IncRNA TUGI via the ferroptosis pathway reduces the cell’s anti-
inflammatory capabilities, increases circulating ferritin, disrupts iron homeostasis, and promotes PE development.’ !
These findings offer new insights into TUG1’s role in the ferroptosis mechanisms of PE, though additional in vivo studies
are required to confirm these results. Researchers have identified high expression levels of TCL6 in PE patients. Through
the mediation of the miR-485-5p/(transferrin receptor) TFRC axis, upregulation of TCL6 inhibits trophoblast cell
proliferation and promotes apoptosis and inflammatory responses, thereby inducing ferroptosis.'*''* In 2017, Song
and others'?’ discovered that levels of IncRNA HOTAIR are elevated in cases of PE, inhibiting trophoblast cell activity,
although the specific target genes and molecular mechanisms were not identified. In the past three years, overexpressed
HOTAIR has been shown to target miR-106, reducing trophoblast cell vitality and mediating the UPF1/ACSL4 axis to
induce ferroptosis.''*!"'> As more molecular mechanisms and target genes associated with IncRNA are identified, the
significance of the IncRNA/ferroptosis axis in PE increases, influencing the expression of related proteins and genes
through cytokine modulation, thereby affecting PE’s pathophysiological processes (see Figure 3).

Role of the circRNA/Ferroptosis Axis in PE

It is particularly noteworthy that circRNAs involved in the ferroptosis pathway play a crucial role in PE. Circ-ITCH is
widely recognized as a tumor suppressor-related gene. Recent studies have shown that upregulation of circ-ITCH restores
the vitality of human umbilical vein endothelial cells and angiogenesis, and activates the NRF2 signaling pathway to
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Figure 3 Regulatory Mechanisms of the LncRNA/Ferroptosis Axis in Preeclampsia. LncRNA MALATI| promotes MUCI expression by sponging miR-145-5p, thereby
inhibiting the ferroptosis pathway. LncRNA SNHG4 regulates the ferroptosis pathway by sponging miR-206 and subsequently inhibiting SLC7AIl | expression. LncRNA
TCL6 regulates the ferroptosis pathway by sponging miR-485-5p and modulating TFRC. LncRNA TUGI inhibits the ferroptosis pathway by suppressing ACSL4, while
LncRNA HOTAIR promotes the ferroptosis pathway by enhancing ACSL4 expression after sponging miR-106. By Figdraw.

inhibit ferroptosis.'®® NRF2, which plays a crucial role in regulating cellular antioxidant activities, has been shown to
inhibit two key ferroptosis targets, SLC7A11 and GPX4. Research suggests that NRF2 holds significant potential in
diseases characterized by lipid peroxidation and ferroptosis.'*® Liao and others'?® discovered that trophoblast cells are
highly sensitive to ferroptosis, and the activated NRF2/GPX4 signaling pathway promotes trophoblast cell proliferation
and invasiveness, while reducing OS and apoptosis, offering positive implications for PE treatment. Conversely, ongoing
ferroptosis could reverse this process and exacerbate PE development. Studies have also shown that circ FURIN is
downregulated in PE-related tissues. Circ FURIN enhances trophoblast cell activity by inducing the expression of the
transcription factor AP-2 alpha (TFAP2A), targeting miR-34a-5p.*® Notably, TFAP2A plays a key role in ferroptosis; its
downregulation increases intracellular Fe2+ and malondialdehyde accumulation, thus intervening in the ferroptosis
process.'*%!3! Therefore, we hypothesize that circ FURIN is closely linked to the pathophysiological mechanisms of
PE through its regulation of the key ferroptosis pathway factor TFAP2A. Additionally, circRNA 0004904 and
circRNA_ 0001855 are significantly upregulated in PE, and their miRNA sponge target, Pregnancy-associated plasma
protein-A (PAPP-A), is overexpressed in vivo.'”” The levels of PAPP-A are linked to iron ions, inflammation, and OS in
the body. Moreover, circRNA 0111277, upregulated in PE placentas, influences the PE process by regulating trophoblast
cell migration and invasion via the miR-494-3p/Notch-1 axis.”® Similarly, in PE, highly expressed circ-DMNT]
collaborates with elevated p53 (a classic ferroptosis regulatory pathway) to inhibit trophoblast cell proliferation and
invasion, thereby promoting the onset of PE.'' Compared to the miRNA/ferroptosis and IncRNA/ferroptosis axes,
research on the circRNA/ferroptosis axis in PE is still nascent, with most circRNA molecules yet unstudied and their
functions unknown. Future research should validate the connections between circRNAs and the ferroptosis pathway and
further explore their potential roles in PE.
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In summary, ncRNAs constitute a distinct group of biomolecules with potent and extensive capabilities to regulate gene
expression. Although research on PE still has some gaps, the role of ncRNAs as regulators of the ferroptosis pathway in PE
is undeniable. Additionally, ncRNAs hold promise as non-invasive diagnostic markers for PE, and compounds targeting
ncRNAs could represent promising therapeutic strategies for controlling disease-related gene expression.

Cancer Insights llluminating the Therapeutic Potential of ncRNA/Ferroptosis Axis in PE
In recent years, there has been a growing trend towards inducing ferroptosis in cancer cells as a means of eliminating
tumorous cells, as well as exploiting the ncRNA/ferroptosis axis as novel drug targets for cancer therapy. Extensive
research has revealed that a diverse array of ncRNAs, including specific examples such as IncRNA NEATI, can either
directly or indirectly regulate the expression of key ferroptosis-related genes, thereby playing a pivotal role in cancer
progression. The upregulation of IncRNA NEATT in response to ferroptosis inducers, notably erastin and RSL3, leads to
decreased intracellular levels of NADPH and GSH, ultimately enhancing ferroptosis. Importantly, NEAT1 overexpres-
sion significantly augments the antitumor efficacy of these ferroptosis inducers, erastin and RSL3, through potentiation of
ferroptosis in both experimental and preclinical settings.'** This pivotal discovery underscores a promising therapeutic
avenue for individuals afflicted with Hepatocellular Carcinoma. Furthermore, the modulation of ferroptosis sensitivity in
cancer cells embedded within the tumor microenvironment (TME) by ncRNAs has garnered considerable attention. For
instance, in lung squamous cell carcinoma (LUSC), a prevalent malignancy of the respiratory tract, the development and
progression of LUSC are intimately linked to the IncRNA/ferroptosis axis.'** This intricate interplay facilitates antitumor
immune responses by modulating the infiltration patterns of pertinent immune cells within the TME, thereby establishing
it as a promising therapeutic target for LUSC management.

Despite being distinct diseases, cancer and PE exhibit commonalities in cell death regulation, hypoxia, and inflam-
matory responses, which hint at potential translational applications of cancer research findings to PE therapies. Drawing
from the regulatory mechanisms of the ncRNA/ferroptosis axis in cancer research reveals that ncRNAs are capable of
modulating the expression of ferroptosis-related genes, either directly or indirectly, contributing to disease progression.
Specifically, IncFASA, in the context of breast cancer, has been shown to regulate ferroptosis by interacting with specific
domains of PRDX1 and modulating its activity, thereby exerting a tumor suppressive effect. This process involves
inhibiting PRDX1’s peroxidase activity, which leads to lipid peroxidation accumulation, disruption of intracellular ROS
homeostasis, and, ultimately, inhibition of tumor growth.'** Given these insights, it is intriguing to speculate whether the
IncRNA/ferroptosis axis could similarly impact placental trophoblast cell fate in PE by regulating PRDX1. Notably,
researchers have observed significant associations between altered PRDX1 expression, oxidative stress levels, and
neonatal birth weight in PE.'* Furthermore, investigations have clarified PRDX1’s role in trophoblast cells during
PE, influencing migration, invasion, and angiogenesis through modulation of autophagy and ROS levels.'*
Consequently, it is plausible to hypothesize that, analogous to IncFASA’s impact on cell fate through PRDX1 regulation
in cancer, ncRNAs/ferroptosis axes with similar functions could also influence the pathological processes of PE,
characterized by similar redox imbalances and alterations in PRDX1 activity. Nevertheless, this hypothesis awaits further
experimental validation to confirm its validity.

In conclusion, considering the intricate disease mechanisms and interindividual variability among pregnant women, it is
premature to definitively assert that the ncRNA/ferroptosis axis, previously implicated in cancer biology, will undoubtedly
find application in PE therapy. However, based on the current data, a plausible inference emerges, suggesting the existence
of such a potential. Future research endeavors will further clarify the potential roles and therapeutic avenues of these
ncRNA/ferroptosis axes in PE, thereby advancing our understanding of this complex disorder.

Conclusion and Prospects

To our knowledge, this review is the first to focus on the significance of the ncRNAs/ferroptosis axis in PE. Undoubtedly,
a close relationship exists between ferroptosis and PE, with increasing experimental evidence demonstrating that
ncRNAs regulate PE development through the ferroptosis pathway and that targeting these ncRNAs may inhibit or
promote disease progression. Abnormal expression of ncRNAs in PE acts as a crucial regulatory switch in its
pathophysiology, with ncRNAs, especially miRNAs and IncRNAs, extensively participating in various stages of PE
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pathogenesis.'*® Furthermore, the ferroptosis signaling pathway, engaged in multiple cellular functions, is critical for
the advancement of disease processes. Ferritin, a key component of this pathway, responds significantly to OS, with
changes in its expression indicating shifts in disease progression.'*” Yang and others>” proposed that ferritin light chains
could serve as potential biomarkers for PE. They identified a linear relationship between PE severity and ferroptosis,
closely linked to ferritin light chains levels in patient serum. As previously mentioned, the upregulation of miR-30b-5p
can trigger ferroptosis in trophoblast cells, while blocking miR-30b-5p directly inhibits ferroptosis, thereby reversing PE
onset.'? Therefore, it is speculated that the ncRNA/ferroptosis axis regulates various trophoblast cell activities, influen-
cing PE progression. Additionally, the ncRNA/ferroptosis axis participates in disease pathogenesis by regulating
inflammatory responses and the expression of PE-related proteins. Therefore, exploring the role of the ncRNA network
within ferroptosis is essential.

We have identified ncRNAs as critical therapeutic targets for PE, as they regulate trophoblast cell activity or disrupt
iron homeostasis through the ferroptosis pathway, thereby inducing PE. However, the mechanisms of action for many
ncRNAs remain unclear, as only a small portion has been studied in the context of ferroptosis and PE. The limited sample
sizes in related experiments and the complexity of the involved pathways and biological networks make understanding
ncRNAs related to PE challenging. Here, we outline several potential issues. First, iron, a crucial element in the human
body, increases during pregnancy to support fetal placental development. However, excessive iron-induced ferroptosis
negatively affects the biological behavior of trophoblast cells. Addressing how to use this “double-edged sword” to treat
PE is an urgent issue. Secondly, ncRNAs intersect with diseases influenced by ferroptosis, and there is cross-regulation
between other types of programmed cell death and ferroptosis.'>® NcRNAs can target multiple genes and may be
regulated simultaneously. For example, different ncRNAs may regulate the same target. The GOT1 pathway, which
induces ferroptosis, is co-inhibited by miR-9 and miR-2115-3p. In PE patients, both the miR-2115-3p-GOT1 and miR-
9-GOT1 axes are involved in regulation, while the overexpressed NEAT1 regulates the miR-9-GOT1 axis to promote
ferroptosis.'®*!3%14% The development and advancement of PE are influenced by multiple intricate factors, which
underscore the need for creating novel therapeutic strategies and more potent medications to prevent and manage this
condition. However, effective targeted treatment strategies are currently inadequate. In the future, ncRNA therapies
leveraging the ferroptosis pathway could offer potential innovative treatments for PE. Additionally, key proteins and
molecules within the ncRNAs/ferroptosis signaling pathways play a role in regulating PE and could serve as targets for
drug action. The dysregulation of ncRNAs in bodily fluids and extracellular vesicles makes them potential non-invasive
diagnostic biomarkers. NcRNAs have the capability to act as powerful, versatile regulators across all biological
processes. NcRNAs, particularly miRNA and IncRNA, play a role in interacting with the ferroptosis pathway, influencing
early diagnosis, progression, and treatment outcomes of PE. Notably, nanoparticles loaded with ncRNAs that target key
ferroptosis genes are actively tested in vitro and in vivo, and preparing ncRNA therapies chemically is straightforward.'*!

In our review of the impact of the ncRNA/ferroptosis axis on PE, we found that ncRNAs are vital in controlling iron
homeostasis and affecting the biological behavior of trophoblast cells. Besides being essential targets for the creation of
new drugs, they also lay the groundwork for discovering novel therapeutic targets to treat PE. Thus, this paper explores
the potential of ncRNAs as novel regulators through the ferroptosis pathway in controlling PE, including their potential
clinical application, although still in nascent stages. Therefore, more clinical trials are needed to deepen our under-
standing of ncRNAs related to the ferroptosis signaling pathway during the critical stages of PE development. In
summary, the application of the ncRNA/ferroptosis axis in the prevention, early treatment, and prognosis of PE shows
significant preclinical promise.

Acknowledgments
We thank the National Undergraduate Training Program for Innovation and Entrepreneurship for funding this research.

Funding

The work was supported by the National College Students’ Innovative Entrepreneurial Training Plan Program
(N0.202110823002, S202310823097, S202310823035S) ; the Hunan Provincial Education Commission Foundation
(20A056,22C0669,23A0664); the Hunan Provincial Health Commission Foundation (N0.202112041226,

1646 "= International Journal of Women’s Health 2024:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Zhang et al

D202302088596); the Innovation and Entrepreneurship Education Base of Public Health and Preventive Medicine
(Hunan Education Bureau Notice 2019 No0.333-93); the Funding by young backbone teachers of Hunan province training
program foundation of Changsha Medical University (Hunan Education Bureau Notice 2021 No.29-26).

Disclosure
The authors declare that the research was conducted in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

References

1. Ives CW, Sinkey R, Rajapreyar I, Tita ATN, Oparil S. Preeclampsia—pathophysiology and clinical presentations. J Ame Coll Cardiol. 2020;76
(14):1690-1702. doi:10.1016/j.jacc.2020.08.014
2. Al-Kuraishy HM, Al-Gareeb Al, Al-Maiahy TJ. Concept and connotation of oxidative stress in preeclampsia. J Lab Phys. 2020;10
(03):276-282.
3. Giannubilo S, Marzioni D, Tossetta G, Montironi R, Meccariello M, Ciavattini A. The ”bad father”: paternal role in biology of pregnancy and in
birth outcome. Biology. 2024;13(3):165. doi:10.3390/biology13030165
4. Mol BWIJ, Roberts CT, Thangaratinam S, Magee LA, de Groot CIM, Hofmeyr GJ. Pre-eclampsia. Lancet. 2016;387(10022):999-1011.
doi:10.1016/S0140-6736(15)00070-7
5. Poon LC, Shennan A, Hyett JA, et al. The international federation of gynecology and obstetrics (FIGO) initiative on pre-eclampsia: a pragmatic
guide for first-trimester screening and prevention. Int J Gynecol Obstet. 2019;145(S1):1-33. doi:10.1002/ijgo.12802
. Chappell LC, Cluver CA, Kingdom J, Tong S. Pre-eclampsia. Lancet. 2021;398(10297):341-354. doi:10.1016/S0140-6736(20)32335-7
. Dimitriadis E, Rolnik DL, Zhou W, et al. Pre-eclampsia. Nat Rev Dis Prim. 2023;9(1): 8.
. Collins LJ. The RNA infrastructure: an introduction to ncRNA networks. Adv Exp Med Biol. 2011;722:1-19.
. Liu Y, Cheng X, Li H, et al. Non-coding RNAS as novel regulators of neuroinflammation in alzheimer’s disease. Front Immunol. 2022;13.
. Panni S, Lovering RC, Porras P, Orchard S. Non-coding RNA regulatory networks. BBA. 2020;1863(6). doi:10.1016/j.bbagrm.2019.194417
. Sun N, Qin S, Zhang L, Liu S. Roles of noncoding RNAs in preeclampsia. Reprod Biol Endocrinol. 2021;19(1):100. doi:10.1186/s12958-021-
00783-4
12. Zhang H, He Y, Wang J-X, et al. miR-30-5p-mediated ferroptosis of trophoblasts is implicated in the pathogenesis of preeclampsia. Redox Biol.
2020;29:101402. doi:10.1016/j.redox.2019.101402
13. Wang Y, Liu S, Cui H, Chang Y. Downregulation of TCL6 protected human trophoblast cells from LPS-induced inflammation and ferroptosis.
Funct Integr Genomics. 2023;23(3):226. doi:10.1007/s10142-023-01148-3
14. Jiang X, Stockwell BR, Conrad M. Ferroptosis: mechanisms, biology and role in disease. Nat Rev Mol Cell Biol. 2021;22(4):266-282.
doi:10.1038/541580-020-00324-8
15. Sonia F, Federica P, Fabiola O, et al. Role of SLC7A11/xCT in ovarian cancer. Int J Mol Sci. 2024;25(1): 587.
16. S-W N, Norwitz SG, Norwitz ER. The impact of iron overload and ferroptosis on reproductive disorders in humans: implications for
preeclampsia. Int J Mol Sci. 2019;20(13). doi:10.3390/ijms20133283
17. Ding Y, Yang X, Han X, et al. Ferroptosis-related gene expression in the pathogenesis of preeclampsia. Front Genetics. 2022;13.
18. Anastasiadou E, Jacob LS, Slack FJ. Non-coding RNA networks in cancer. Nat Rev Cancer. 2017;18(1):5-18. doi:10.1038/nrc.2017.99
19. Mattick JS. Non-coding RNAs: the architects of eukaryotic complexity. EMBO Rep. 2001;2(11):986-991. doi:10.1093/embo-reports/kve230
20. Mattick JS, Makunin IV. Non-coding RNA. Human Molecular Genetics. 2006;15(suppl_1):R17-R29. doi:10.1093/hmg/dd1046
21. Winkle M, El-Daly SM, Fabbri M, Calin GA. Noncoding RNA therapeutics - challenges and potential solutions. Nat Rev Drug Discov. 2021;20
(8):629-651. doi:10.1038/541573-021-00219-z
22. Guo Z, Li Z, Zhang M, Bao M, He B, Zhou X. LncRNA FAS-AS1 upregulated by its genetic variation rs6586163 promotes cell apoptosis in
nasopharyngeal carcinoma through regulating mitochondria function and Fas splicing. Sci Rep. 2023;13(1):8218. doi:10.1038/541598-023-
35502-z
23. Wu'Y, Sun W, Kong Y, Liu B, Zeng M, Wang W. Restoration of microRNA-130b expression suppresses osteosarcoma cell malignant behavior
in vitro. Oncol Lett. 2018;16(1):97-104. doi:10.3892/01.2018.8643
24. Tang L, Wang Y, Xiang J, et al. IncRNA and circRNA expression profiles in the hippocampus of AB(25-35)-induced AD mice treated with
Tripterygium glycoside. Exp Ther Med. 2023;26(3):426. doi:10.3892/etm.2023.12125
25. PuM, Chen J, Tao Z, et al. Regulatory network of miRNA on its target: coordination between transcriptional and post-transcriptional regulation
of gene expression. Cell Mol Life Sci. 2019;76(3):441-451. doi:10.1007/s00018-018-2940-7
26. X-m Z, Han T, Sargent IL, G-w Y, Y-q Y. Differential expression profile of microRNAs in human placentas from preeclamptic pregnancies vs
normal pregnancies. Am J Clin Exp Obstet Gynecol. 2009;200(6):661.e661-661.e667.
27. Martina C, Martina M, Giovanni T, et al. First trimester placental biomarkers for pregnancy outcomes. /nt J Mol Sci. 2024;25(11):6136.
28. Chu X, Gu Y, Sheng W, et al. Downregulation of miR-126-3p expression contributes to increased inflammatory response in placental
trophoblasts in preeclampsia. J Reprod Immunol Apr. 2021;144:103281. doi:10.1016/j.jri.2021.103281
29. Frazier S, McBride MW, Mulvana H, Graham D. From animal models to patients: the role of placental microRNAs, miR-210, miR-126, and
miR-148a/152 in preeclampsia. Clin Sci. 2020;134(8):1001-1025. doi:10.1042/CS20200023
30. Zhang Y, Diao Z, Su L, et al. MicroRNA-155 contributes to preeclampsia by down-regulating CYR61. Am J Clin Exp Obstet Gynecol. 2010;202
(5):466.461-466.¢467. doi:10.1016/j.ajog.2010.01.057
31. Dai Y, Qiu Z, Diao Z, et al. MicroRNA-155 inhibits proliferation and migration of human extravillous trophoblast derived HTR-8/SVneo cells
via down-regulating cyclin D1. Placenta. 2012;33(10):824-829. doi:10.1016/j.placenta.2012.07.012

—_ O O 00 3N

—_

International Journal of Women’s Health 2024:16 hetps: 1647

Dove:


https://doi.org/10.1016/j.jacc.2020.08.014
https://doi.org/10.3390/biology13030165
https://doi.org/10.1016/S0140-6736(15)00070-7
https://doi.org/10.1002/ijgo.12802
https://doi.org/10.1016/S0140-6736(20)32335-7
https://doi.org/10.1016/j.bbagrm.2019.194417
https://doi.org/10.1186/s12958-021-00783-4
https://doi.org/10.1186/s12958-021-00783-4
https://doi.org/10.1016/j.redox.2019.101402
https://doi.org/10.1007/s10142-023-01148-3
https://doi.org/10.1038/s41580-020-00324-8
https://doi.org/10.3390/ijms20133283
https://doi.org/10.1038/nrc.2017.99
https://doi.org/10.1093/embo-reports/kve230
https://doi.org/10.1093/hmg/ddl046
https://doi.org/10.1038/s41573-021-00219-z
https://doi.org/10.1038/s41598-023-35502-z
https://doi.org/10.1038/s41598-023-35502-z
https://doi.org/10.3892/ol.2018.8643
https://doi.org/10.3892/etm.2023.12125
https://doi.org/10.1007/s00018-018-2940-7
https://doi.org/10.1016/j.jri.2021.103281
https://doi.org/10.1042/CS20200023
https://doi.org/10.1016/j.ajog.2010.01.057
https://doi.org/10.1016/j.placenta.2012.07.012
https://www.dovepress.com
https://www.dovepress.com

Zhang et al Dove

32

33.
34.

35.

36.

37.

38.

39.

40.

. Herman AB, Tsitsipatis D, Gorospe M. Integrated IncRNA function upon genomic and epigenomic regulation. Mol Cell. 2022;82
(12):2252-2266. doi:10.1016/j.molcel.2022.05.027

Bridges MC, Daulagala AC, Kourtidis A. LNCcation: IncRNA localization and function. J Cell Biol. 2021;220(2). doi:10.1083/jcb.202009045
Apicella C, Ruano CSM, Méhats C, Miralles F, Vaiman D. The role of epigenetics in placental development and the etiology of preeclampsia.
Int J Mol Sci. 2019;20(11). doi:10.3390/ijms20112837

Feng Y, Wang J, He Y, et al. HOXD8/DIAPH2-AS]1 epigenetically regulates PAX3 and impairs HTR-8/SVneo cell function under hypoxia.
Biosci Rep. 2019;39(1). doi:10.1042/BSR20182022

Jiang S, Chen Q, Liu H, et al. Preeclampsia-associated IncRNA INHBA-ASI1 regulates the proliferation, invasion, and migration of placental
trophoblast cells. Mol Ther Nucleic Acids. 2020;22:684-695. doi:10.1016/j.0omtn.2020.09.033

Liu H, Cai X, Liu J, Zhang F, He A, Li R. The MEG3 IncRNA promotes trophoblastic cell growth and invasiveness in preeclampsia by acting as
a sponge for miR-21, which regulates BMPR2 levels. Eur J Histochem. 2021;65(4). doi:10.4081/¢jh.2021.3323

Wang M, Zheng L, Ma S, Lin R, Li J, Yang S. Biogenesis and function of exosome IncRNAs and their role in female pathological pregnancy.
Front Endocrinol. 2023;14:1191721. doi:10.3389/fendo.2023.1191721

Chang QQ, Chen CY, Chen Z, Chang S. LncRNA PVTI promotes proliferation and invasion through enhancing Smad3 expression by sponging
miR-140-5p in cervical cancer. Radiol Oncol. 2019;53(4):443—452. doi:10.2478/raon-2019-0048

Chen S, Li Y, Zhi S, et al. IncRNA Xist regulates osteoblast differentiation by sponging miR-19a-3p in aging-induced osteoporosis. Aging Dis.
2020;11(5):1058-1068. doi:10.14336/AD.2019.0724

41. Zhou X, Lu J, Wu B, Guo Z. HOXA11-AS facilitates the proliferation, cell cycle process and migration of keloid fibroblasts through sponging
miR-188-5p to regulate VEGFA. J Dermatol Sci. 2022;106(2):111-118. doi:10.1016/j.jdermsci.2022.04.004

42. Zhou W-Y, Cai Z-R, Liu J, Wang D-S, H-Q J, R-H X. Circular RNA: metabolism, functions and interactions with proteins. Mol Cancer.
2020;19(1). doi:10.1186/s12943-020-01286-3

43. Xue XL, Zhao S, Xu MC, Li Y, Liu WF, Qin HZ. Circular RNA 0000326 accelerates breast cancer development via modulation of the
miR-9-3p/YAP1 axis. Neoplasma. 2023;70(3):430—442. doi:10.4149/neo_2023 220904N894

44. Jiang M, Lash Gendie E, Zhao X, Long Y, Guo C, Yang H. CircRNA-0004904, CircRNA-0001855, and PAPP-A: potential novel biomarkers
for the prediction of preeclampsia. Cell Physiol Biochem. 2018;46(6):2576-2586. doi:10.1159/000489685

45. Xu X, Teng H. circRNA circ_0055724 inhibits trophoblastic cell line HTR-8/SVneo’s invasive and migratory abilities via the miR-136/
N-cadherin axis. Dis Markers. 2022;2022:9390731. doi:10.1155/2022/9390731

46. Zhang S, Guo G. Circ_ FURIN promotes trophoblast cell proliferation, migration and invasion in preeclampsia by regulating miR-34a-5p and
TFAP2A. Hypertens Res. 2022;45(8):1334—1344. doi:10.1038/s41440-022-00934-z

47. Jia N, Li J. Role of circular RNAs in preeclampsia. Dis Markers. 2019;2019:7237495. doi:10.1155/2019/7237495

48. Shu C, Xu P, Han J, Han S, He J. Upregulation of circRNA hsa_circ_0008726 in pre-eclampsia inhibits trophoblast migration, invasion, and
EMT by regulating miR-345-3p/RYBP Axis. Reprod Sci. 2022;29(10):2829-2841. doi:10.1007/s43032-021-00804-y

49. Li Z, Zhou X, Gao W, Sun M, Chen H, Meng T. Circular RNA VRK1 facilitates pre-eclampsia progression via sponging miR-221-3P to regulate
PTEN/Akt. J Cell Mol Med. 2022;26(6):1826—1841. doi:10.1111/jcmm.16454

50. Zhao X, Zhong Y, Wang X, Shen J, An W. Advances in circular RNA and its applications. /nt J Med Sci. 2022;19(6):975-985. doi:10.7150/
ijms.71840

51. Lekva T, Michelsen AE, Roland MCP, et al. Increased ferroptosis in leukocytes from preeclamptic women involving the long non-coding
taurine upregulated gene 1 (TUGL). J Intern Med. 2024;295(2):181-195. doi:10.1111/joim.13732

52. Sun Z, Zou X, Bao M, et al. Role of ferroptosis in fibrosis diseases. 4m J Med Sci. 2023;366(2):87-95. doi:10.1016/j.amjms.2023.04.024

53. Rochette L, Dogon G, Rigal E, Zeller M, Cottin Y, Vergely C. Lipid peroxidation and iron metabolism: two corner stones in the homeostasis
control of ferroptosis. Int J Mol Sci. 2022;24(1):449. doi:10.3390/ijms24010449

54. RuQ, Li Y, Xie W, et al. Fighting age-related orthopedic diseases: focusing on ferroptosis. Bone Res. 2023;11(1):12. doi:10.1038/s41413-023-
00247-y

55. Zhou J, Guo T, Zhou L, et al. The ferroptosis signature predicts the prognosis and immune microenvironment of nasopharyngeal carcinoma. Sci
Rep. 2023;13(1):1861. doi:10.1038/s41598-023-28897-2

56. Dixon Scott J, Lemberg Kathryn M, Lamprecht Michael R, et al. Ferroptosis: an iron-dependent form of nonapoptotic cell death. Cell. 2012;149
(5):1060-1072. doi:10.1016/j.cell.2012.03.042

57. Beharier O, Kajiwara K, Sadovsky Y. Ferroptosis, trophoblast lipotoxic damage, and adverse pregnancy outcome. Placenta. 2021;108:32-38.
doi:10.1016/j.placenta.2021.03.007

58. Yang H, Zhang X, Ding Y, et al. Elabela: negative regulation of ferroptosis in trophoblasts via the ferritinophagy pathway implicated in the
pathogenesis of preeclampsia. Cells. 2022;12(1):99. doi:10.3390/cells12010099

59. Yang X, Ding Y, Sun L, et al. Ferritin light chain deficiency-induced ferroptosis is involved in preeclampsia pathophysiology by disturbing
uterine spiral artery remodelling. Redox Biol. 2022;58:102555. doi:10.1016/j.redox.2022.102555

60. Zhang J, Liu X, Li X, et al. The emerging role of noncoding RNA regulation of the ferroptosis in cardiovascular diseases. Oxid Med Cell
Longev. 2022;2022:3595745. doi:10.1155/2022/3595745

61. Luo W, Wang J, Xu W, et al. LncRNA RP11-89 facilitates tumorigenesis and ferroptosis resistance through PROM2-activated iron export by
sponging miR-129-5p in bladder cancer. Cell Death Dis. 2021;12(11):1043. doi:10.1038/s41419-021-04296-1

62. LuJ, Xu F, Lu H. LncRNA PVT1 regulates ferroptosis through miR-214-mediated TFR1 and p53. Life Sci. 2020;260:118305. doi:10.1016/j.
1£5.2020.118305

63. Jin S, Liu PS, Zheng D, Xie X. The interplay of miRNAs and ferroptosis in diseases related to iron overload. Apoptosis. 2024;29(1-2):45-65.
doi:10.1007/510495-023-01890-w

64. Yang W, Ding N, Luo R, et al. Exosomes from young healthy human plasma promote functional recovery from intracerebral hemorrhage via
counteracting ferroptotic injury. Bioact Mater. 2023;27:1-14. doi:10.1016/j.bioactmat.2023.03.007

65. Jiang M, Jike Y, Liu K, et al. Exosome-mediated miR-144-3p promotes ferroptosis to inhibit osteosarcoma proliferation, migration, and
invasion through regulating ZEB1. Mol Cancer. 2023;22(1):113. doi:10.1186/s12943-023-01804-z

1648 https: International Journal of Women’s Health 2024:16

Dove!


https://doi.org/10.1016/j.molcel.2022.05.027
https://doi.org/10.1083/jcb.202009045
https://doi.org/10.3390/ijms20112837
https://doi.org/10.1042/BSR20182022
https://doi.org/10.1016/j.omtn.2020.09.033
https://doi.org/10.4081/ejh.2021.3323
https://doi.org/10.3389/fendo.2023.1191721
https://doi.org/10.2478/raon-2019-0048
https://doi.org/10.14336/AD.2019.0724
https://doi.org/10.1016/j.jdermsci.2022.04.004
https://doi.org/10.1186/s12943-020-01286-3
https://doi.org/10.4149/neo_2023_220904N894
https://doi.org/10.1159/000489685
https://doi.org/10.1155/2022/9390731
https://doi.org/10.1038/s41440-022-00934-z
https://doi.org/10.1155/2019/7237495
https://doi.org/10.1007/s43032-021-00804-y
https://doi.org/10.1111/jcmm.16454
https://doi.org/10.7150/ijms.71840
https://doi.org/10.7150/ijms.71840
https://doi.org/10.1111/joim.13732
https://doi.org/10.1016/j.amjms.2023.04.024
https://doi.org/10.3390/ijms24010449
https://doi.org/10.1038/s41413-023-00247-y
https://doi.org/10.1038/s41413-023-00247-y
https://doi.org/10.1038/s41598-023-28897-2
https://doi.org/10.1016/j.cell.2012.03.042
https://doi.org/10.1016/j.placenta.2021.03.007
https://doi.org/10.3390/cells12010099
https://doi.org/10.1016/j.redox.2022.102555
https://doi.org/10.1155/2022/3595745
https://doi.org/10.1038/s41419-021-04296-1
https://doi.org/10.1016/j.lfs.2020.118305
https://doi.org/10.1016/j.lfs.2020.118305
https://doi.org/10.1007/s10495-023-01890-w
https://doi.org/10.1016/j.bioactmat.2023.03.007
https://doi.org/10.1186/s12943-023-01804-z
https://www.dovepress.com
https://www.dovepress.com

Dove

Zhang et al

66.

67.

68.

69.

70.

Zhang B, Bao W, Zhang S, et al. LncRNA HEPFAL accelerates ferroptosis in hepatocellular carcinoma by regulating SLC7A11 ubiquitination.
Cell Death Dis. 2022;13(8):734. doi:10.1038/541419-022-05173-1

Chen Q, Zheng W, Guan J, et al. SOCS2-enhanced ubiquitination of SLC7A11 promotes ferroptosis and radiosensitization in hepatocellular
carcinoma. Cell Death Differ. 2023;30(1):137-151. doi:10.1038/s41418-022-01051-7

Luo M, Wu L, Zhang K, et al. miR-137 regulates ferroptosis by targeting glutamine transporter SLC1A5 in melanoma. Cell Death Differ.
2018;25(8):1457-1472. doi:10.1038/s41418-017-0053-8

Ding C, Ding X, Zheng J, et al. miR-182-5p and miR-378a-3p regulate ferroptosis in I/R-induced renal injury. Cell Death Dis. 2020;11(10).
doi:10.1038/s41419-020-03135-z

Hemono M, E U, Azeredo K, Salinas-Giegé T, Drouard L, Duchéne AM. Arabidopsis voltage-dependent anion channels (VDACs): overlapping
and specific functions in mitochondria. Cells. 2020;9(4):1023. doi:10.3390/cells9041023

71. Yao GY, Zhu Q, Xia J, et al. Ischemic postconditioning confers cerebroprotection by stabilizing VDACs after brain ischemia. Cell Death Dis.
2018;9(10):1033. doi:10.1038/s41419-018-1089-5

72. Wang F, Qiang Y, Zhu L, et al. MicroRNA-7 downregulates the oncogene VDACI to influence hepatocellular carcinoma proliferation and
metastasis. Tumour Biol. 2016;37(8):10235-10246. doi:10.1007/s13277-016-4836-1

73. Zhou S, Huang Y, Xing J, et al. ncFO: a comprehensive resource of curated and predicted NCRNAS associated with ferroptosis. Genomics
Proteomics Bioinf. 2023;21(2):278-282. doi:10.1016/j.gpb.2022.09.004

74. Chew CL, Conos SA, Unal B, Tergaonkar V. Noncoding RNAs: master regulators of inflammatory signaling. Trends Mol Med. 2018;24
(1):66-84. doi:10.1016/j.molmed.2017.11.003

75. Yoshioka Y, Kosaka N, Ochiya T, Kato T. Micromanaging Iron Homeostasis: hypoxia-inducible micro-RNA-210 suppresses iron
homeostasis-related proteins. J Biol Chem. 2012;287(41):34110-34119. doi:10.1074/jbc.M112.356717

76. Lee DC, Romero R, Kim JS, et al. miR-210 targets iron-sulfur cluster scaffold homologue in human trophoblast cell lines: siderosis of
interstitial trophoblasts as a novel pathology of preterm preeclampsia and small-for-gestational-age pregnancies. Am J Pathol. 2011;179
(2):590-602. doi:10.1016/j.ajpath.2011.04.035

77. Gao X, Hu W, Qian D, et al. The mechanisms of ferroptosis under hypoxia. Cell Mol Neurobiol. 2023;43(7):3329-3341. doi:10.1007/s10571-
023-01388-8

78. Xiang S, Yan W, Ren X, Feng J, Zu X. Role of ferroptosis and ferroptosis-related long non’coding RNA in breast cancer. Cell Mol Biol Lett.
2024;29(1):40. doi:10.1186/s11658-024-00560-2

79. Wang H, Liu C, Zhao Y, Gao G. Mitochondria regulation in ferroptosis. Eur J Cell Biol. 2020;99(1):151058. doi:10.1016/j.ejcb.2019.151058

80. Shmuel-Galia L, Humphries F, Vierbuchen T, et al. The IncRNA HOXA1los regulates mitochondrial function in myeloid cells to maintain
intestinal homeostasis. Cell Metab. 2023;35(8):1441-1456.¢1449. doi:10.1016/j.cmet.2023.06.019

81. Xie L, Yan J. y-tocotrienol regulates gastric cancer by targeting notch signaling pathway. Hereditas. 2023;160(1):15. doi:10.1186/s41065-023-
00277-w

82. Gao P, Yi J, Chen W, et al. Pericyte-derived exosomal miR-210 improves mitochondrial function and inhibits lipid peroxidation in vascular
endothelial cells after traumatic spinal cord injury by activating JAK1/STAT3 signaling pathway. J Nanobiotechnol. 2023;21(1):452.
doi:10.1186/5s12951-023-02110-y

83. Wu H, Liu A. Long non-coding RNA NEAT! regulates ferroptosis sensitivity in non-small-cell lung cancer. J Int Med Res. 2021;49
(3):300060521996183. doi:10.1177/0300060521996183

84. Chen Y, Fang Z-M, Yi X, Wei X, Jiang D-S. The interaction between ferroptosis and inflammatory signaling pathways. Cell Death Dis. 2023;14
(3): 205.

85. Shen K, Wang X, Wang Y, et al. miR-125b-5p in adipose derived stem cells exosome alleviates pulmonary microvascular endothelial cells
ferroptosis via Keapl/Nrf2/GPX4 in sepsis lung injury. Redox Biol. 2023;62:102655. doi:10.1016/j.redox.2023.102655

86. Zhou S, Li J, Yang W, et al. Noninvasive preeclampsia prediction using plasma cell-free RNA signatures. Am J Obstet Gynecol. 2023;229
(5):553.1-553.e16. doi:10.1016/j.ajog.2023.05.015

87. Hu L, Ma J, Cao M, et al. Exosomal mRNA and IncRNA profiles in cord blood of preeclampsia patients. J Matern Fetal Neonatal Med.
2022;35(25):8199-8209. doi:10.1080/14767058.2021.1966413

88. Hu X, Li X, Tian GG, Zhang H, Cheng W, Wu J. Expression profiling dataset of competing endogenous RNA in pre-eclampsia. Data Brief.
2019;27:104795. doi:10.1016/j.dib.2019.104795

89. Qi X, Chen X, Zhao Y, Chen J, Niu B, Shen B. Prognostic roles of cerna network-based signatures in gastrointestinal cancers. Front Oncol.
2022;12:921194. doi:10.3389/fonc.2022.921194

90. Abbas MA, Abo Shady HM, Ahmed Elshafey OH, Al-Sheikh NM. Association between expression levels of p53, miRNA-21, and
IncRNA-TCLG6 and the risk of preeclampsia in pregnant women. Gene. 2024;893:147932. doi:10.1016/j.gene.2023.147932

91. Calicchio R, Buffat C, Mathieu JR, et al. Preeclamptic plasma induces transcription modifications involving the AP-1 transcriptional regulator
JDP2 in endothelial cells. Am J Pathol. 2013;183(6):1993-2006. doi:10.1016/j.ajpath.2013.08.020

92. Xu'Y, Xia X, Jiang Y, et al. Down-regulated IncRNA AGAP2-AS]1 contributes to pre-eclampsia as a competing endogenous RNA for JDP2 by
impairing trophoblastic phenotype. J Cell Mol Med Apr. 2020;24(8):4557-4568. doi:10.1111/jcmm.15113

93. Gao Y, Guo X, Li Y, Sha W, She R. The decreased IncRNA ZEB2-AS1 in pre-eclampsia controls the trophoblastic cell line HTR-8/SVneo’s
invasive and migratory abilities via the miR-149/PGF axis. J Cell Biochem. 2019;120(10):17677-17686. doi:10.1002/jcb.29034

94. Cheng D, Jiang S, Chen J, Li J, Ao L, Zhang Y. Upregulated long noncoding RNA Linc00261 in pre-eclampsia and its effect on trophoblast
invasion and migration via regulating miR-558/TIMP4 signaling pathway. J Cell Biochem. 2019;120(8):13243-13253. doi:10.1002/jcb.28598

95. Wang R, Zou L, Yang X. microRNA-210/ Long non-coding RNA MEG3 axis inhibits trophoblast cell migration and invasion by suppressing
EMT process. Placenta. 2021;109:64—71. doi:10.1016/j.placenta.2021.04.016

96. Ou Y, Zhu L, Wei X, et al. Circular RNA circ 0111277 attenuates human trophoblast cell invasion and migration by regulating miR-494/
HTRA1/Notch-1 signal pathway in pre-eclampsia. Cell Death Dis. 2020;11(6):479. doi:10.1038/s41419-020-2679-6

97. Shen XY, Zheng LL, Huang J, et al. CircTRNCI18 inhibits trophoblast cell migration and epithelial-mesenchymal transition by regulating
miR-762/Grhl2 pathway in pre-eclampsia. RNA Biol. 2019;16(11):1565-1573. doi:10.1080/15476286.2019.1644591

International Journal of Women’s Health 2024:16 https: 1649

Dove:


https://doi.org/10.1038/s41419-022-05173-1
https://doi.org/10.1038/s41418-022-01051-7
https://doi.org/10.1038/s41418-017-0053-8
https://doi.org/10.1038/s41419-020-03135-z
https://doi.org/10.3390/cells9041023
https://doi.org/10.1038/s41419-018-1089-5
https://doi.org/10.1007/s13277-016-4836-1
https://doi.org/10.1016/j.gpb.2022.09.004
https://doi.org/10.1016/j.molmed.2017.11.003
https://doi.org/10.1074/jbc.M112.356717
https://doi.org/10.1016/j.ajpath.2011.04.035
https://doi.org/10.1007/s10571-023-01388-8
https://doi.org/10.1007/s10571-023-01388-8
https://doi.org/10.1186/s11658-024-00560-2
https://doi.org/10.1016/j.ejcb.2019.151058
https://doi.org/10.1016/j.cmet.2023.06.019
https://doi.org/10.1186/s41065-023-00277-w
https://doi.org/10.1186/s41065-023-00277-w
https://doi.org/10.1186/s12951-023-02110-y
https://doi.org/10.1177/0300060521996183
https://doi.org/10.1016/j.redox.2023.102655
https://doi.org/10.1016/j.ajog.2023.05.015
https://doi.org/10.1080/14767058.2021.1966413
https://doi.org/10.1016/j.dib.2019.104795
https://doi.org/10.3389/fonc.2022.921194
https://doi.org/10.1016/j.gene.2023.147932
https://doi.org/10.1016/j.ajpath.2013.08.020
https://doi.org/10.1111/jcmm.15113
https://doi.org/10.1002/jcb.29034
https://doi.org/10.1002/jcb.28598
https://doi.org/10.1016/j.placenta.2021.04.016
https://doi.org/10.1038/s41419-020-2679-6
https://doi.org/10.1080/15476286.2019.1644591
https://www.dovepress.com
https://www.dovepress.com

Zhang et al Dove

98

99

. LiX, Yang R, Xu Y, Zhang Y. Circ_0001438 participates in the pathogenesis of preeclampsia via the circ_0001438/miR-942/NLRP3 regulatory
network. Placenta. 2021;104:40-50. doi:10.1016/j.placenta.2020.11.005

. Zhang XL, Xu FX, Han XY. siRNA-mediated NCAM1 gene silencing suppresses oxidative stress in pre-eclampsia by inhibiting the p38MAPK
signaling pathway. J Cell Biochem. 2019;120(11):18608-18617. doi:10.1002/jcb.28778

100. Lin J, Zhou Y, Gu W, Tahmasbpour E. Novel piRNA regulates PIWIL1 to modulate the behavior of placental trophoblast cells and participates
in preeclampsia. Oxid Med Cell Longev. 2022;2022:1-19.

101. Roberts JM, Rich-Edwards JW, McElrath TF, Garmire L, Myatt L. Subtypes of preeclampsia: recognition and determining clinical usefulness.
Hypertension. 2021;77(5):1430-1441. doi:10.1161/HYPERTENSIONAHA.120.14781

102. Lopez P, Castro A, Florez M, et al. miR-155 and miR-122 expression of spermatozoa in obese subjects. Front Genetics. 2018;9. doi:10.3389/
fgene.2018.00175

103. Wang Y, Jie L, Gong H, et al. miR-30 inhibits proliferation of trophoblasts in preeclampsia rats partially related to MAPK/ERK pathway. Exp
Ther Med. 2020;20(2):1379-1384. doi:10.3892/etm.2020.8866

104. Deng Y, Lai W, Yu L, Zhang W, Ding Y. miR-2115-3p inhibits ferroptosis by downregulating the expression of glutamic-oxaloacetic
transaminase in preeclampsia. Placenta. 2022;129:94-103. doi:10.1016/j.placenta.2022.09.014

105. Kim S, Park M, Kim JY, et al. Circulating miRNAs associated with dysregulated vascular and trophoblast function as target-based diagnostic
biomarkers for preeclampsia. Cells. 2020;9(9):2003. doi:10.3390/cells9092003

106. Yang WS, Stockwell BR. Synthetic lethal screening identifies compounds activating iron-dependent, nonapoptotic cell death in oncogenic-RAS-
harboring cancer cells. Chem Biol. 2008;15(3):234-245. doi:10.1016/j.chembiol.2008.02.010

107. Sun Z, Wu J, Bi Q, Wang W. Exosomal IncRNA TUGI derived from human urine-derived stem cells attenuates renal ischemia/reperfusion
injury by interacting with SRSF1 to regulate ASCL4-mediated ferroptosis. Stem Cell Res Ther. 2022;13(1). doi:10.1186/s13287-022-02986-x

108. Chen J, Li X, Liu H, et al. Bone marrow stromal cell-derived exosomal circular RNA improves diabetic foot ulcer wound healing by activating
the nuclear factor erythroid 2-related factor 2 pathway and inhibiting ferroptosis. Diabet Med. 2023;40(7):e15031. doi:10.1111/dme.15031

109. Jiang M, Lash GE, Zhao X, Long Y, Guo C, Yang H. CircRNA-0004904, CircRNA-0001855, and PAPP-A: potential novel biomarkers for the
prediction of preeclampsia. Cell Physiol Biochem. 2018;46(6):2576-2586.

110. Bao D, Zhuang C, Jiao Y, Yang L. The possible involvement of circRNA DMNT1/p53/JAK/STAT in gestational diabetes mellitus and
preeclampsia. Cell Death Discovery. 2022;8(1). doi:10.1038/s41420-022-00913-w

111. Liang Z, Wu Q, Wang H, et al. Silencing of IncRNA MALAT]1 facilitates erastin-induced ferroptosis in endometriosis through miR-145-5p/
MUCI signaling. Cell Death Discov Apr. 2022;8(1):190. doi:10.1038/s41420-022-00975-w

112. Li L, Zhang Y, Gao Y, et al. LncSNHG14 promotes nutlin3a resistance by inhibiting ferroptosis via the miR-206 /SLC7AIll axis in
osteosarcoma cells. Cancer Gene Ther. 2023;30(5):704-715. doi:10.1038/s41417-022-00581-z

113. Wang H, Shen G, Liu M, Mao L, Mao H. Expression and clinical significance of IncRNA TCL6 in serum of patients with preeclampsia. Exp
Ther Med. 2021;23(1). doi:10.3892/etm.2021.10963

114. Zhao Y-H, Liu Y-L, Fei K-L, Li P. Long non-coding RNA HOTAIR modulates the progression of preeclampsia through inhibiting miR-106 in
an EZH2-dependent manner. Life Sci. 2020;253.

115. Jin Z-L, Gao W-Y, Liao S-J, et al. Paeonol inhibits the progression of intracerebral haemorrhage by mediating the HOTAIR/UPF1/ACSL4 axis.
ASN Neuro. 2021;13.

116. Zhang F, Wang D. The Pattern of microRNA Binding Site Distribution. Genes. 2017;8(11):296. doi:10.3390/genes8110296

117. Zolea F, Battaglia AM, Chiarella E, et al. Ferritin heavy subunit silencing blocks the erythroid commitment of K562 cells via miR-150
up-regulation and GATA-1 repression. Int J Mol Sci. 2017;18(10):2167. doi:10.3390/ijms18102167

118. Yuan S, Yuan X, Li L. Long non-coding RNA HOXA11-AS protects the barrier function of corneal endothelial cells by sponging
microRNA-155 to alleviate corneal endothelial injury. Am J Transl Res. 2022;14(12):8489-8503.

119. Yuan S, Yuan X, Li L, Passos dos Santos R, Gaestel M, David S. TNF and increased intracellular iron alter macrophage polarization to
a detrimental m1 phenotype in the injured spinal cord. Neuron. 2014;83(5):1098-1116. doi:10.1016/j.neuron.2014.07.027

120. Li W, Fu H, Fang L, et al. Shikonin induces ferroptosis in multiple myeloma via GOT1-mediated ferritinophagy. Front Oncol. 2022;12.

121. Lei G, Zhuang L, Gan B. Targeting ferroptosis as a vulnerability in cancer. Nat Rev Cancer. 2022;22(7):381-396. doi:10.1038/s41568-022-
00459-0

122. Zhou J, Xiao C, Zheng S, et al. MicroRNA-214-3p aggravates ferroptosis by targeting GPX4 in cisplatin-induced acute kidney injury. Cell
Stress Chaperones. 2022;27(4):325-336. doi:10.1007/s12192-022-01271-3

123. Mahmoudi-Lamouki R, Kadkhoda S, Hussen BM, Ghafouri-Fard S. Emerging role of miRNAs in the regulation of ferroptosis. Front Mol
Biosci. 2023;10.

124. Qu L, He X, Tang Q, Fan X, Liu J, Lin A. Iron metabolism, ferroptosis, and IncRNA in cancer: knowns and unknowns. J Zhejiang Univ Sci B.
2022;23(10):844-862. doi:10.1631/jzus.B2200194

125. Li Q, Wang T, Huang S, et al. LncRNA MALAT] affects the migration and invasion of trophoblast cells by regulating FOS expression in
early-onset preeclampsia. Pregnancy Hypertens. 2020;21:50-57. doi:10.1016/j.preghy.2020.05.001

126. Xu Y, Ge Z, Zhang E, et al. The IncRNA TUG! modulates proliferation in trophoblast cells via epigenetic suppression of RND3. Cell Death
Dis. 2017;8(10):e3104—3104. doi:10.1038/cddis.2017.503

127. Song X, Luo X, Gao Q, Wang Y, Gao Q, Long W. Dysregulation of LncRNAs in placenta and pathogenesis of preeclampsia. Current Drug
Targets. 2017;18(10). doi:10.2174/1389450118666170404160000

128. Dodson M, Castro-Portuguez R, Zhang DD. NRF2 plays a critical role in mitigating lipid peroxidation and ferroptosis. Redox Biol.
2019;23:101107. doi:10.1016/j.redox.2019.101107

129. Liao T, Xu X, Ye X, Yan J. DJ-1 upregulates the Nrf2/GPX4 signal pathway to inhibit trophoblast ferroptosis in the pathogenesis of
preeclampsia. Sci Rep. 2022;12(1). doi:10.1038/541598-022-07065-y

130. Huang HX, Yang G, Yang Y, Yan J, Tang XY, Pan Q. TFAP2A is a novel regulator that modulates ferroptosis in gallbladder carcinoma cells via
the Nrf2 signalling axis. Eur Rev Med Pharmacol Sci. 2020;24(9):4745-4755. doi:10.26355/eurrev_202005_21163

131. Jin C, Luo Y, Liang Z, et al. Crucial role of the transcription factors family activator protein 2 in cancer: current clue and views. J Transl Med.
2023;21(1). doi:10.1186/s12967-023-04189-1

1650 https: International Journal of Women’s Health 2024:16

Dove!


https://doi.org/10.1016/j.placenta.2020.11.005
https://doi.org/10.1002/jcb.28778
https://doi.org/10.1161/HYPERTENSIONAHA.120.14781
https://doi.org/10.3389/fgene.2018.00175
https://doi.org/10.3389/fgene.2018.00175
https://doi.org/10.3892/etm.2020.8866
https://doi.org/10.1016/j.placenta.2022.09.014
https://doi.org/10.3390/cells9092003
https://doi.org/10.1016/j.chembiol.2008.02.010
https://doi.org/10.1186/s13287-022-02986-x
https://doi.org/10.1111/dme.15031
https://doi.org/10.1038/s41420-022-00913-w
https://doi.org/10.1038/s41420-022-00975-w
https://doi.org/10.1038/s41417-022-00581-z
https://doi.org/10.3892/etm.2021.10963
https://doi.org/10.3390/genes8110296
https://doi.org/10.3390/ijms18102167
https://doi.org/10.1016/j.neuron.2014.07.027
https://doi.org/10.1038/s41568-022-00459-0
https://doi.org/10.1038/s41568-022-00459-0
https://doi.org/10.1007/s12192-022-01271-3
https://doi.org/10.1631/jzus.B2200194
https://doi.org/10.1016/j.preghy.2020.05.001
https://doi.org/10.1038/cddis.2017.503
https://doi.org/10.2174/1389450118666170404160000
https://doi.org/10.1016/j.redox.2019.101107
https://doi.org/10.1038/s41598-022-07065-y
https://doi.org/10.26355/eurrev_202005_21163
https://doi.org/10.1186/s12967-023-04189-1
https://www.dovepress.com
https://www.dovepress.com

Dove

Zhang et al

132. Ying Z, Meiying L, Xiaohong C, Douglas OC, Yongfei Y. Long noncoding RNA NEAT1 promotes ferroptosis by modulating the miR-362-3p/
MIOX axis as a ceRNA. Cell Death Differ. 2022;29(9).

133. Wentao W, Guanghui C, Song Z. Identification of clinical prognostic regulators and analysis of ferroptosis-related signatures in the tumor
immune microenvironment in lung squamous cell carcinoma. Dis Markers. 2023;2023:9155944.

134. Xiao F, Fangzhou L, Xiang W, et al. LncFASA promotes cancer ferroptosis via modulating PRDX1 phase separation. Sci China Life Sci.
2023;67(3): 488-503.

135. Balint A, K AF, Eva P, et al. Upregulation of exofacial peroxiredoxin-thioredoxin system of lymphocytes and monocytes in preeclampsia.
Pregnancy Hypertens. 2023;31: 54-9.

136. Meijuan Z, Junjun G, Shuxian L, et al. Effect of peroxiredoxin 1 on the regulation of trophoblast function by affecting autophagy and oxidative
stress in preeclampsia. J Assist Reprod Genet. 2023;40(7):1573-87.

137. Torti FM, Torti SV. Regulation of ferritin genes and protein. Blood. 2002;99(10):3505-3516. doi:10.1182/blood.V99.10.3505

138. Zhang X, Wang L, Li H, Zhang L, Zheng X, Cheng W. Crosstalk between noncoding RNAs and ferroptosis: new dawn for overcoming cancer
progression. Cell Death Dis. 2020;11(7):580. doi:10.1038/s41419-020-02772-8

139. Zhang K, Wu L, Zhang P, et al. miR-9 regulates ferroptosis by targeting glutamic-oxaloacetic transaminase GOT1 in melanoma. Mol Carcinog.
2018;57(11):1566—1576. doi:10.1002/mc.22878

140. Wei XB, Jiang WQ, Zeng JH, et al. Exosome-derived IncRNA NEAT1 exacerbates sepsis-associated encephalopathy by promoting ferroptosis
through regulating miR-9-5p/TFRC and GOT1 axis. Mol Neurobiol. 2022;59(3):1954-1969. doi:10.1007/s12035-022-02738-1

141. Balihodzic A, Prinz F, Dengler MA, Calin GA, Jost PJ, Pichler M. Non-coding RNAs and ferroptosis: potential implications for cancer therapy.
Cell Death Differ. 2022;29(6):1094-1106. doi:10.1038/s41418-022-00998-x

International Journal of Women’s Health Dove

Publish your work in this journal

The International Journal of Women’s Health is an international, peer-reviewed open-access journal publishing original research, reports,
editorials, reviews and commentaries on all aspects of women’s healthcare including gynecology, obstetrics, and breast cancer. The manuscript
management system is completely online and includes a very quick and fair peer-review system, which is all easy to use. Visit http://www.
dovepress.com/testimonials.php to read real quotes from published authors.

Submit your manuscript here: https://www.dovepress.com/international-journal-of-womens-health-journal

International Journal of Women’s Health 2024:16 “ i in u Dove 1651


https://doi.org/10.1182/blood.V99.10.3505
https://doi.org/10.1038/s41419-020-02772-8
https://doi.org/10.1002/mc.22878
https://doi.org/10.1007/s12035-022-02738-1
https://doi.org/10.1038/s41418-022-00998-x
https://www.dovepress.com
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
https://www.facebook.com/DoveMedicalPress/
https://twitter.com/dovepress
https://www.linkedin.com/company/dove-medical-press
https://www.youtube.com/user/dovepress
https://www.dovepress.com
https://www.dovepress.com

	Introduction
	Expression and Function of ncRNA in Preeclampsia
	MiRNAs in Preeclampsia
	LncRNAs in Preeclampsia
	CircRNAs in Preeclampsia

	Key Molecular Mechanisms of ncRNA Regulation in the Ferroptosis Pathway
	Regulation of Key Ferroptosis Genes by ncRNA
	Regulation of Key Proteins in the Ferroptosis Pathway by ncRNA
	ncRNA-Mediated Transmission of Ferroptosis Signals

	Regulation of ncRNA Networks in PE
	Role of the ncRNA/Ferroptosis Axis in PE
	Role of the miRNA/Ferroptosis Axis in PE
	Role of the lncRNA/Ferroptosis Axis in PE
	Role of the circRNA/Ferroptosis Axis in PE
	Cancer Insights Illuminating the Therapeutic Potential of ncRNA/Ferroptosis Axis in PE

	Conclusion and Prospects
	Acknowledgments
	Funding
	Disclosure

