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ARTICLE INFO ABSTRACT
Keywords: Depressive disorders have a significant impact on public health, and depression have an unsat-
NcRNAs isfactory recurrence rate and are challenging to treat. Non-coding RNAs (ncRNAs) are RNAs that
Depression do not code protein, which have been shown to be crucial for transcriptional regulation. NcRNAs
MicroRNA . . .
Biomarker are important to the onset, progress and treatment of depression because they regulate various
Mechanism physiological functions. This makes them distinctively useful as biomarkers for diagnosing and

tracking responses to therapy among individuals with depression. It is important to seek out and
summarize the research findings on the impact of ncRNAs on depression since significant ad-
vancements have been made in this area recently. Hence, we methodically outlined the findings
of published researches on ncRNAs and depression, focusing on microRNAs. Above all, this re-
view aims to improve our understanding of ncRNAs and provide new insights of the diagnosis and
treatment of depression.

1. Introduction

Depression (known as major depressive disorder or MDD), one of the most widespread and painful disorders affecting people’s
personal and public health, has been deemed to have an unsatisfactory recurrence rate and to be challenging to treat [1,2]. It not only
places a heavy financial burden on families and affected individuals but also has a detrimental effect on their quality of life [3,4].
However, the mechanisms behind depression’s development remain poorly understood, and the precise diagnostic markers of
depression are difficult to determine, so many patients are still not helped by the available medications [5,6]. Recently, more and more
studies on non-coding RNAs (ncRNAs) have been conducted in the context of depression, suggesting their great potential in the
pathogenesis, diagnostic detection and clinical treatment of depression [7].

NcRNA refers to non-coding RNA molecules transcribed from the genome, which do not encode proteins. In general, ncRNAs can be
categorized into two groups: housekeeping ncRNAs and regulatory ncRNAs. The housekeeping ncRNAs, ranging from 50 to 500 nu-
cleotides (nt) in size, are ubiquitously expressed across all cell types and play an indispensable role in maintaining cellular viability.
Examples of such essential ncRNAs include ribosomal RNA (rRNA) and transfer RNA (tRNA). On the other hand, regulatory ncRNAs
can be further classified into small non-coding RNAs (sncRNAs) and long non-coding RNAs (IncRNAs), depending on whether their
lengths exceed 200 nt. Among them, sncRNA comprises microRNAs (miRNAs), small interfering RNAs (siRNAs), and other similar
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molecules. However, certain ncRNAs with variable lengths, such as circular RNAs (circRNAs), may fall into both categories [8].

Recently, an increasing number of studies have revealed a strong correlation between non-coding RNAs and depression. Specif-
ically, certain circRNAs function as miRNA sponges to shield them from pathogenic factors. Moreover, several ncRNAs are promising
diagnostic targets for the treatment of depression [8].

The ncRNAs we focus on are miRNA, siRNA, IncRNA and circRNA, which are crucial for transcriptional regulation [9]. NcRNAs
have become a very hot area in biomedical research, and high-throughput genome technology has been expanding quickly. There have
been numerous clinical uses and studies of the mechanisms of ncRNAs. Specifically, they serve as biomarkers for diagnosing depression
and anxiety and tracking therapeutic responses to these conditions [10]. A lot of recent research has proved the relationship between
ncRNAs and depression [11,12]. For instance, siRNA can be an effective experimental tool to study depression [13]. MiRNA can be
thought of as a peripheral indicator of diagnosis and therapeutic response [14-16].

Additionally, the available types of databases and tools are expanding. Native and denaturing NcRNA purification technologies are
becoming more common and advanced, collecting or combining basic annotations and functional information from ncRNA transcripts
[17,18]. The development of common computational methods for the detection of ncRNAs and common statistical tools for their
analysis is also progressing [19]. These developing technologies have brought us countless conveniences.

A potential association between the dysregulation of ncRNAs and the onset and progression of depression has recently been noted.
Additionally, ncRNAs have a variety of effects and have been extensively studied, with promising experimental advances. It is
necessary to systematically organise the existing results on ncRNAs because their significant potential in the research on depression has
been highlighted.

This review will summarize the role of various ncRNAs in depression and the potential of ncRNAs to act as biomarkers in different
tissue sources. In addition, the specific mechanism of certain miRNAs in the onset and treatment of depression will be discussed. We
hope that this review will shed light on the clinical application of ncRNAs in the treatment and diagnosis of depression.

2. MiRNA
2.1. Role of MiRNA in depression

MiRNA is a type of small ncRNA that has a size range of 19-25 nucleotides and is abundant in eukaryotes. Each miRNA can target
hundreds of mRNAs, and post-transcriptional regulation of gene expression typically takes place at this level [20]. Base-pairing to
target mRNAs, which primarily takes place in the mRNA 3'-untranslated region (3-UTR), allows miRNAs to control the production of
proteins [21]. Numerous published studies have demonstrated the role of miRNA at the onset, during the progression and in the
treatment of depression.

At the onset of depression, increasing some miRNAs can make a difference. For example, the up-regulation of miR-323a can bring
on depression by causing the down-regulation of erb-b2 receptor tyrosine kinase 4 (ERBB4), and the up-regulation of miR-139-5p
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Fig. 1. The potential mechanism by which ncRNAs modulate the expression of specific genes, thereby impacting depression.
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decreases hippocampal neurogenesis and contributes to depression [22,23]. Decreasing some miRNAs can also make a difference; for
example, the down-regulation of miR-26a-3p in dentate gyrus regions coupled with the activation of the chromosome ten (PTEN)/-
phosphatidylinositol-3 kinase (PI3K)/protein kinase (AKT) signalling pathway can cause depression [24]. For the treatment of
depression, depressive symptoms can be alleviated by the NOD-like receptor3 (NLRP3) cascade, which is controlled by the
miRNA-27a/Spleen tyrosine kinase (SYK)/nuclear factor-xB (NF-kB) axis [25]. MiRNA-199a-5p targets WNT2 to alleviate depression
in hippocampus neurons by activating cAMP response element-binding protein (CREB)/Brain-derived neurotrophic factor (BDNF)
signalling [26]. And the up-regulation of miR-211-5p within the DG area via suppression of the dosage of the serine threonine kinase
(Dyrk1A)/signal transducer and activator of transcription 3 (STAT3) signalling pathway can relieve depression-like behaviors [27].
Although the precise mechanism underlying the influence of miRNAs on depression remains unknown, direct evidence of altered
miRNA expression in depressed individuals is highly significant for advancing pathophysiological research on depression [28,29].

The possible mechanism by which ncRNAs regulate the expression of specific genes, thereby influencing depression, is illustrated in
Fig. 1.

2.2. The mechanism of MiRNAs in influencing depression

2.2.1. MiRNAs and neurotransmitter serotonin

In numerous relevant studies, a comparatively well-established claim is that miRNAs target alterations in the level and metabolism
of serotonin (5-HT) to influence the occurrence of depression. In addition, changes in the associated expression levels of serotonin
autoreceptors (HTR1A) and serotonin transporters (SERTs) may accompany this process. Studies by Orna Issler found that miRNA135a
targets SERT and HTR1A. High expression of miRNA135a affects global 5-HT levels and metabolic changes in the brain, with decreased
5-HT concentrations and increased metabolism in multiple brain nuclei of mir-135a0E (overexpressing) mice. This blocked the
occurrence of depression in response to social defeat induction in mice and brought about a reduction in 5-HT [30].

It was also found in this study that the levels of mirl35a in the midbrain raphe nuclei (RN) were significantly decreased in
depressed patients, and conversely, the expression levels of mir-135a were up-regulated in adult mice after antidepressant treatment.
In transgenic experiments, knocking out the mir-135 gene in the RN of adult mice led to increased depression-like behaviour and
impaired response to antidepressants. Interestingly, the RN, which is the main source of 5-HT, contains serotonergic neurons whose
primary function is to produce the neuronal transmitter 5-HT, and in many studies, it was also found that miRNAs can target acting on
the RN and produce corresponding depression or antidepressant-related effects. For example, it was demonstrated in a study by Lo
lacono L et al. [31]. The expression levels of mir-34a in the RN of mice with chronic unpredictable mild stress (CUMS) were signif-
icantly up-regulated, which alters the serotoninergic neuronal signal and leads to the development of depression [31]. This suggests
that the recruitment of some miRNAs in the RN is a possible condition affecting the function of the 5-HT system and induces/inducing
depressive behaviour.

Stimulation of HTR1A inhibits the discharge of 5-hydroxytryptaminergic neurons and the release of 5-HT. It should be pointed out
that in the experiment of Xie on social failure in mice, the overexpression of miR-26a-2 in 5-HT neurons inhibited the depression and
anxiety behaviour caused by social failure in mice [32]. In contrast, the overexpression of HTR1A eliminates this function. The
function of SERT is to ensure the reuptake of 5-HT, which is a plasma membrane transporter. It terminates the effect of 5-HT by
recycling it from the synaptic space to the presynaptic neurons in a sodium-dependent manner. The pharmacological target of anti-
depressant fluoxetine (SSRI) is SERT, which is a selective 5-HT reuptake inhibitor. SERT is a target of miR-361-3p, which can affect
5-HT in this way [33].

In Baudry’s study, it was observed that the level of miR-16 of serotonergic neurons in the RN of mice chronically treated with SSRI
increased, thereby reducing SERT expression further. Interestingly, this is also similar to the antidepressant effect observed after miR-
16 was injected into the RN of mice [34].

In this experiment, a luciferase reporter gene assay was used to confirm the regulatory effect of miR-16 on SERT gene expression. In
addition, the same approach was used in Orna Issler’s experiment, which confirmed the same targeting effect of mir-135 on the 5-HT
transporter SLC6A4 (serotonin transporter protein) gene [30]. Besides, the level of miR-16 in the blood and RN of suicide victims is
significantly lower than that in controls. This also corroborates the relationship between a reduction in mir-16 expression levels and
depressive behaviour.

This illustrates that SSRI possibly alters the expression of miR-16 to regulate SERT. It is speculated that the rise of miR-16 inhibits
the expression of SERT, leading to a block in the reuptake process of 5-HT, which maintains a high level of 5-HT in the brain to achieve
the function of antidepression. Interestingly, regarding Baudry’s experiments, it should be added that under conditions of exposure to
fluoxetine, the RN was able to release the neurotrophic factor s100f acting on noradrenergic cells of the locus coeruleus, promoting the
expression of serotonergic functions in noradrenergic neurons.

The various experiments amply demonstrate the influence of miRNA on depression. Overall, part of miRNAs’ antidepressant ef-
ficacy is achieved through 5-HT. It must be emphasised that the key to influencing the pathway is to directly promote the expression
and release of 5-HT or to indirectly reduce the expression and activity of 5-HT transporter and 5-HT, promoting the accumulation of 5-
HT in the synaptic cleft and the efficient transmission of 5-HT as a neurotransmitter between synapses.

The above experiments have demonstrated a possible mechanism of action for miRNAs to influence depression and illustrated the
existing link between a subset of miRNAs and 5-HT that will lay the foundation for further unravelling the onset of, susceptibility to
and treatment for depression.

Fig. 2 illustrates the potential mechanism by which miRNAs exert their influence on depression via 5-HT.
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2.2.2. MiRNAs and Wnt2/CREB/BDNF signalling

2.2.2.1. Wnt 2. The Wnt signalling pathway is a complex network of protein actions whose abnormities may contribute to the
development of numerous psychiatric or psychological disorders. The proper expression of Wnt receptors and proteins is beneficial for
preventing the disturbance of nervous system function and for promoting the maintenance of synaptic plasticity and the normal
development of the brain and other organs. It is generally agreed that Wnt2/CREB/BDNF signalling is critical for the development of
treatments for depression or antidepressants. Interestingly, the inhibition of these pathways has been proven to lead to the occurrence
of depressive behaviour, while their activation is closely related to a reduction in depressive performance and an improvement in the
antidepressant response of the nervous system.

Liu et al. showed that mirna-199a-5p targets Wnt2 signalling and affects the CREB/BDNF signalling pathway [26], which regulates
the synaptic structure and function and is involved in the development of depression. Notably, the expression of mir-199a-5p in the
hippocampus of mice in the depression group was significantly higher than that in the normal control group, and mir-199a-5p was able
to promote the apoptosis of hippocampal neurons and inhibit cell proliferation. Lian et al. showed a similar effect of mirna-221, which
negatively regulates Wnt2/CREB/BDNF signalling [35]. In their experiments, the presence of the mirna-221 inhibitor promoted the
expression of CREB and BDNF protein; however, the knockdown of Wnt2 reversed the effect. This illustrates the connection of the
Wnt2/CREB/BDNF axis. In addition, the overexpression of mirna-221 has even been able to reverse the therapeutic effect of fluoxetine
on depression. In the research by Lopez et al., miRNAs 146a, B-5, 425-3p and 24-3p were shown to be the biomarkers for depression
response via target prediction analysis, and they regulate the expression of more than 30 genes associated with the mitogen-activated
protein kinases (MAPK) and Wnt signalling pathways, which have been proven to be very closely linked to antidepressant perfor-
mance. Roy B et al. [36,37]. Found that miR-128-3p acts on target genes located in the amygdala via Wnt signalling, whose
up-regulation resulted in the occurrence of depressive-like behaviours. MiRNAs with similar functions that influence the development
of depression by regulating Wnt signalling also include miR-155 and mir-383 [38,39]. Although the specific mechanism of the Wnt2
signalling pathway is not clear, the experiments above have preliminarily demonstrated the crucial role of the signalling pathway in
the treatment of depression.

2.2.2.2. CREB. CREB, whose function is to regulate the transcription process of genes, acts by receiving the regulation of Wnt sig-
nalling and directing the expression and normal function of downstream genes in the Wnt2/CREB/BDNF axis, which are closely linked
to the expression of BDNF and the stability of synaptic plasticity. It has been reported that the up-regulation of miR-134 reduces the
expression of CREB, which also represses the transcription and expression of BDNF. However, the up-regulation of silent information
regulator sirtuin 1 (SIRT1) can improve this process by repressing the expression of miR-134 [40]. The study by Shen J et al. showed
that resveratrol may be a preventive treatment for cognitive deficits in CUMS rats by activating the SIRT1/mir-134 pathway, which
increases the expression of CREB/BDNF protein in the hippocampus [41]. It has been reported that miR-182 similarly suppressed the
CREB/BDNF signalling pathway in the hippocampus of mice with depression-like behaviour [42]. The aforementioned studies have
demonstrated that the down-regulation of CREB exerts inhibitory effects on the transcription and expression of BDNF, thereby eliciting
depressive symptoms. Additionally, miRNA modulates depression through this regulatory mechanism.

2.2.2.3. BDNF. BDNF is highly expressed in the hippocampal region of the brain and deeply involved in the processes of regulation
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Fig. 2. The potentially plausible mechanism of action for miRNAs exerting influence on depression via 5-HT.



X. Luan et al. Heliyon 10 (2024) e27307

and development of the nervous system, and it is closely linked to synaptic plasticity. Studies have found that BDNF can act as a sensor
to regulate neuronal activity and thereby participate in antidepressant processes [43]. Wang G et al.’s study found that BDNF is the
downstream target of miR-134 and is negatively regulated by miR-134 [44]. Their research found that overexpressed miR-134
inhibited the expression and activity of BDNF. Interestingly, ginsenoside Rb1 exerted intensified effects on BDNF signalling via
mir-134, achieving the goal of treating CUMS mice. In addition, numerous studies have shown that a large number of miRNAs target
and regulate BDNF. For instance, mir-503-3p and mir191a-5p play a positive function for BDNF, favouring its expression [45]. The
study by Fu X et al. showed that miR-132-3p and miR-206 target BDNF and reduce its expression [46]. In addition, it was reported that
the expression levels of mir-30e, mir-181b, miR-34a, mir-346 and miR-7 were significantly higher in patients with psychiatric dis-
orders than in healthy controls and decreased after antidepressant treatment [47]. A large number of studies have demonstrated the
powerful targeting effects and regulatory functions of miRNAs acting on BDNF.

MiRNAs may also affect the expression of BDNF indirectly through some pathways. For instance, low expression of Methyl CpG
binding protein 2 (MECP2) inhibits the formation and development of synapses, producing disruption to synaptic function [48]. Su M
et al. showed that the reduced expression of MeCP2 inhibits the normal expression of BDNF and, conversely, that the expression of
mir-132 is negatively correlated with it [49]. Altogether, the above studies illustrate the regulatory capability of miRNAs acting on
BDNF and the pivotal role that they play in the process of synaptic plasticity and antidepressant treatment.

Overall, the Wnt2/CREB/BDNF signalling pathway, as a key signalling axis in the nervous system, is critically involved in neuronal
activity and synaptic function and is closely associated with the occurrence of depressive disorders. Different miRNAs can have an
impact on each part of this pathway, which in turn affects the function of the overall pathway, modulating nervous system activity.
Wnt signalling activates CREB and promotes the expression of BDNF indirectly, and in the process, miRNAs can target upstream
pathways and ultimately affect the activity of BDNF or directly target BDNF and thereby modulate the signalling pathway, which in
turn is involved in the development of depression and other psychiatric disorders.

Fig. 3 illustrates the potential involvement of miRNAs in the Wnt2-CREB-BDNF signaling pathway, which may contribute to
antidepression.

2.2.3. MiRNAs and proinflammatory cytokine

According to numerous relevant studies, the presence of some miRNAs can affect the synthesis and release of pro-inflammatory
cytokines, promoting the occurrence of inflammatory reactions in the brain nervous system and damage in normal nerve tissues,
which produces negative effects that aggravate the neuronal damage. This leads to lower tolerance to depression or other mental
stimuli and more sensitivity and vulnerability to adverse mental stimulation, which undoubtedly exacerbates the occurrence of
depression.

Lou et al. found that miR-124 targeted transcription activator STAT3, which was found to be involved in the activation of microglia
and the inflammatory reaction of the nervous system [50,51]. According to the Lou D’s experiment, miR-124 targets STAT3 to regulate
the activation of microglia, which release proinflammatory cytokines, including Monocyte chemoattractant protein-1 (MCP-1),
Interleukin 6 (IL-6) and Necrosis Factor alpha (TNF-a). It has been reported that miR-9-5p can promote M1 polarisation of microglia
and then lead to the excessive release of pro-inflammatory cytokines. At the same time, the overexpression of miR-9-5p activates the
STATS3 pathway, exacerbating the nerve injury and depressive symptoms of CUMS mice [52]. Li et al. found that secretions containing
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Fig. 3. The potential mechanism underlying the involvement of miRNAs in the Wnt2-CREB-BDNF antidepressant action.
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miR-207 transferred from Natural killer cells (NK cells) to brain neurons can alleviate the depressive symptoms of mice [53]. It has
been speculated that miR-207 targets Toll-like receptor 4 (TLR4) interactors rich in leucine repeats (Tril) to reduce its expression and
inhibit the NF-kB signal, which reduces the release of pro-inflammatory cytokines to relieve the stress symptoms of mice.

In addition, numerous studies have reported similar mechanisms. This proves the rationality and feasibility of the idea that miRNA
indirectly regulates the synthesis and release of pro-inflammatory cytokines in the brain in various ways and additionally leads to the
aggravation of depressive symptoms. It also provides new ideas and methods for antidepressant treatment.

Collectively, the factors affecting the occurrence of depression by miRNAs include 5-HT, the Wnt/CREB/BDNF signalling axis and
proinflammatory cytokines, and miRNAs are directly or indirectly involved in the process of the mechanism and finally affect the
occurrence of depressive symptoms, which provides reliable ideas and methods for depression treatment. As a summary, Table 1 will
conclude the depressant change of the miRNAs and their targets in depression.

2.3. MiRNAs’ potential to serve as biomarkers in clinical practice

2.3.1. MiRNAs in the central nervous system

Numerous miRNAs have been shown to have aberrant expression and altered function in brain tissues, which may be connected to
degenerative changes in the central nervous system (CNS) in depressed patients [54]. There is ample evidence that miRNAs serve as
biomarkers for depression. Some down-regulation miRNAs can predict depression; for instance, Lou et al. demonstrated that
depression can be predicted by the down-regulation of miR-124 in the hippocampus [50]. Azevedo et al. found that depression can be
predicted by the down-regulation of miR-34a in the anterior cingulate cortex [55]. Torres-Berrio et al. claimed that depression can be
predicted by the down-regulation of the miR-218 in the prefrontal cortex (BA44) [56].

Furthermore, more and more evidence has demonstrated the importance of miRNAs as post-diagnostic biomarkers for depression
that can evaluate the effect of antidepressants. For example, by measuring and comparing the levels of miR-146a-5p, miR-146b-5p,
miR-24-3p and miR-425-3p in the ventrolateral prefrontal cortex (vVPFC) of depressed people who died by suicide and psychiatrically
healthy controls, Lopez et al. demonstrated the potential of miRNAs as postdiagnostic biomarkers. This difference was significant and
provides strong evidence for the therapeutic effect of escitalopram (selective 5-HT reuptake inhibitor), accompanied by the
biochemical examination of the peripheral samples from antidepressant treatment responders [36]. Patrcio et al. found two
pre-miRNAs, namely miR-409 and miR-411, to be considerably elevated across the whole hippocampus DG of CMS-exposed rats, in
comparison to control rats. Additionally, by using antidepressants from four distinct classes (fluoxetine, imipramine, tianeptine and
agomelatine) on a long-term basis, their levels recovered [57,58].

Even though the content of miRNAs varies significantly in the CNS, due to difficulty in sampling, it has little clinical application and
can only be used in basic animal experiments. Therefore, the significant content changes of miRNAs in peripheral fluids have great
advantages as clinical biomarkers.

2.3.2. MiRNAs in peripheral biofluids

MiRNAs have been found in biological fluids, including whole blood, plasma and serum; cerebrospinal fluid (CSF); urine; saliva;
breast milk; seminal plasma; and tears, in addition to tissue in the CNS, and are also called circulating miRNAs (cimiRNAs) [59]. Since
cimiRNAs are actively produced as messengers and play a crucial role in regulating developmental and differentiation processes, they
have been suggested as possible biomarkers for disorders of the CNS [60,61].

Table 1
The depressant change of the miRNAs and their targets in depression.

MicroRNAs Depressant change Targets in depression References
miR135a Decrease SERT, HTR1A [30]
miR34a Increase 5-HT neuron [31]
miR-139-5p Increase Hippocampal neurons [23]
miR-26a-2 Decrease HTRIA [32]
miR-361-3p Increase SERT [33]
miR-16 Decrease SERT [34]
miR-199a-5p Increase Wnt [26]
miR-221 Increase Wnt [35]
miR-128-3p Increase Wnt [37]1
miR-383 Increase Wnt [39]
miR-155 Wnt/p-catenin signaling pathway [38]
miR-146a, B-5, 425-3p, 24-3p MAPK and Wnt signal [36]
miR-134 CREB, BDNF [40,41,43]
miR-182 Increase CREB [42]
mir-503-3p, mir191a-5p Increase BDNF [45]
miR-132-3p,miR-206 Decrease BDNF [46]
miR-132 Increase MeCP2, BDNF [48,49]
miR-124 Increase STAT3, pro-inflammatory cytokines [50]
miR-9-5p Increase STAT3, pro-inflammatory cytokines [52]
miR-207 Decrease TLR4 interactor, pro-inflammatory cytokines [53]
mir-30e, mir-181b, mir-34a, mir-346, mir-7 Increase [47]
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2.3.2.1. MiRNAs in CSF. CSF fills the ventricles, subarachnoid space and central canal of the spinal cord [61]. The choroid plexus
located in the ventricle produces CSF, which is extracellular fluid, much like lymph and plasma [62-64]. According to a
meta-regression analysis, the identification of miRNA expression in CSF significantly increases diagnostic accuracy [65]. As a result,
lumbar puncture is frequently carried out to find CSF when disorders of the CNS manifest themselves, helping with diagnosis [66-70].
It is thought that miRNAs in CSF are vital biomarkers. Some increasing miRNAs can act as biomarkers for depression; for example, Shao
et al. claimed that despite reflecting raphe miR-16 levels and consequently influencing raphe SERT expression, CSF miR-16 is engaged
in the pathophysiology of depression [71]. Lian et al. and Wan et al. both found that an increase in miR-221 in CSF promotes
depression [35,72]. Some decreasing miRNAs can also act as biomarkers for depression; for example, Song et al. reported that patients
with serious depression had lower levels of CSF miR-16 and that silencing it in rats caused depressive-like behaviours via the 5-HT
transmitter system [73]. Also, Wan et al. discovered that, as a postdiagnostic biomarker for depression, down-regulating miR-451a
in the CSF can cause depressive-like behaviours and may provide a theoretical justification for the action of ketamine [72]. Therefore,
the extraction and detection of miRNA in CSF is undoubtedly one of the convenient and accurate methods for detection, deserving
widespread promotion.

2.3.2.2. MiRNAs in peripheral blood. MiRNA levels in peripheral blood (including whole blood, plasma and serum) have been reported
on numerous occasions, and their concentrations might serve as biomarkers for a variety of diseases, including depression. Firstly,
miRNA in whole blood plays a vital role in depression. MiR-144-3p in whole blood inhibition reduces depressive symptoms in mice,
and miRNA expression levels tend to return to normal after either repeated imipramine treatment or a single dose of ketamine [74].
MiR-425-3p in whole blood can induce depression in humans through its up-regulation [75]. According to Maffioletti et al.,
up-regulation of miR-24-3p in whole blood causes depression [75]. Secondly, miRNA in plasma also makes a big difference. Plasma
from adolescents exhibiting significant depressive symptoms demonstrates dysregulated levels of the VEGF protein, miR-101-3p, and
miR-5p [76]. Jia Hu and colleagues found that post-stroke depression was more prevalent in patients with higher plasma levels of
miR-22. These findings suggest that miR-22 acts as a biomarker in post-stroke depression and cerebral microvascular dysfunction [77].
What’s more, the miRNA in serum can also influence depression. Gheysarzadeh et al. claimed that miR-135a’s down-regulation in
serum can predict depression, and miR-16’s down-regulation in serum can cause depression by targeting the serotonergic transmitter
system (SERT), BDNF (neurogenesis) and B cell lymphoma-2 (Bcl-2) (neuron survival and apoptosis) genes [34,78]. Also, miR-1202’s
down-regulation in serum can cause depression by targeting the glutamate receptor, metabotropic 4 (GRM4) gene and controlling
glutamate [36,78]. According to Feng et al.’s research, miR-124’s content in plasma tends to return to normal following an 8-week
course of citalopram therapy, giving it an advantage as a biomarker for detecting various signs of depression after therapy [79].
Interestingly, in response to stress, mitochondrial DNA (mtDNA) and miRNAs are released from the cytoplasm. Moreover, the asso-
ciation between miRNAs and the efficacy of antidepressant therapy has been established, making them potential post-diagnostic
biomarkers [80]. An increasing number of miRNAs have been detected in peripheral blood, and as biomarkers have become a pop-
ular topic, pointing towards a simpler and non-invasive method for diagnosing depression.

2.3.2.3. MiRNAs in other biofluids. In addition to blood and CSF, miRNAs have been found to act as biomarkers in many other bio-
fluids, such as saliva and urine [81]. Exosomes, which are extracellular vesicles (EVs) of endocytic origin, contain the majority of

Table 2
The expression of promising microRNA biomarkers in different position.
miRNA Position Role References
miR-124 hippocampus the CNS tissue can act as biomarkers of the diagnosis of the depression. [50]
miR-34a anterior cingulate [55]
cortex
miR-218 Prefrontal cortex [56]
(BA44)
miR-146a-5p vPFC as post-diagnostic biomarkers of depression, which can evaluate the effect of antidepressants [36]
miR-146b-5p
miR-24-3p
miR-425-3p
miR-409 and miR- hippocampus DG post-diagnostic biomarkers [57,58]
411
miR-16 CSF silencing it in rats causes depressive-like behaviors via the 5-HT transmitter system. [71]
miR-221 CSF post-diagnostic biomarkers [35,72]
miR-451a CSF post-diagnostic biomarkers [72]
MiR-144-3p whole-blood miR-144-3p was identified as a new target for the diagnosis of depression and antidepressant  [74]
therapy
MiR-425-3p whole-blood the up-regulation of miR-24-3p in whole-blood causes depression. [75]
miR-22 plasma miR-22 may act as a biomarker in post-stroke depression and cerebral microvascular [77]
dysfunction.
miR-135a serum miR-135a’s down-regulation in serum can predict depression [781
miR-16 serum miR-16 down-regulation in serum can predict depression [34]
miR-1202 serum miR-1202 down-regulation in serum can predict depression [36,78]
miR-124 serum as a biomarker for detecting various signs of depression [79]
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miRNAs that treat depression in other biofluids. Cells release these vesicles, which are present in biofluids and typically contain
miRNAs, which are crucial for several physiological processes. Disease situations cause changed miRNA expression in exosomes,
making the miRNA cargo an interesting research prospect. EVs are naturally lipophilic and may pass across the blood-brain barrier
with ease. Exosomes are a recommended method for the treatment or early detection of illnesses of the CNS such as depression because
of this particular feature. It has been claimed that miRNAs in exosomes play a role in depression, but further research is needed
[82-84]. Urine, saliva and blood are examples of biological fluids from which exosomes can be easily extracted [85]. Additionally,
because exosome contents are shielded by a membrane, they are not easily broken down by the biological fluids or enzymes in our
bodies [86]. That the direct content and structural changes of miRNA in other biofluids may also affect depression has been reported
recently [87-89]. In general, these benefits make miRNAs in EVs crucial targets for depression diagnostic biomarkers.

In conclusion, miRNAs can be detected in almost every part of the body, giving them a distinct advantage as diagnostic biomarkers
for depression. Relevant studies have revealed their practicability and feasibility, which can be used clinically in the future (Table 2).

3. LncRNA
3.1. The role of IncRNAs in depression

LncRNAs comprise a class of RNA with a length of 200-100,000 nucleotides [90]. They exert their functions by directly binding to
DNA, RNA and proteins [91]. LncRNAs have received much attention recently, and the RNA produced by the related genes has
received the majority of the attention when discussing IncRNAs’ modes of action [92]. The association of aberrant IncRNAs sequence
and spatial conformation, dysregulated expression levels, and disrupted protein interactions has been extensively documented as a
pivotal determinant in various severe human health conditions, encompassing depression and degenerative neurological disorders.
Consequently, the investigation of IncRNAs merits profound exploration.

3.2. The mechanism of IncRNAs in influencing depression

At the onset of depression, IncRNA XR_351665 increases DNA methyltransferasel (DNMT1) by sponging miR-152-3p, which leads
to chronic depression In postpartum depression, IncRNA Gm14205 activates the NLRP3 inflammasome by blocking the oxytocin re-
ceptor [93,94]. MiRNA-320-3p/CRHR1 (G protein-coupled receptors) axis-mediated induction of neuronal vitality in rats’ brains to
aggravate depression is regulated by IncRNA NEAT1 [95]. For the treatment of depression, the IncRNA MIR155HG controls the
miR-155/BDNF axis to reduce depressive-like behaviours in mice [96]. By controlling the MiRNA-26a/EGR1 (Early growth response
factor 1) axis, IncRNA GAS5 down-regulation reduces hippocampus neuronal damage in mice with depressive-like behaviors [97]. In
conclusion, IncRNAs generally contribute to depression by altering other ncRNAs.

3.3. LncRNAs’ potential to serve as biomarkers

Large and varied concentrations of IncRNAs, which are involved in the control of crucial CNS biological processes, have been
discovered in the brain [98]. In addition, because of their ubiquitous expression, tissue-specific expression patterns and high detection
efficiency, IncRNAs have the potential to be used as diagnostic biomarkers in psychiatric illnesses [99,100]. Issler et al. found that, as a
diagnostic biomarker, LINC00473 up-regulation in adult mouse medial prefrontal cortex (mPFC) neurons only benefits females, and it
may be a biomarker for females who struggle with depression [101,102]. Wang et al. reported that potential diagnostic biomarkers for
perinatal depression have the place of IncRNAs NONHSAG004550 and NONHSAT125420 [103]. Ye et al. discovered that the pe-
ripheral blood leukocytes of depressive patients had significantly higher levels of LINC0O1108 expression and significantly lower levels
of LINC00998 expression when compared to those of healthy participants [104].

It has been confirmed that the Inc-PLA2G12A-1/PLA2G12A transcript/prostaglandin axis, as a post-diagnostic biomarker, can be
modified by mood stabilisers and targeted by non-steroidal anti-inflammatory medications such as celecoxib, which have been utilised
as adjunct treatments for bipolar disorder [105,106]. Ni et al. discovered that, after imipramine treatment, the expression level of
IncRNA TCONS 00019174 in the hippocampus of CUMS mice can be regained and that TCONS 00019174 may stimulate the
Wnt/b-catenin pathway to exhibit antidepressant-like effects [107]. Roy et al. demonstrated that fluoxetine significantly reduces the
expression of learned helplessness-mediated 52 up-regulated and 29 down-regulated IncRNAs [108]. These studies demonstrate the
potential of IncRNAs as biomarkers, both in the brain and other tissues, highlighting their significance in clinical applications.

4. CircRNA
4.1. Role of circRNA in depression

CircRNA is a family of long, ncRNA molecules that have no poly A tail and form a covalently closed continuous loop [109]. CircRNA
has a high level of stability within cells and is not readily destroyed by RNA enzymes as a result of its circular structure, which enables
it to fulfil cellular functions over an extended period of time [110,111]. The impact of circRNA content variations and their associated
response on depression has been acknowledged by researchers, suggesting a potential focus for future investigations in this area.
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4.2. The mechanism of CircRNA for influencing depression

From the onset, the circRNA ANKS1B affects depression by acting as a miRNA sequester for miR-146a-5p and influencing the post-
transcriptional regulation of Kruppel-like factor 4 (KLF4) expression, fatty acid amide hydrolase messenger RNA N6-methyladenosine
alteration in circRNA STAG1-regulated astrocyte dysfunction and depressive-like behaviors [112,113].

For the treatment of depression, The transcription factor TATA-box binding protein associated factor 1 (TAF1) can bind mecha-
nistically to circDYM, which causes the expression of its downstream target genes to reduce, thereby suppressing depression [114]. By
reducing the quantity or density of astrocytes and their activity, circHIPK2 induces depression [115]. By targeting miR-9, circDYM
reduces depressive-like behaviour by modulating microglial activation via Heat shock proteins 90 (Hsp90) ubiquitination [116]. And
through the miR-497a-5p/glucocorticoid receptor (NR3C1) axis, circDYM reduces depressive-like behaviour in CUMS mice and
prevents damage to hippocampus neurons [117].

CircRNA functions as a miRNA sponge in cells and has a lot of miRNA binding sites. When studying the pathophysiological
mechanisms of depression, circRNAs have an advantage because they can alleviate the inhibition of miRNA on its target genes, in-
crease the expression level of genes and produce the corresponding biological effects through the competitive endogenous RNA
(ceRNA) mechanism [118].

4.3. CircRNAs’ potential to serve as biomarkers in clinical practice

CircRNAs, which are extensively expressed in a wide range of biological cells, are covalently closed RNA molecules created by the
reverse splicing of mRNA and lack 5’ caps and 3’ tails [119,120]. Their unique structure makes it difficult for RNA enzymes to break it
down [121-123]. Additionally, they have been found in peripheral blood and other tissues, making them simple to sample, and they
have a significant benefit as diagnostic biomarkers because of the things discussed before [124-126].

In their 2016 paper, Cui et al., who were the first to uncover circRNA biomarkers for depression, stated that hsa_circRNA_103636 in
peripheral blood mononuclear cells could be employed as novel non-invasive biomarkers for depression [127]. Song et al. revealed
greatly reduced expression of circDYM in depressed patients’ plasma [128]. According to Huang et al., circSTAG1 expression was
considerably reduced in the hippocampal tissues and peripheral blood of CUMS mice as well as in the peripheral blood of depressed
patients [113]. Zhang et al. demonstrated that circRNAs in the blood of depression patients contained an abnormality. Hsa -
circ_0002473, hsa_circ_0079651, hsa_circ_0137187, hsa_circ_0006010 and hsa_circ_. 0113010 have all been tentatively shown to be
significantly expressed in depressive patients and can be utilised as diagnostic markers for depression [129]. According to research by
Shi et al., whole-blood circFKBP8 and circMBNL1 are both promising biomarkers for the diagnosis of depression [130].

As a post-diagnostic biomarker, Mao et al. demonstrated that after ketamine injection, five circRNAs were expressed abnormally in
the rat hippocampus, with rno circRNA 014900 greatly increased and rno_circRNA_005442 significantly decreased [131]. Greer et al.
found that after repetitive transcranial magnetic stimulation treatment for 4 weeks, the level of circFKBP8 increases, leading to less
depressive-like activity [132]. Zhang et al. discovered that administering the total saponins from the leaves of Panax notoginseng
greatly elevated mmu_circ_0001223 expression and predicted that these saponins had an antidepressant effect [133]. Additionally, Shi
et al. discovered circFKBP8’s significant promise as a biomarker after therapy with antidepressants [130]. In summary, numerous
studies have demonstrated the significant potential of circRNAs as a biomarker in clinical treatment.

5. SiRNA

siRNAs are double-stranded, 21-25 nucleotide RNAs that can be either endogenous or exogenous [13,134]. Endogenous siRNAs are
created by one’s cells, while exogenous siRNAs are typically used as a tool of RNA interference (RNAi), with the procedure beginning
with the cleavage of long double-stranded RNA into siRNA by the Dicer enzyme. After that, siRNA and argonaute protein combine to
cause the matching mRNA to be cleaved [135]. Research on siRNA has produced a wide assortment of results. Few studies have focused
on endogenous siRNA, while the majority of reviews have concentrated on the experimental technique of inducing depression through
exogenous siRNA. For instance, siRNA-mediated nuclear factor-erythroid 2-related factor 2 (Nrf2) and SIRT1 knockdown in depression
were used to study how melatonin induces depression via Nrf2 and the SIRT1 pathway [135]. When glutamate aspartate transporter
(GLAST) and glutamate transporter 1 (GLT-1) expression in infralimbic cortex of mice was reduced by siRNA, the effects of local
glutamatergic neurotransmission, which is typically regarded as a sign of depression, were examined [136]. Forkhead box protein O1
(FoxO1)-specific siRNA was used to determine whether FoxO1 was involved in the effect of baicalin on TLR4 expression to detect early
depression [137]. In summary, with its many other smart applications, siRNA has emerged as a crucial tool for the genetic research of
depression.

6. Interconnections between ncRNAs in depression
6.1. Association of IncRNAs with miRNAs in depression

In recent years, it has been discovered that problems in IncRNA structure and function are closely related to several neurode-
generative illnesses, including depression. There is mounting proof that IncRNAs can affect other ncRNAs to cause depression in

various ways [94,138,139]. In earlier research, it was discovered that one way IncRNA mediates depression is by influencing miRNA
through competitive inhibition. The binding sites of miR-124 can be occupied by BDNF-AS (a specific kind of IncRNA) in a competitive
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manner. In addition, elevated miR-124 levels have been shown to induce depression and related neurobehavioral defects [140]. It has
also been confirmed that IncRNA T-UCstem1 can control progenitor proliferation and neurogenesis by mediating with miR-9-3p and
miR-9-5p in the forebrain neurogenic lineage that develops the interneurons of the adult olfactory bulb [141]. Further, the prolif-
eration of olfactory bulb neurons and their synaptic connections is directly associated with depressive-like behaviour [142]. This
indicates that IncRNAs may contribute to the development of depression by causing olfactory dysfunction. Zhang et al. showed that
MIR 155 HG has potential binding sites with Mir-155. In 293T cells overexpressing MIR155HG, miR-155 expression was
down-regulated. As a sponge, MIR 155 HG has been shown to lessen the inhibitory impact of miR-155 on BDNF production and
enhance depressive-like behaviour [96]. The IncRNA XR_351665 upregulates] by acting as a miR-152-3p sponge, thereby contributing
to the development of depression induced by chronic pain [93]. Consequently, it is highly plausible that IncRNAs exert an impact on
depression through their interaction with miRNAs.

6.2. Association of circRNAs with miRNAs in depression

It has been hypothesised that circRNAs bind to miRNAs as a chelator and further influence the expression of several factors that
influence depression, such as mRNA stability, resulting in depressive-like behaviour [143,144]. The former study demonstrated that
microglia transfer a microglia-enriched microRNA, miR-146a-5p, by secreting exosomes to improve neurogenesis and depression-like
behaviour. circANKS 1B, a special circular RNA, binds specifically to miR-146a-5p derived from microglia cells as miRNA ‘sequesters’
and modulates the translational expression of KLF 4, which inhibits neurogenesis and the spontaneous firing of excitatory neurons in
the hippocampal DG [112]. There is now another theory that circRNAs may influence depression-like symptoms by controlling
microglia activation. Zhang et al. showed that circDYM promotes target-HECT domain E3 ubiquitin protein ligase 1 (HECTD1)
expression by acting on the 3-UTR of HECTD 1 and as a microRNA-9 (miR-9) sponge [116]. This causes an increase in HSP90
ubiquitination, which in turn causes a reduction in the activation state of microglia. The binding of circRNAs with miRNAs modulates
their genetic characteristics and stability, thereby contributing to the development of depression.

6.3. Association of CircRNAs with IncRNAs in epression

The majority of studies have claimed that both IncRNAs and circRNAs can bind to miRNAs as chelators or sponges and influence

Table 3
The biological processes of the ncRNAs.
NcRNA Role in depression  Biological processes Reference
miR-323a etiology Its up-regulation cause the downregulation of ERBB4 [22]
miR-26a-3p etiology Its down-regulation coupled with activation of the PTEN/PI3K/Akt signaling pathway can cause the [24]
depression
miR-139-5p etiology Its up-regulation decrease hippocampal neurogenesis and will contribute to depression [23]
miRNA-27a treatment miRNA-27a/SYK/NF-kB axis can control the NLRP3 cascade to alleviate depression [25]
miRNA-199a-5p treatment targets WNT2 to alleviate depression in hippocampus neurons by activating CREB/BDNF signaling [26]
miR-211-5p treatment Its up-regulation relieve depression-like behaviors via suppression of the Dyrk1A/STAT3 signaling [27]
pathway
SiRNA as a tool for siRNA-mediated Nrf2 and SIRT1 knockdown in depression was used to study how melatonin induces the ~ [174]
experiment depression via Nrf2 and SIRT1 pathway

When GLAST and GLT-1 expression in mouse IL was reduced by siRNA, the effects of local glutamatergic ~ [136]
neurotransmission were examined, which is typically regarded as a sign of depression

FoxO1-specific siRNA was used to determine whether FoxO1 was involved in the effect of baicalin on [137]
TLR4 expression to detect early depression.
LncRNA etiology increases DNMT1 by sponging miR-152-3p, which leads to chronic depression [93]
XR_351665
LncRNA etiology activates the NLRP3 inflammasome by blocking the oxytocin receptor [94]
Gm14205
IncRNA NEAT1 etiology Regulate the microRNA-320-3p/CRHR1 axis-mediated induction of neuronal vitality in rats’ brain to [95]
aggravate depression
IncRNA treatment controls the miR-155/BDNF axis to reduce depressive-like behaviors [96]
MIR155HG
IncRNA GAS5 treatment Its down-regulation reduces hippocampus neuronal damage in mice with depressive-like behaviors by the [97]
control of the MicroRNA-26a/EGR1 axis
circRNA etiology act as a miRNA sequester for miR-146a-5p and influencing post-transcriptional regulation of KLF4 [112]
ANKS1B expression
circRNA STAG1 etiology Fatty acid amide hydrolase messenger RNA N6-methyladenosine alteration in circRNA STAG1-regulated  [113]
astrocyte dysfunction and depressive-like behaviors
CircDYM treatment Bind mechanistically to the transcription factor TAF1, which causes the expression of its downstream [114]
target genes to reduce, so suppressing depression
CircDYM reduce depressive-like behavior by modulating microglial activation via HSP90 ubiquitination ~ [116]
by targeting on miR-9
reduce depressive-like behavior in CUMS mice and prevents damage to hippocampus neurons through the [117]
miR-497a-5p/NR3C1 axis
CircHIPK2 treatment reduce the quantity or density of astrocytes and their activity to induce depression [115]
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how those miRNAs affect depression [139,143,145-147].

Due to the presence of microRNA response elements, they can communicate with one another by competing specifically for
common miRNAs, cooperate in the reduction of mRNA degradation or inhibition by miRNAs and control the transcriptional expression
of genes in vivo. Zhou et al. showed that ceRNAs (circRNA-miRNA-mRNA and IncRNA-miRNA-mRNA) are differentially expressed in
patients with depression and normal people, and they can be used as biomarkers for depression [148,149]. Xi Wang et al. found that by
inhibiting miR-344-5p, CircSYNDIG1 reduced the aberrant behaviors induced by stress in mice [150]. By regulating the
miR-497a-5p/HECTD1 axis, Circ-Bnc2 mitigates neuroinflammation in LPS-stimulated microglial cells to prevent neuronal cell death,
thereby impacting depression [151]. With more and more studies on the transcription factor (TF)-mRNA regulatory network, there is
also the view that IncRNAs and circRNAs affect depression-like behaviours by mediating genes or transcription factors [152]. How-
ever, the exact process is still unclear.

6.4. Association of siRNAs with other ncRNAs in depression

The significance of siRNAs in the development and treatment of depression is now being understood from a growing number of
studies, and their interactions with other ncRNAs have also gained attention as a potential therapy or mechanism for depression [137,
153,154]. The former studies demonstrated that siRNAs and miRNAs each can selectively target the corresponding mRNA segment to
degrade certain mRNA and control the related gene network [155]. Although an appropriate mix of the two has been shown to have
some impact on depression associated with metastatic breast cancer, further research is required to determine the precise mechanism
and the interaction between the two ncRNAs. Currently, siRNAs are often employed as an experimental technique to silence gene
expression by directing the siRNA carrier to the correct gene or mRNA [155,156]. However, more research is needed right now to fully
understand how existing siRNAs cause depression by interacting with other ncRNAs.

In conclusion, both IncRNAs and circRNAs are thought to operate on miRNAs to alter depression-like behaviours through a
competitive interaction. More investigation is required on how siRNAs affect depression through other ncRNAs.

7. The biological processes of ncRNAs in depression

NcRNAs can make a difference in the onset and treatment of depression in various ways. They act as an essential clinical potential
target. Mechanisms of ncRNAs, with miRNA as an example, influencing depression should be subsequently discussed, and the bio-
logical processes of these above ncRNAs are summarised in Table 3.

8. NcRNAs’ potential in the clinical treatment of depression

In the clinical management of depression, including severe depression, several drugs play a part. Escitalopram, an antidepressant,
could affect the expression of more than 30 kinds of miRNA, which were detected in human blood after the drug was absorbed by the
body [157]. Paroxetine is used to treat depression and is effective for treating patients with anxiety who also have depression. When
compared to normal individuals, depression patients had reduced serum levels of miR-451a and higher levels of miR-34a-5p and
miR-221-3p. MiR-451a expression rose significantly among depression patients taking paroxetine, but miR-34a-5p and miR-221-3p
expression decreased significantly [158]. Citalopram is a selective 5-HT reuptake inhibitor with antidepressant effects. MiR-335
was significantly reduced in blood samples from depression patients; moreover, it could directly target GRM4 and promote GRM4
overexpression. Citalopram treatment could upregulate the expression of miR-335 and inhibit the expression of GRM4, which has an
antidepressant effect [159]. In addition, several natural products, such as Ginsenoside Rgl, Gypenosides and Saikosaponin d, have
been shown to play a role in the treatment of depression by regulating ncRNA. Recently, Chao Chen et al. discovered that MiR-1281
contributes to depression disorder and the antidepressant effects of Kai-Xin-San (a Chinese medicine formulation). This finding also
suggests that Chinese medicine influences the application of ncRNAs in depression treatment [160].

For decades, researchers have been actively studying postmortem brain tissue from depressed patients and different animal models
of depression, but its pathogenesis is still not fully understood. Most studies of patients with depression have been conducted using
peripheral blood, and postmortem brain tissue has mainly been used in studies of small cohorts and brain tissue homogenates, which
restricts the study of pathological mechanisms, particularly epigenetic regulatory mechanisms such as ncRNAs. Due to the genetic and
environmental factors that influence depression risk, its pathological mechanisms are complicated. The differences and impacts of
ncRNAs may be influenced by these genetic and environmental variables, according to studies on their role in the epigenetic regulation
of depression. This makes it difficult to begin using ncRNAs to diagnose and cure depression. However, a large number of basic and
clinical studies are currently underway, highlighting the pivotal role that ncRNAs will play in both the diagnosis and treatment of
depression.

9. The role of MicroRNAs in other psychiatric disorders

There is increasing evidence that ncRNAs play a crucial role in the occurrence and development of mental disorders, which not only
include the depression we mentioned earlier, but also contain schizophrenia, Alzheimer’s disease (AD), posttraumatic stress disorder
(PTSD), Autism Spectrum Disorder (ASD), etc [161].

B. Miller et al. suggested that the imbalance of miR-132 can seriously affect the development process of the nervous system and the
normal functioning of the brain, which exacerbates the development of schizophrenia [162]. In addition, significant abnormalities in
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the expression of miR-22-3p, miR-92a-3p, and miR-137 were detected in peripheral blood of patients with schizophrenia, which might
be used as a biomarker for clinical application [163]. J Wong et al. found a significant upregulation of miR-17 in the prefrontal cortex
of patients with schizophrenia [164]. These provide new evidence for exploring the relationship between schizophrenia and miRNA.

An increasing number of studies have demonstrated a strong correlation between miRNAs and AD. According to reports, the
expression of miR-107 has significantly decreased in AD patients and it is speculated that miR-107 may exacerbate the further
development of AD by regulating amyloid precursor protein lyase [165]. It is suggested that miR-144 may promote the generation of
amyloid B (AB) by negatively regulating ADAM10, which exacerbates the development of symptoms [166]. Similar studies have also
demonstrated a negative correlation between the expression of miR-27a-3p, miR-137, and miR-181c and the development of symp-
toms in AD [167,168].

Additionally, patients with ASD or Schizophrenia have significantly increased expression of miR-218, which could affect the
morphology and function of cortical neurons by regulating Satb2 [169]. Similarly, the expression of miR-23a in the peripheral blood of
ASD patients was significantly upregulated [170], and a higher concentration of miR-106a was found in autistic children [171].

A large number of differences between normal individuals and PTSD patients in miRNAs expression were also found through high-
throughput analysis of PBMCs, especially significant downregulation of miR-125a and 181c [172] and overexpression of miR-132 in
the hippocampus [173], which proved a connection between PTSD and ncRNAs.

Overall, a considerable amount of evidence indicates the association between miRNA and various psychiatric diseases, which
shows its enormous potential application for health.

In addition, numerous miRNAs are involved in the occurrence of related mental illnesses, as shown in Table 4.

10. Discussion

In this review, we highlighted the importance of ncRNAs as biomarkers for diagnosing depression and as effective experimental
tools for studying depression and tracking responses to its treatment. The potential link between the abnormal regulation of ncRNAs
and the onset and development of depression has recently been noted, but because the specific mechanism of ncRNAs has not been
clearly defined, they have not been widely used in clinical practice. Therefore, based on previous research results, we systematically
summarised the role of various ncRNAs in depression and their potential as biomarkers and drug targets in different tissue sources. We
also discussed the specific mechanisms of some ncRNAs in the pathogenesis and treatment of depression. Finally, we speculate that
ncRNAs can regulate post-transcriptional gene expression by interfering with the stability and translation of RNA molecules. They may
also be involved in other epigenetic mechanisms.
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Table 4
The role of MicroRNAs in other psychiatric disorders.

MicroRNAs Pathogenic change mental disease References
miR-132 Increase Schizophrenia [162]
miR-181b Increase Schizophrenia [175]
miR-132-3p,miR-212, miR-544,miR-34a, miR-7 and miR-154-3p Decrease Schizophrenia [176]
miR-17 Increase Schizophrenia [164]
miR-22-3p, miR-92a-3p and miR-137 Increase Schizophrenia [163]
miR-30a-5p Decrease Schizophrenia [177]
miR-107 Decrease AD [165,178]
miR-29¢ Decrease AD [179]
miR-188-3p Decrease AD [180]
miR-339-5p Decrease AD [181]
miR-144 Increase AD [166]
miR-27a-3p Decrease AD [167]
miR-137 and miR-181c¢ Decrease AD [168]
miR-33 Increase AD [182]
miR-125a and 181c Decrease PTSD [172]
miR-92a Increase PTSD [183]
miR-132 Increase PTSD [173]
miR-222 Increase PTSD [184]
miR-182 Decrease PTSD [185]
miR-218 Increase ASD [169]
miR-23a Increase ASD [170]
miR-106a Increase ASD [171]
miR-19a-3p,miR-361-5p,miR-3613-3p,miR-150-5p,miR-126-3p and miR-499a-5p Decrease ASD [186]
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