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ARTICLE INFO ABSTRACT

Keywords: This study summarizes the significance of microRNA-134 (miRNA-134) in the pathophysiology,
Depression diagnosis, and treatment of depression, a disease still under investigation due to its complexity.
MicroRNAs

miRNA-134 is an endogenous short non-coding RNA that can bind to the 3’ untranslated region

‘Sm::lﬁ'cls?asﬁcit (3'UTR) of miRNA-134, inhibiting gene translation and showing great potential in the regulation
H};ppf’)car:pus v of mood, synaptic plasticity, and neuronal function. This study included 15 articles retrieved from

four English-language databases: PubMed, Embase, The Cochrane Library, and Web of Science,
and three Chinese literature databases: CNKI, Wanfang, and Chinese Science and Technology
Periodical Database (VIP).We evaluated each of the 15 articles using the Critical Appraisal Skills
Program (CASP) tool.The standard integrates analyzes of genomic, transcriptomic, neuroimaging,
and behavioral data analyses related to miRNA-134 and depression. A multidimensional frame-
work based on standardized criteria was used for quality assessment. The main findings indicate
that miRNA-134 significantly affects synaptic plasticity and neurotransmitter regulation, in
particular the synthesis and release of serotonin and dopamine. miRNA-134 shows high sensi-
tivity and specificity as a biomarker for the diagnosis of depression and has therapeutic potential
for the targeted treatment of depression. miRNA-134 plays a crucial role in the pathogenesis of
depression, providing valuable insights for early diagnosis and the development of targeted
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therapeutic strategies. This work highlights the potential of miRNA-134 as a focal point for
advancing personalized medicine approaches for depression.

1. Introduction

With the acceleration of modern life, depression has become one of the most serious mental health disorders, leading to disability.
According to the World Health Organization (WHO, 2020) [1], approximately 280 million people worldwide suffered from depression
in 2019, including 23 million children and adolescents, accounting for 4.6 % of the global population. During the COVID-19 pandemic,
the number of people with depression increased by 27.6 % in 2020, placing significant pressure on healthcare systems, economies, and
individual well-being. As depression cases rise, so do instances of depression-induced suicide [2].

Typical symptoms of depression include persistent low mood, decreased appetite, lack of pleasure, self-loathing, weight loss, and
suicidal tendencies. Despite significant advances in depression research, its etiology remains unclear [3]. Prevention is more crucial
than treatment, emphasizing the importance of identifying predictive indicators for early intervention.

miRNAs are endogenously acquired non-coding short-chain RNAs, consisting of 18-24 nt single-strand molecules that regulate gene
expression at the translational or transcriptional level. Within the nucleus, genes transcribed by miRNA polymerase II produce pri-
miRNAs, which are cleaved by Drosha enzyme into pre-miRNAs with a single stem-loop structure. These pre-miRNAs are trans-
ported to the cytoplasm by Exportin 5, where they are further processed by the Dicer enzyme into mature miRNAs. These miRNAs then
form a RISC complex with Argonaute proteins, pairing with the 3-UTR of mRNA to inhibit gene expression [4-9] (see Fig. 1).

miRNA-134, primarily expressed in the brain, plays a key role in neuronal development and synaptic plasticity, both of which are
crucial for advanced neural functions like learning and memory. It regulates genes related to synaptic plasticity, such as Limk1 and
CREB, thereby influencing brain function [10,11]. Despite progress in depression research, significant gaps remain in understanding its
complex pathophysiology.

In depression, miRNA-134 influences gene expression in specific brain regions, affecting synaptic plasticity and neuroplasticity by
regulating BDNF, which is crucial in neuroplasticity and depression [12,13]. Abnormal BDNF expression is a key mechanism in
depression, and miRNA-134’s regulation of this pathway may be crucial in the disease’s pathophysiology. Additionally, miRNA-134
affects neuron survival and function by regulating genes like SIRT1 and CREB, which influence mood and behavior, making it a
potential target for new antidepressant strategies [14].

However, current research on miRNA-134’s role in depression is limited, with most studies focusing on miRNAs in general rather
than on miRNA-134 specifically. Most studies rely on animal models and in vitro experiments, with few clinical studies, limiting a
comprehensive understanding of miRNA-134 in depression. These gaps underscore the need for further research.

This study aims to fill these gaps by exploring how miRNA-134 regulates synaptic function and neural plasticity through gene
expression in specific brain areas. By systematically analyzing existing literature and integrating various research methods, this study
seeks to provide new insights into miRNA-134’s role in depression. This research could elucidate the pathophysiological basis of
depression and support the development of new diagnostic methods and personalized treatment strategies. Additionally, given the
elevated expression of miRNA-134 in depressed patients, this study will explore its potential as a diagnostic biomarker and its impact
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Fig. 1. miRNA Biogenesis and Mechanism of Action Diagram.
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on antidepressant efficacy. Focusing on miRNA-134 may address current research shortcomings and promote further advances in
depression research, potentially guiding new strategies for personalized treatment and precision medicine.

2. Materials and methods
2.1. Literature search

We searched four English databases: PubMed, Embase, The Cochrane Library, and Web of Science.three Chinese literature data-
bases: CNKI, Wanfang, and Chinese Science and Technology Periodical Database (VIP), The PubMed search terms were as follows:
CCCCCCrreeeeeer(((miRNA-134) OR (microRNA-134)) OR (MiR-134)) OR (microRNA-134, human)) OR (microRNA 134, human))
OR (hsa-mir-134)) OR (miR-134, human)) OR (microRNA-134, rat)) OR (rno-mir-134)) OR (miR-134, rat)) OR (miR-134, mouse)) OR
(microRNA-134, mouse)) OR (mmu-mir-134)) AND (Depression)) OR ((Depressive syndrome)) or (depressive syndrome)) or (syn-
drome, depression)) or (syndrome, depression)) or (depression)) or (disorder, depression)) or (disorder, depression)) or (depression
symptoms)) or (depression symptoms)) or (symptoms, depression)) or (mood depression)) or (depression, mood).

Web of Science search formula is as follows: (((((CCCCCCCCCCCCCCCCCC((((ALL=(miRNA-134)) OR ALL=(microRNA-134)) OR ALL=(miR-
134)) OR TI=(microRNA-134, human)) OR TI=(microRNA 134, human)) OR TI=(hsa-mir-134)) OR TI=(miR-134, human)) OR TI=
(microRNA-134, rat)) OR TI=(rno-mir-134)) OR TI=(miR-134, rat)) OR TI=(miR-134, mouse)) OR TI=(microRNA-134, mouse)) OR
TI=(mmu-mir-134)) AND ALL=(Depression)) OR TI=(Depressive Syndrome)) OR TI=(Depressive Syndromes)) OR TI=(Syndrome,
Depressive)) OR TI=(Syndromes, Depressive)) OR TI=(Depressive Disorders)) OR TI=(Disorder, Depressive)) OR TI=(Disorders,
Depressive)) OR TI=(Depressive Symptoms)) OR TI=(Depressive Symptom)) OR TI=(Symptom, Depressive)) OR TI=(Emotional
Depression)) OR TI=(Depression, Emotional)) OR TI=(Yiyuzhangai)) OR TI=(Yiyuzheng).

The search time range is from January 2004 to January 5, 2024(see in Table 1). A total of 52,214 relevant articles were identified,
of which 15 were subjected to in-depth analysis (see in Fig. 2). The framework shown in Table 1 outlines the inclusion and exclusion
criteria for this study.

2.2. Inclusion and exclusion criteria

Inclusion criteria: experimental studies and observational studies on miRNA-134 and depression were included; studies involving
human or animal models were included, especially studies that clearly explored the expression, mechanism and function of miRNA-
134 in depression; the pathophysiological changes of miRNA-134 related to depression were reported in the studies, including but not

Table 1

Search strategies for English databases or Chinese databases.
Number Search terms
#1 miRNA-134 [All fields]
#2 microRNA-134 [All fields]
#3 MiR-134 [All fields]
#4 microRNA-134, human[MESH]
#5 MicroRNA 134, human [MESH]
#6 hsa-mir-134 [MESH]
#7 miR-134, human [MESH]
#8 microRNA-134, rat [MESH]
#9 rno-mir-134 [MESH]
#10 miR-134, rat [MESH]
#11 miR-134, mouse [MESH]
#12 microRNA-134, mouse [MESH]
#13 mmu-mir-134 [MESH]
#14 Depression [All fields]
#15 Depressive Syndrome [MESH]
#16 Depressive Syndromes [MESH]
#17 Syndrome, Depressive [MESH]
#18 Syndromes, Depressive [MESH]
#19 Depressive Disorders [MESH]
#20 Disorder, Depressive [MESH]
#21 Disorders, Depressive [MESH]
#22 Depressive Symptoms[MESH]
#23 Depressive Symptom[MESH]
#24 Symptom, Depressive[MESH]
#25 Emotional Depression[MESH]
#26 Depression, Emotional[MESH]
#27 Yiyuzhangai (Depressive Disorders)
#28 Yiyuzheng (depression)
#29 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13
#30 #14 OR #15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24 OR #25 OR #26 OR #27 OR #28
#31 #29 AND #30
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Fig. 2. Flow diagram for the included and excluded articles. Note. This figure follows by PRISMA-P format = Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Protocols. Adapted from Moher et al. (2009). Copyright by 2009 Moher et al.

limited to gene expression levels, regulation of neural networks, and the association with clinical manifestations of depression; only
literature published in English and Chinese was included.

Exclusion criteria: Studies that did not specifically study miRNA-134 or did not explore its role in depression were excluded;
studies with serious missing data or inadequate analysis methods were excluded; reviews, commentary articles, and conference ab-
stracts without systematic data analysis were excluded; studies that did not use depression models or had no relevant population data
were excluded, such as studies involving other mental illnesses but not including depression; studies that repeated the content of the
existing included literature and had no new data or analysis were excluded.

2.3. Quality assessment methods
Two independent reviewers selected and assessed articles for eligibility and inclusion in the review [15,16]. The quality of the

articles was evaluated using a multidimensional framework based on standardized criteria, covering aspects such as study design,
participant characteristics, research procedures, and conclusions. The framework comprises four main quality dimensions: validity,

Table 2
Record of citation score.
Validate Suitability Therapeutic Consistency Overall score

Scientific Research
Wang,G et al. [20] 4 4 4 4 excellent(4.0)
Gao,J et al. [24] 4 4 3 3 Moderate(3.5)
Fiore,R et al. [25] 4 3 3 4 Moderate(3.5)
Lou,J et al. [26] 4 4 4 4 excellent(4.0)
Jiang,T et al. [27] 4 4 4 4 excellent(4.0)
Schratt,G.M et al. [28] 5 4 4 4 excellent(4.25)
Yu H et al. [29] 4 5 4 4 excellent(4.25)
Zhao youying et al. [33] 3 3 2 3 poor (2.75)
Rong han et al. [34] 4 5 3 3 good(3.75)
RCT
Zhang,H.P et al. [21] good(3.75)
Wang,G; Liu,Y et al. [22] good(3.75)

Fan,C et al. [23]

Zhu xiuzhi et al. [30]
Huang fei et al. [31]
Li hong et al. [32]

excellent(4.25)
excellent(4.0)
good(3.75)
Moderate(3.75)
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practicality, efficacy, and consistency [17]. Each article was assessed using the Critical Appraisal Skills Program Qualitative Checklist
(CASP) [18], approved by the Cochrane Qualitative Research Methods Group, focusing on validity, applicability, treatment, and
consistency. Articles were scored, with scores <3 rated as poor, 3-3.5 as good, 3.5-4 as fair, and >4 as excellent. Discrepancies were
resolved by Y.K.W. and Y.L.H., who calibrated the quality scores of a sample of 15 studies (see Table 2). The PICO(S) design was used to
extract RCT data from these studies (see Table 3) [19], and a summary table was created to ensure the quality and reliability of the
selected articles (see Table 4) [20-34].

3. Results

All 15 included studies used a chronic unpredictable mild stress (CUMS) model in mice (see Fig. 3) to simulate depression-like
symptoms. Mice in the CUMS model were injected with miRNA-134 (see Fig. 4A), and the experimental process is depicted in
Fig. 4B. Subgroup analysis categorized the studies into synaptic plasticity research (see Table 5), biological examination (see Table 6),
and drug intervention experiments (see Table 7) to investigate miRNA-134’s role in depression onset, diagnosis, and treatment.

3.1. miRNA-134 and the pathogenesis of depression

Depression is a complex disorder with multiple molecular and cellular mechanisms. miRNA-134, known for its role in synaptic and
neural plasticity, has garnered significant research attention [35]. The 15 included articles all conducted studies on synaptic plasticity
(see Table 5) and biological examinations (see Table 6), and analyzed in detail the specific mechanisms of miRNA-134 in depression.
The following will review the effects on synaptic function, neuronal connectivity, signaling pathways and ion channel regulation, as
well as its application prospects as a potential biomarker and therapeutic target.

As a brain-specific microRNA, miRNA-134 regulates genes involved in synaptic connectivity and signaling, affecting dendritic spine
morphology and synaptic strength, which are essential for learning and memory [36]. Synaptic plasticity is often reduced in depression
[37], leading to impaired neural connectivity and decreased function in emotion-regulating brain regions such as the hippocampus and
prefrontal cortex [38-43]. In hippocampal neurons, miRNA-134 reduces dendritic spine volume by inhibiting Limk1 protein trans-
lation [23,26,28], impacting synaptic function and neural plasticity. This regulatory role is crucial for understanding depression’s
pathophysiology [44,45].

Clinical biochemical indicators, such as plasma and proteomic analysis, are also critical in detecting mood disorders like depression
[46-49]. miRNA-134 influences neural development and neurotransmitter regulation, particularly through the BDNF and CREB
pathways [20,24]. BDNF, a key regulator of synaptic plasticity, affects dendritic spine morphology and synaptic strength, activates the
TrkB receptor [50], and promotes local protein synthesis via the mTOR pathway [51,52]. miRNA-134 inhibits Limk1 translation,
interfering with CREB’s function [53-56], thus affecting the brain’s reward circuitry and influencing emotion and behavior [57-59].

Studies on the anterior cingulate cortex (ACC) show that miRNA-134 expression is closely linked to abnormal ACC connectivity
[22]. The ACC plays a key role in emotion regulation, cognitive function, and stress response [60,61]. Imaging transcriptomics studies
indicate that miRNA-134 may regulate ACC-related dysfunction, directly affecting depression symptoms [62,63]. By modulating
neuronal connectivity and synchronization in the ACC, miRNA-134 may exacerbate depressive symptoms, making it a potential

Table 3
Principal characteristics of all included RCTs in this review.
References Participant Design  sample size Outcomes measure Treatment group control
/2 Intervention Procedure group
time
Zhang,H.P et al. Homo sapiens RCT 100/100 miRNA-134 expression CUMS AND MDD 8 weeks HC
[21] (200) 16 rats in plasma; HIP;
AND 16 CUMS PFC; OB
rats
Wang,G; Liu,Y 75 CUMS rats RCT 15/15/15/ ACC; PLS, miRNA-134 CUMS AND GFP AND AAV-miR- 5 weeks HC
et al. [22] 15/15 134-KD AND AAV-miR-134-OE
Fan,C et al. [23] 48 male RCT 12/12/12/ G-Eg1+CUMS; miRNA- CUMS AND CUMS + G-Egl 5 weeks HC
Wistar rats 12 134
Zhu xiuzhi et al. male Wistar RCT N/A Golgi staining; Western CUMS AND G-Rg1+CUMS AND 6weeks HC
[30] rats Blot Nac0.9 %-+CUMS
Huang fei et al. mice RCT 8/8/8 Detection of miRNA CUMS AND CUMS + sertraline 5 weeks HC
[31] levels (10 mg/kg)
Li hong et al. Homo sapiens RCT 62/62 SR-miRNA; SNAS; SDS amisulpride + paroxetine 3 months paroxetine
[32] (124)

miR-134 expression in plasma; HIP,hippocampus; PFC,prefrontal cortex; OB,olfactory bulb; CUMS, chronic unpredictable mild stress; HC,healthy
control; MDD,Major depressive disorder; ACC,anterior cingulate cortex; PLS,partial least squares.

GFP,AAV-green fluorescent protein; AAV-miR-134-KD,AAV-miR-134-knockdown; AAV-miR-134-OE.

AAV-miR-134-overexpression; G-Egl,ginsenosides; PDE,prenatal dexamethasone exposure; NPCs: Neural Progenitor Cells; GR: Glucocorticoid Re-
ceptor; SR,synapse-related miRNAs; SDS,self-rating Depression scale; SNAS, cale for the Assessment of Negative Symptoms; PCR,Real-timePCR,QRT-
PCR.



Table 4

Record of citation analyses and full texts reviewed.

References Types Nation Method Study aims Participants Analysis Results
Wang,G et al. Scientific China CUMS mouse model, electron To explore the 16 CUMS rats To analyze how Rb1 regulates hippocampal
[20] Research microscopy, electrophysiological antidepressant ginsenoside Rb1 synaptic plasticity through the
recording and other techniques. mechanism of regulates hippocampal miRNA-134-mediated BDNF
ginsenoside Rb1 in a synaptic plasticity signaling pathway.
chronic stress-induced through the miRNA-134-
depression model. mediated BDNF signaling
pathway.
Zhang,H.P et al. RCT China PCR measurement of plasma miR- Investigating the 100(MDD)/100 Analyze how plasma Plasma miR-134 is significantly
[21] 134 levels in patients with potential of plasma miR- (HC) and 16 CUMS rats miRNA-134 is down-regulated in patients with
depression and validation in 134 as a biomarker for downregulated in MDD, depression and can effectively
CUMS rat model. the diagnosis of major regulating synaptic distinguish depression from other
depressive disorder plasticity and the CREB- mental illnesses.
(MDD). BDNF pathway.
Wang,G; Liu,Y RCT China CUMS mouse model, genetic To explore the effects of 75 CUMS rats Analyze how knocking Knocking out miR-134-5p
et al. [22] manipulation, protein analysis miR-134-5p knockout on out miR-134-5p promotes significantly improved depressive
technology. hippocampal dendritic AMPK-mediated behavior, promoted mitophagy,
ridge morphology and mitophagy. and restored hippocampal
mitophagy in CUMS dendritic ridge density in CUMS
mice. mice.
Fan,C et al. [23] RCT China CUMS model, protein analysis To explore the role of 48 male Wistar rats Analyzing CUMS rats, CUMS significantly increases the
technology. miR-134 in chronic how miR-134 affects the expression of miR-134 in the
stress-induced depression brain and how Rg1 fights ventromedial vmPFC, and
and the antidepressant depression. ginsenoside Rg1 can protect
potential of Rg1. nerves and resist depression.
Gao,J et al. [24] Scientific United Behavioral tests, LTP To investigate the role of SIRT1D mice To analyze how SIRT1- SIRT1 upregulates the expression
Research States measurements, gPCR and Western SIRT1 in synaptic deficient mice inhibit of CREB and BDNF by inhibiting
blot. plasticity and memory miR-134 to regulate the miR-134.
formation through miR- expression of CREB and
134-mediated BDNF.
mechanisms.
Fiore,R et al. Scientific Germany qPCR, confocal microscopy and To explore how miR-134 Mature hippocampal Analyze target genes such Downregulation of Pum2 is
[25] Research immunofluorescence staining. regulates gene expression neurons as Plk2 and Pum2 to limited to the synaptic-dendritic
in synaptic plasticity and affect synaptic density compartment, and the Pum2/Plk2
synaptic downregulation. and function. interaction is functionally
involved in the downregulation of
chronic activity by the GluA2
surface receptor.
Lou,J et al. [26] Scientific China and Analysis of blood genomics, How miRNA-134 affects 56(MDD)/51 Analysis of miRNA-134 Downregulation of miRNA-134 is
Research United neuroimaging, transcriptomics the pathophysiology of (HC) expression levels, brain closely associated with changes in
States and behavioral data. depression by regulating 57(MDD)/52 imaging data, gene synaptic plasticity and functional
gene expression and (HO) function and mediating connectivity of brain regions in
brain functional effects. patients with depression.
connectivity.
Jiang,T et al. Scientific China PDE rats and their offspring were To explore how Rats exposed to Analysis of miR-134 PDE miR-134-5p through the GR/
[27] Research subjected to behavioral tests, gestational gestational regulation of GR/SIRT1 SIRT1 pathway, inhibits SOX2,

molecular and tissue analyses, and
combined with in vitro
experiments.

dexamethasone exposure
regulates miR-134-5p
and affects the

dexamethasone (PDE)
and their offspring

signaling pathway and
inhibition of SOX2,
leading to neural

leads to neural precursor cell
proliferation disorder, and
increases the susceptibility of
offspring to depression.

(continued on next page)
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Table 4 (continued)

References Types Nation Method Study aims Participants Analysis Results
susceptibility of offspring precursor cell
to depression. proliferation disorder
Schratt,G.M Scientific United Electrophoretic mobility shift To explore how miR-134 Primary cerebral cortex To analyze the miR-134 inhibits the translation of
et al. [28] Research States assay, fluorescent labeling, regulates the translation and hippocampal interaction between miR- Limk1 mRNA by binding to its 3'
luciferase reporter gene assay, of Limkl mRNA and neurons 134 and Limk1l mRNA, UTR, resulting in the reduction of
confocal microscopy and Western affects the size of the mechanism of dendritic spines and affecting
blot. neuronal dendritic spines translation inhibition and synaptic plasticity.
and synaptic plasticity. its regulatory effect on
the structure of neuronal
dendritic spines and
synaptic plasticity.
Yu H et al. [29] Scientific China Behavioral testing, real-time How Rg1 regulates the 48 Wistar male rats Analysis of the regulation Rg1 significantly improved the
Research quantitative PCR, Western blot miR-134-CREB-BDNF of ginsenoside Rg1 on the depressive-like behavior of CUMS
and electron microscopy, etc. signaling pathway. miR-134-CREB-BDNF rats and protected the synaptic
signaling pathway. structure and function of rat
amygdala neurons by regulating
the miR-134-CREB-BDNF
signaling pathway.
Zhu xiuzhi et al. RCT China Golgi staining, transmission To study the role of Male Wistar rats To analyze the effects of Ginsenosides reduce miRNA-134
[30] electron microscopy, Western miRNA-134-Limk1- CUMS on depressive-like expression and improve
Blot, immunofluorescence, RT- Cofilin signaling pathway behavior and neural depressive behavior.
PCR and qPCR in the pathogenesis of structural plasticity in
depression. rats.
Huang fei et al. RCT China Body weight measurement, sugar To explore how sertraline 24 mice Analyze the changes in Sertraline can reverse the
[31] water preference, and PCR affects the levels of the levels of miRNA in the abnormal levels of miRNA in the
detection of mouse hippocampal miRNA in the hippocampus of mice and hippocampus of depressed mice
miRNA levels. hippocampus of evaluate the and exert an antidepressant effect
depression model mice. antidepressant effect of by regulating the levels of miRNA
sertraline. in the hippocampus.
Li hong et al. RCT China Synapse-related miRNAs To explore the effect of 124 patients with major Detection of synapse- Amisulpride combined with
[32] expression, SANS score, SDS score amisulpride combined depression. related miRNAs paroxetine can effectively
and adverse reaction incidence. with paroxetine in the expression and improve depression and negative
treatment of major evaluation of depression symptoms in patients with major
depression and its effect and negative symptoms. depression.
on the expression of
synapse-related miRNAs.
Zhao youying Scientific China Detect the expression levels of Explore the relationship 176 Homo sapeins Analyze the mechanism The expression levels of 25-(OH)
et al. [33] Research vitamin D, acylated ghrelin, and between vitamin D, of how vitamin D, D3, acylated ghrelin, and miR-134
miR-134 in peripheral blood. acylated ghrelin, and acylated ghrelin, and in patients with depression are
miR-134 and depression. miR-134 act in negatively correlated with the
depression. degree of depression.
Rong han et al. Scientific China Depression model, detection of Study the relationship 40 male Sprague-Dawley Analyze mouse plasma The expression of miR-134 is
[34] Research plasma miRNA expression. between plasma miR- rats. miRNA expression data reduced in depressed mice

34a, miR-134, and miR-
143 expression levels and
depression.

to explore how miRNA is
related to depressive
behavior.
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Fig. 3. Mouse-specific locus miRNA-134 injection.

biomarker for depression and a target for personalized treatment [64].

Regarding ion channel regulation and synaptic transmission, miRNA-134 affects neuronal excitability and balance through various
mechanisms. It regulates sodium-potassium ion channels and ion pumps, impacting membrane potential and action potential gen-
eration [65-67]. Gene ontology (GO) analysis reveals that miRNA-134 targets genes involved in ion transport and synaptic trans-
mission, particularly G protein-coupled receptors (GPCRs), which play a significant role in neuronal signaling and synaptic plasticity
[68-75]. miRNA-134’s structural differences result in functional variability; for example, miRNA-134-5p significantly affects synaptic
morphology in hippocampal neurons [76-78], and its knockdown can ameliorate depressive-like behavior in the CUMS mouse model
[79-81]. By influencing the AMPK pathway, miRNA-134-5p regulates mitochondrial autophagy, protecting neuronal cells. The po-
tential of miRNA-134 in diagnosing, monitoring, and treating depression underscores its importance in personalized medicine.

3.2. Research progress of miRNA-134 targeted drugs

The 15 included papers found that the combination of antidepressant drugs (ginsenosides, sertraline, etc.) [20,29,29,32,34](see in
Table 7) and miRNA-134 through drug intervention experiments revealed differences in patients’ responses to drugs and promoted
personalized treatment plans.

Experimental results confirmed that microRNA has a therapeutic effect on mental illness [82-86]. miRNA-134 has attracted
attention as a target for the treatment of depression [87-89]. miRNA-134 is widely expressed in the brain, especially in the regulation
of mood and cognitive function [90-92], and abnormal expression is closely related to depressive symptoms, especially in the hip-
pocampus and prefrontal cortex [93,94].

Drug development targeting miRNA-134 has mainly focused on two strategies: the use of small molecule inhibitors such as
dexamethasone to reduce miRNA-134 levels [29], and the synthesis of anti-miRNA molecules (antimiRs) to disrupt the binding of
miRNA-134 to its target RNA. These approaches aim to restore the imbalance in gene regulatory networks caused by aberrant
expression of miRNA-134, particularly genes that regulate neuronal plasticity and cell survival, such as brain-derived neurotrophic
factor (BDNF) [20,29,30,95,96] and serotonin reuptake inhibitors (SSRIs) such as sertraline and fluoxetine [31,34]. Other microRNAs,
such as miRNA-146a/b-5, miRNA-335, miRNA-139-5p, and miRNA-124, also regulate depression [97-100]. Although these treat-
ments have shown promise in laboratory and animal studies, clinical application remains challenging, including effective drug delivery
to the brain, long-term safety, and potential side effects [101].



Y. Wang et al. Heliyon 10 (2024) 39026
A
ACC-control
- — ]
\ ACC-miRNA-134 Sponge
ITR_|—[Us _|miR134-SP[CAG | ZsGreen| — [[TR |
Schematics of AAV vectors engineered to overexpress a control construct or miR-134- sponge.
lllustration of viral infusion of ITR, inverted terminal repeats; CAG, ZsGreen promoter; U6, miR-134-sponge promoter. Bottom:
ﬁgvr-a'?m 34-sponge into Experimental paradigm for behavioral testing of rats infected by the virus.
B.
Behavioral RNA Injection of
tests extraction drugs
| | | | | | |
I [ [ [ | | |
= CUMS Rat plasma and Real-time RT-gPCR Behavioral tests and
modeling tissue samples Rat plasma
Fig. 4. Chronic unpredictable mild stress (CUMS) in mice.
Table 5
Synaptic function analysis table.
Method References Types Results
Synaptic Wang,G et al. [20] Scientific miRNA-134 affects synaptic plasticity of BDNF in the hippocampus by regulating BDNF expression.
Plasticity Research
Zhang,H.P et al. RCT In the CUMS rat model, miR-134 levels were altered in the peripheral and central nervous systems.
[21]
Wang,G; Liu,Y RCT Knockdown of miR-134-5p improved the morphology and number of dendritic spines in hippocampal
et al. [22] neurons of CUMS mice.
Fan,C et al. [23] RCT miR-134 downregulates the expression and phosphorylation of synaptic proteins Limk1 and cofilin,
resulting in a decrease in dendritic spines and synaptic density.
Gao,J et al. [24] Scientific SIRT1 limits miR-134 expression, promotes CREB and BDNF expression, and enhances and maintains
Research dendritic spine formation.
Fiore,R et al. [25] Scientific Plk2 and Pum2 genes, promote synapse elimination and synaptic downregulation, ultimately
Research reducing synaptic density and AMPA receptor expression.
Lou,J et al. [26] Scientific miRNA-134 affects the structure and function of synapses by downregulating the expression of Limk1.
Research
Jiang,T et al. [27] Scientific PDE leads to a significant reduction in neuronal structural complexity and dendritic spine density.
Research
Schratt,G.M et al. Scientific Overexpression of miR-134 reduced the volume and width of dendritic spines, while 2'-0-Me-134,
[28] Research which inhibits miR-134, increased the volume and width of dendritic spines.
Yu H et al. [29] Scientific CUMS treatment resulted in a significant decrease in synaptic density in rat BLA neurons.
Research
Zhu xiuzhi et al. RCT Rats in the CUMS group showed depressive-like behaviors, decreased synapse numbers, and thinning
[30] of pre- and post-synaptic active zones.
Li hong et al. [32] RCT Amisulpride combined with paroxetine improves the expression of synapse-related miRNAs in major
depressive disorder.
Zhao youyingetal.  Scientific Peripheral blood vitamin D, acylated ghrelin and microRNA-134 expression levels are associated with
[33] Research synapses.

miRNA-134 interacts with existing antidepressants such as SSRIs, altering its expression and affecting downstream gene regulation
[102,103]. This interaction may explain the variable response of patients to antidepressants and suggests that miRNA-134-targeted
drugs could be combined with traditional antidepressants to improve efficacy and reduce side effects [31,34].

4. Discussion

The association of miRNA-134 downregulation with the BDNF (brain-derived neurotrophic factor) and CREB (CAMP response
element binding protein) signaling pathways makes it specific in the mechanism of depression [104]. Inhibition of BDNF and CREB
translation through the interaction of the 3’ untranslated region (3'UTR) of BDNF and CREB microRNA promotes neuronal survival and
adaptation. Synaptic plasticity is key to the adaptation of neural networks, and the downregulation of miRNA-134 may enhance the
activity of the BDNF-CREB signaling pathway with specific effects on synaptic plasticity. It affects synapse formation and function.
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Table 6
Biological examination Subgroup Analysis.
Method  References Types Results
protein  Wang,G et al. [20] Scientific Ginsenoside Rb1 increased the expression of TrkB, AKT, ERK1/2, GSK-3b, b-catenin and CREB downstream
Research proteins.
Wang,G; Liu,Yetal. RCT The expression of proteins related to autophagy and mitochondrial function was different between
[22] depression patients and healthy groups.
Fan,C et al. [23] RCT The expression level of Limk1 protein and the level of phosphorylated cofilin in the vmPFC of CUMS rats
were significantly decreased.
Gao,J et al. [24] Scientific CREB protein levels are significantly reduced in the hippocampus of SIRT1D mice.
Research
Fiore,R et al. [25] Scientific Pentylenetetrazol (Ptx) significantly upregulated the expression of miR-134 in neuronal networks
Research
Jiang,T et al. [27] Scientific PDE upregulates GR and downregulates SIRT1 expression, causing neural precursor cell proliferation
Research disorders and increasing the susceptibility of offspring to depression.
Schratt,G.M et al. Scientific Overexpression of miR-134 leads to a significant decrease in endogenous Limk1 protein levels.
[28] Research
Yu H et al. [29] Scientific Ginsenoside Rgl improves molecular abnormalities in CUMS rats by upregulating the expression of BDNF
Research and phosphorylated CREB
Zhu xiuzhi et al. RCT The expression of Limk1, p-Limk1, Cofilin, p-Cofilin and Spinophilin proteins in the prefrontal cortex of rats
[30] in the CUMS group was decreased.
plasma Zhang,H.P et al. RCT Plasma miRNA-134 expression is downregulated in MDD patients.
[21]
Lou,J et al. [26] Scientific The expression level of exosomal miRNA-134 in the plasma of patients with depression was significantly
Research lower than that in the healthy control group.
Li hong et al. [32] RCT The expression level of plasma miR-134 in the observation group after treatment was lower than that in the
control group.
Zhao youying et al. Scientific The expression levels of plasma 25-(OH)D3, acylated ghrelin and miRNA-134 in patients with depression
[33] Research were lower than those in healthy subjects.
Rong hanetal. [34]  Scientific The expression level of miR-134 in plasma is associated with depressive behavior.
Research
Table 7
Pharmacological intervention experiment.
Method References Types Results
Ginsenosides Wang,G et al. Scientific Ginsenoside Rb1 reduces the expression of miRNA-134 in CUMS mice, and overexpression of
[20] Research miRNA-134 reduces the positive effects of Rb1 on dendritic spine density and synapse-related
proteins in CUMS mice.
Fan,Cetal. [23] RCT Ginsenoside Rgl can protect nerves and fight depression.
Yu H et al. [29] Scientific Ginsenoside Rg1 relieves the inhibitory effect of miR-134 on CREB and BDNF by downregulating
Research miR-134 expression.
Zhu xiuzhi etal.  RCT In the ginsenoside pretreatment group, the expression of miRNA-134 was decreased, and the
[30] expression of Limk1, p-Limk1, Cofilin, p-Cofilin and BDNF proteins was increased.
Sertraline Huang fei et al. RCT Sertraline exerts antidepressant effects by regulating the expression level of miRNA-134 in the
[31] hippocampus.
Amisulpride AND Li hong et al. RCT Amisulpride combined with paroxetine treatment can improve patients’ depressive symptoms.
Paroxetine [32]

Thus, providing biomarkers for the diagnosis and treatment of depression.

In the diagnosis of depression, miRNA-134 combined with synaptic plasticity test, molecular biology experiments, gene manip-
ulation experiments, and pharmacological intervention experiments in depression patients provide target diagnostic treatment for
diagnosing depression. miRNA-134 cannot predict depression in a single patient or separate it from other psychiatric disorders very
clearly due to the different concentrations of miRNA-134 in human skin tissues, cerebrospinal fluid, and blood plasma. Future studies
need to determine cutoff values for plasma miRNA-134 levels that can be used to separate depression from other psychiatric disorders
to improve accuracy.miRNA-134 is also associated with several other signaling pathways. For example, miRNA-134 affects neuronal
survival and function by regulating the expression of SIRT1 and CREB; it participates in the regulation of synaptic structural
remodeling and functional transmission by regulating the MAPK/ERK and PI3K/AKT pathways. Abnormalities in these pathways may
lead to the onset and development of depression.

In a recent study report, Roy et al. [105]demonstrated that miRNA-128-3p expression was enhanced in the amygdala of depressed
patients, resulting in decreased expression of genes associated with the Wnt pathway, Wnt5b, LEF1, and DVL1. Wang et al. [106]found
that miRNA-124-3p was significantly downregulated in depressed patients, and this downregulation eliminated its effect on the
expression of DNA damage inducible transcript 4 protein (DDIT4) and SP1, and suppressed the mTOR signaling pathway. Disruption of
these pathways leads to neurodevelopmental abnormalities associated with neuropsychiatric disorders. In this study, we explored the
role of only one miRNA in the pathophysiology, diagnosis and treatment of depression, and considering the heterogeneity and
complexity of depression, a group of microRNAs can be selected as biomarkers for the diagnosis of depression in future studies, which
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can significantly improve the accuracy of diagnosis.

This study has limitations, mainly reflected in the small sample size. Only 15 papers were included, most of which focus on animal
experiments, raising concerns about whether the findings can be directly applied to human clinical treatment. Additionlly, the limited
sample size increases the risk of bias and restricts a comprehensive understanding of miRNA-134’s function. The heterogeneity of
research methods may also affect the generalizability of the results. Furthermore, there is a lack of model studies targeting different
stages of depression, which hinders the development of more precise and personalized treatment plans. Addressing these issues is
essential for enhancing the robustness and applicability of future research.

5. Conclusion

In conclusion, miRNA-134 is regulated at the molecular level of depression by mediating certain factors and information pathways
that are key to depression to achieve a reduction in depressive states and behaviors. On the one hand, miRNA-134 also regulates
several target genes, such as Limk1, Pumilio-2, Plk2, etc. through the regulation of The downstream targets of miRNA-134 are
regulated to affect intracellular signaling and function. On the other hand, in combination with BDNF in the hippocampus, activation
of MAPK/ERK and PI3K/AKT signaling pathways, which are involved in the regulation of synaptic structural remodeling and func-
tional transmission, modulates depression, of which miRNA-134-5p is an important biomarker for the diagnosis of depression. Yin
et al. [107]found that miRNA-137 rs1198588 and rs2660304 polymorphisms were associated with the risk of schizophrenia, and the
association of carrying these polymorphisms was more significant in females, providing a precise basis for diagnosis and treatment.

In the future, researchers need to conduct further investigations to identify the specific sequence of miRNA-134-5P that may play a
role in subsequent gene regulation, as well as explore other gene clusters and homologous structures in miRNA-134 associated with
depression. There are large individual differences in the clinical symptoms and severity of depression [108-110]. Some studies have
shown that sex hormones, which differe between male and female, may affect neurotransmitter and modulatory systems, leading to
varying clinical symptoms [111-114]. A better understanding of mi RNA-134’s mechanism of action could lead to new treatment
strategies that improve the prognosis of patients with depression. In conclusion, research on miRNA-134 offers a promising direction
for future personalized medicine and is expected to greatly enhance the diagnosis and treatment of depression.
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