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Unipolar and bipolar depression [major depressive disorder (MDD) and bipolar disorder (BD)] are complex psychiatric disorders characterized
by disturbances in mood, affect, and cognition. Increasing evidence has confirmed epigenetic malfunctioning at the core of these two mental
conditions; however, the exact molecular nature of that epigenetic maladaptivity is less known. Lately, long noncoding RNAs (IncRNAs) have
emerged as essential epigenetic regulators of gene expression and cellular processes, offering new avenues for exploring the pathophysiology
of mood disorders. In this report, we present a comprehensive review of recent clinical studies investigating the involvement of IncRNA in MDD
and BD, and emphasizing their disease-specific contribution as potential biomarkers. We explore the dysregulation of specific IncRNAs
detected in peripheral blood samples of individuals with mood disorders, while underscoring their significance for clinical diagnosis, prognosis,

and predicting treatment response. Additionally, we provide future directions for IncRNA research in the context of mood disorders.
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Introduction

Major depressive disorder (MDD) and bipolar disorder (BD) remain signif-
icant public health challenges affecting millions of individuals worldwide.
According to DSM-5, MDD and BD are the two most common types of mood
disorders represented by mood instability, which results from dysfunc-
tionality in emotional, cognitive, and behavioral domains (1). According
to the report, this may affect a wide range of the population, including
adolescents and adults. An estimated 21.4% of U.S. adults experience a
mood disorder at some time in their lives, and it has been suggested that
the prevalence of mood disorder is higher in females than males (2, 3).
BD is among the most common major psychiatric disorders, with a 1%-4%
prevalence rate (4). On the other hand, MDD is a common and debilitat-
ing psychiatric disorder affecting as many as 12% of adults globally, with
its prevalence in the United States being highest among young adults,
women, and the elderly (5, 6).

Both MDD and BD are associated with anincreased risk of suicide. Data
suggest that an estimated 31% of MDD and 34% of BD subjects had at
least one suicide attempt in their lifetime (7, 8). It is now increasingly evi-
dent that a combination of genetic, environmental, and psychological fac-
torsis likely to be the cause of mood disorders, embracing all the MDD and
BD cases worldwide (9, 10). Impaired stress response has been strongly
implicated in the etiopathogenesis of both MDD and BD. Over the past
years, molecular studies in the brain have underscored the importance
of altered gene expression dynamics in the development, manifestation,
and progression of MDD and BD (11, 12). In addition, increasing knowl-
edge has highlighted the role of stress-associated environmental influ-
ences on transcriptomic perturbation of MDD and BD brains in the face
of compromised “epigenetic plasticity” (13). Despite extensive research
in the past several years, the maladaptive epigenetic changes in MDD
and BD brains remain poorly understood. Long noncoding RNA (LncRNA)
has emerged as a new master epigenetic regulator and has shown enor-
mous potential for connecting the missing dots in the compromised gene
regulatory map of MDD and BD brains (14-16). In our understanding, as
essential regulators of gene expression and diverse cellular processes,
LncRNA may provide new opportunities for exploring the pathophysiology
of mood disorders with the added benefit of being used as diagnostic and
treatment response biomarkers in peripheral circulation (14). A growing

body of knowledge from both clinical and preclinical studies has provided
valuable mechanisticinsightinto the functional roles of IncRNAs in mood-
related behaviors and neurobiological processes. Although increasing ev-
idence regarding their availability in peripheral circulation has reinforced
their potential use as clinical biomarkers, additional research is warranted
to untie the complex regulatory role of IncRNAs and their implications for
the diagnosis, prognosis, and treatment of mood disorders.

This report offers an overview of recent studies exploring the role of
IncRNAs in both bipolar and unipolar depression, while encompassing in-
sights collected from clinical samples. We discuss the dysregulation of
specific IncRNAs observed in peripheral blood samples of individuals with
mood disorders, while highlighting their potential as biomarkers for di-
agnosis, prognosis, and treatment response prediction. Furthermore, we
look into the probable future implications of these findings in clinical
practice for early disease prognosis and treatment management.

Chronicles of IncRNA

In the brain, IncRNA is a heterogeneous class of transcripts that con-
tributes 30% to 70% of the expressed transcriptome; however, the per-
centage can vary depending on brain regions and cell types (17, 18). Arbi-
trarily, IncRNAs are more than 200-nucleotide-long RNA transcripts with
limited coding potential and low levels of expression and sequence con-
servation (18, 19). Coherency in expression correlation between genes
and LncRNAs in both positive and negative fashion has led to deciding
their role in spatiotemporal transcriptomic regulation, unlike other non-
coding RNA family members [e.g., microRNAs (miRNAs)]. Despite the
standard structural features of 5'methyl capping, polyadenylated tail,
and capability of producing splice variants, IncRNAs differ from stan-
dard protein-coding mRNAs in several attributes. With limited coding po-
tential, IncRNAs remain controversial because open reading frames are
sparsely found on them. Most often, the IncRNA is found to have fewer
and longer exon lengths with less primary sequence conservation pat-
tern (18). Regardless of the less classified structural conspicuity and in-
adequately documented biogenic origin, many IncRNA populations have
shown discernible functional relationships in regulating complex cellu-
lar processes (20). Considering the mode of function at the cellular level,
LncRNAs are mostly recognized as epigenetic mediators that modulate
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Figure 1. The network plot illustrates the interconnectedness of three distinct
mood disorders (major depressive disorder: MDD, bipolar disorder: BD, and sui-
cidal behavior: SB) based on shared IncRNA profiles detected in the peripheral
circulation. Each node represents a specific IncRNA, and edges between nodes
indicate significant associations between them and disorders across the ana-
lyzed studies. Node color and shape correspond to different mood disorders,
facilitating visualization and interpretation of the findings.

information processing pathways by targeting almost every stage of the
central dogma (21). Their bimodal role in achieving both cis and trans reg-
ulation comes from the ability to act as scaffolds, decoys, and antisense
interference (19, 22). Altogether, the epigenomic complexity achieved by
LncRNAs due to their diverse nature of regulatory function makes them
an obvious choice to be used as potential therapeutic targets to modu-
late gene function (Figure 1).

It has been suggested that approximately 40% of identified LncRNAs
exhibit brain-specific functions (23). These IncRNAs, considered among
the most evolutionarily conserved transcripts, demonstrate specific ex-
pression patterns in key brain regions such as the cortex, cerebellum,
and hippocampus (24, 25). Recent studies have underscored the emerg-
ing significance of IncRNAs in regulating crucial neuronal processes like
synaptogenesis, plasticity, neurite development, and neuronal differenti-
ation (23, 26, 24). However, further exploration of their role in neuropsy-
chiatric disorders is warranted. Brain-expressed IncRNAs exhibit greater
spatiotemporal and cell-type specificity with interesting subcellular ex-
pression profiles than any other protein-coding genes (27). Moreover,
their expression is dynamically regulated in response to neuronal activ-
ity. Recent RNA sequence analyses have highlighted the transcriptional
deregulation of LncRNAs in the postmortem brains of individuals with psy-
chiatric disorders; this aligns with findings indicating that many muta-
tions associated with neuropsychiatric conditions occur in noncoding re-
gions of the genome (28). Genome-wide anatomical details have revealed
their preferential genomic positioning near coding genes specific to the
brain, which often share a similar expression pattern with these genes
(23,29).This demonstrates a unique feature of IncRNAs, which likely plays
a pivotal role in finely modulating gene levels essential for neurogenesis,
a key event often seen to be puturbed in mood disorders.

The Potential of IncRNA as a Circulating Biomarker in Mood Disorders
The significance of the preceding discussion lies in its clinical trans-
lational value, particularly in establishing a connection between the
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mechanical relevance observed in psychiatric brains and the develop-
ment of circulating IncRNAs as peripheral biomarkers for mood disor-
ders. These circulating IncRNAs, detectable in bodily fluids such as blood,
cerebrospinal fluid, and saliva, hold immense potential as noninvasive
tools for diagnosing mood disorders, predicting therapeutic response,
and monitoring treatment outcomes. Their accessibility and stability
make them attractive candidates for biomarker discovery, providing in-
sights into disease pathogenesis and progression without requiring in-
vasive procedures (30). Expanding the clinical utility of IncRNAs holds
significant promise, especially in the domain of mood disorders. While
current research has shown preliminary evidence of IncRNAs’ clinical rel-
evance, there is a burgeoning interest in exploring their broader applica-
tions in psychiatric practice, particularly in diagnosing, prognosticating,
and treating mood disorders.

Diagnostic biomarkers, such as IncRNA MALAT1, have shown promise
in discerning distinct expression patterns in individuals with mood dis-
orders, suggesting their potential for early detection and intervention
strategies. Similarly, IncRNAs like HOTAIR may serve as prognostic indica-
tors, offering insights into treatment responses and disease progression.
Additionally, targeting dysregulated IncRNAs, such as NEAT1, presents
therapeutic avenues for restoring neural circuitry function and alleviating
symptoms associated with mood disorders. Despite these promising ap-
plications, several challenges must be addressed to facilitate the broader
clinical integration of IncRNAs in mood disorders. Standardization of as-
says, encompassing sample collection, RNA isolation methods, and data
analysis pipelines, is crucial for ensuring reproducibility and reliability
across studies. Collaborative efforts among multidisciplinary teams are
vital for elucidating the molecular mechanisms underlying IncRNA in-
volvement in mood disorders and overcoming biological complexities.
Ethical and regulatory considerations also play a significant role in the
clinical integration of LncRNAs. Upholding patient privacy, obtaining in-
formed consent, and adhering to data-sharing protocols, are essential for
ethical clinical translation. Transparency in reporting study findings and
adherence to regulatory guidelines are vital for maintaining public trust
in IncRNA-based approaches. In conclusion, the expanded clinical usage
of IncRNAs in mood disorders presents an exciting frontier in psychiatric
practice. By leveraging IncRNA biomarkers as diagnostic tools, prognos-
tic indicators, and therapeutic targets, clinicians can adopt personalized
approaches to patient care. Addressing challenges related to standard-
ization, biological complexity, and ethical considerations is critical for
realizing the full clinical potential of IncRNA-based strategies in mood
disorders.

The proceeding sections will examine these aspects, ensuring align-
ment with the scope and interest of this review article. A summary of the
discussed reports is provided in Table 1.

LncRNAs in MDD
Understanding the molecular underpinnings of MDD is crucial for advanc-
ing diagnostic and therapeutic strategies in psychiatry. Over the years,
researchers have increasingly focused on the role of lncRNAs in MDD
pathogenesis, aiming to elucidate their regulatory functions and poten-
tial as biomarkers or therapeutic targets. In this narrative, we dig deeply
into studies investigating the dysregulation of IncRNAs in patients with
MDD. These studies encompass investigations into genetic associations,
expression profiling, and the functional implications of IncRNAs in as-
pects such as diagnosis, suicide risk, and treatment response. However,
we aim to explore the diagnostic and therapeutic opportunities IncRNAs
present in MDD, particularly emphasizing their potential role as periph-
eral biomarkers, especially in disease diagnosis and treatment response.
To begin, one of the polymorphic studies has investigated the poten-
tial involvement of intergenic genetic variants in MDD pathogenesis by
regulating IncRNA located within these regions (31). Genome-wide asso-
ciation studies have identified numerous genetic variants for MDD, with
a significant portion located in intergenic regions where approximately
54% of IncRNAs are found. The hypothesis is that these intergenic vari-
ants might influence MDD susceptibility by modulating the expression
of LncRNAs in their vicinity. Several MDD-associated single-nucleotide
polymorphisms (SNPs) within three known intergenic LncRNAs were ini-
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Table 1. The IncRNA profiling and their clinical utility in human peripheral blood samples from subjects with MDD, BD, and SB for biomarker
analysis
Source IncRNAs IncRNA Finding Outcome Techniques Used References
Major Depressive Disorder
Peripheral blood chr10:874695-874794, Expression Authors identified IncRNA that Microarray-based 36
chr10:75873456-75873642, profiling are aberrantly expressed in MDD high-throughput gene
chr3:47048304-47048512 and contributed in the molecular  expression profiling
pathogenesis of this disorder
PBMC TCONS_00019174, Expression Expression of six IncRNAs in Microarray and 31
ENST00000566208, profiling PBMCs may serve as potential quantitative PCR
NONHSAG045500, biomarkers for diagnosis and
ENST00000517573, therapeutic response in MDD
NONHSAT034045, and
NONHSAT142707
Peripheral blood LINC01108 Expressionand  This study provides preliminary ~ TagMan genotyping 32
cells SNP analysis  evidence that intergenic variants assay, PCR based
might contribute to the expression
pathogenesis of MDD through
regulating the expression of
LncRNAs where these variants are
located
Peripheral blood LINC00998 Expression & Microarray-based 32
cells SNP analysis high-throughput gene
expression profiling
Peripheral blood RMRP Expression Outcome of this study suggests Quantitative PCR 40
leukocytes profiling that five IncRNAs are DE in based expression
patients with MDD compared to profiling
healthy subjects and lower RMRP
level may serve as a potential
biomarker for MDD
Peripheral blood Y5, MER11C, PCAT1, and PCAT29 Expression Quantitative PCR 40
leukocytes profiling (qPCR) based
expression profiling
Peripheral blood XIST, RP11-706015.3, Expression DE IncRNA molecules are Next-generation 44
RP11-706015.5, RP11-415F23.2, profiling attractive biomarkers to sequencing-based
RP11-1250I15.1, CTC-523E23.11, diagnose depression expression profiling
RP11-706015.7, AL122127.25, and gPCR validation
TNRC6C-AS1, RP4-575N6.4
Peripheral blood AP000350.5, MIF-AS1, Expression 44
RP11-5139.5 profiling
Whole blood ANRIL-associated SNP rs1333045  SNP analysis SNPs within selected IncRNAs Genotyping using 43
and rs1333048 such as ANRIL might confer risk tetra-primer
of neuropsychiatric disorders amplification
refractory mutation
system PCR method
Peripheral blood 25 DE IncRNAs (MALAT1, Expression Results suggests that IncRNAs ~ Whole transcriptome 37
LINCO0504, HCG18, LINC02503, profiling determined in peripheral blood sequencing
AL590867.1, and SMIM25) may affect metabolism,
inflammation, immunity, and
oxidative phosphorylation and
mat be involved in the
pathogenesis of MDD
Whole blood FEDORA (RP11-298D21.1) Expression LncRNA FEDORA may play an Quantitative PCR 35
profiling important role in shaping the (qPCR)-based
sex-specific landscape of the expression profiling
brain and contribute to sex
differences in MDD
Bipolar Disorder
Peripheral blood CCAT2, TUG1, PANDA Expression Results demonstrates the Quantitative 48
profiling possible role of certain IncRNAs PCR-based expression
in the pathogenesis of bipolar profiling
disorder and their potential use
as diagnostic markers in this
disorder (continued)
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Table 1. (Continued)
Source IncRNAs IncRNA Finding Outcome Techniques Used References
Peripheral blood 0IP5-AS1 Expression 48
profiling
Whole blood ANRIL associated SNP rs1333045  SNP analysis SNPs within selected IncRNAs Genotyping using 43
and rs1333048 such as ANRIL might confer risk tetra-primer
of neuropsychiatric disorders amplification
refractory mutation
system (ARMS) PCR
method
Peripheral blood MALAT 1 Expression Expression level of MALAT1 can Quantitative PCR 53
profiling serve as a potential biomarker for (qPCR)-based
bipolar disorder expression profiling
PBMC SCAL1 (LUCAT1), RMST, MEG3 Expression Peripheral expression of certain Quantitative 52
profiling LncRNAs may be used as potential PCR-based expression
biomarkers for bipolar disorder profiling
Whole blood GASS5 and FOXD3-AS1 Expression The results highlight that Quantitative 49
profiling dysregulation of FOXD3-AS1 and PCR-based expression
GASS5 may be associated with an profiling
increased risk of bipolar disorder
Peripheral MALAT-1, GAS-5 Expression This study provides evidence for Quantitative 50
venous blood profiling the use of LncRNAs as biomarkers PCR-based expression
for the diagnosis and monitoring profiling
the effectiveness of therapies of
bipolar disorder
Suicidal Behavior
PBMC TCONS_00019174, Expression Expression of six downregulated Microarray and gPCR 34
ENST00000566208, profiling IncRNAs had a negative
NONHSAGO045500, association with suicide risk in
ENST00000517573, MDD.
NONHSAT034045, and
NONHSAT142707

tially genotyped among a cohort of 978 patients with MDD and 1,176
controls to explore this hypothesis. Subsequently, quantitative reverse
transcriptase PCR (qRT-PCR) assays were conducted to quantify the ex-
pression levels of two specific IncRNAs, LINC01108 and LINC00578, in
peripheral blood cells from a subset of 20 patients with MDD and 20
controls. The results revealed a strong association between rs12526133
within LINC01108 and MDD, with significantly higher expression levels
of LINC01108 in the patient group compared to controls. Additionally,
the analysis of LINCO0998 expression via microarray showed a signifi-
cantly lower level in patients with MDD than in controls, with further
genotyping revealing an association between rs2272260 in LINCO0998
and MDD. These findings suggest the potential role of noncoding vari-
ants, particularly those within intergenic regions, in contributing to the
risk for MDD. By elucidating the interplay between genetic variants and
LncRNA expression, this study provides valuable insights into the complex
molecular mechanisms underlying MDD pathogenesis, opening avenues
for further research into the functional significance of noncoding vari-
ants and their potential as therapeutic targets or diagnostic markers for
MDD (31).

Another study addressed suicide in the context of World Health Or-
ganization reporting nearly 1 million suicides annually worldwide, with
40% of suicide completers experiencing major depression (32). Focus-
ing on patients with MDD, the primary objective of this study was to in-
vestigate the association between LncRNA expression in peripheral blood
mononuclear cells (PBMCs) and suicide risk (33). Utilizing Human LncRNA
3.0 microarray profiling, encompassing 30,586 human LncRNAs, and em-
ploying RT-PCR, the study identified six downregulated IncRNAs differen-
tially expressed (DE) in patients with MDD. Based on suicidal ideation and
past suicidal attempts, patients with MDD were categorized into groups:
suicidal ideation, no suicidal ideation, past suicide attempt, and no past
suicide attempt. RT-PCR analysis revealed significant differences in the
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expression of the six IncRNAs between the suicidal ideation, no suici-
dal ideation, and control groups while corresponding LncRNAs associ-
ated with suicidal attempt exhibited notable differences between past
attempt, no past attempt, and control groups. Interestingly, only the ex-
pression of IncRNAs in the suicidal ideation and past attempt groups
significantly decreased compared to controls. These findings suggest a
negative association between the expression of the six downregulated
LncRNAs and suicide risk in patients with MDD. Importantly, the study un-
derscores the potential of IncRNA expression in PBMCs as a biomarker
for assessing suicide risk in patients with MDD, thereby enabling clini-
cians to deliver timely interventions and prevent suicide. This research
contributes valuable insights into the molecular mechanisms underlying
suicide risk in MDD. It highlights the clinical utility of IncRNAs as poten-
tial diagnostic markers for suicide risk assessment in psychiatric practice.
However, further investigations are warranted to validate these findings
and explore the therapeutic implications of IncRNA-based interventions
in suicide prevention strategies for patients with MDD (33).

In a separate study, the role of a newly discovered IncRNA, FEDORA,
was found in blood samples of women disproportionately affected by MDD
(34). The blood levels of FEDORA exhibit diagnostic implications for de-
pressed women and are linked to the clinical response to ketamine treat-
ment. These findings not only underscore the pivotal role of IncRNAs, par-
ticularly FEDORA, in shaping the sex-specific landscape of the brain, but
also its contribution to peripheral diagnosis to determine sex differences
in MDD. This highlights the potential diagnostic and therapeutic implica-
tions of IncRNAs like FEDORA in paving the way for personalized interven-
tions tailored to address sex-specific vulnerabilities in depression (34).

Another study examined the emerging role of a large panel of lncRNAs
in mood disorders, particularly in MDD (35). To address this, the research
employed microarray technology to profile the expression of 34,834
LncRNAs and 39,224 mRNAs in peripheral blood samples obtained from
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patients with MDD and demographically matched controls. Among these
transcripts, 2,007 IncRNAs and 1,667 mRNAs were found to be DE, includ-
ing 17 previously documented depression-related genes. Gene Ontology
(GO) and pathway analyses revealed that the biological functions of DE
mRNAs were associated with fundamental metabolic processes and neu-
rodevelopmental diseases. To elucidate the potential regulatory roles of
DE LncRNAs on mRNAs, coexpression networks comprising IlncRNAs and
mRNAs were constructed, revealing significantly correlated expression
patterns. Notably, the MDD-derived network exhibited a greater num-
ber of nodes and connections compared to the control-derived network.
Specifically, IncRNAs located at chr10:874695-874794, chr10:75873456-
75873642, and chr3:47048304-47048512 were identified as potential
regulators of mRNA expression, having previous associations with MDD.
This pioneering study represents the first exploration of genome-wide
LncRNA expression and coexpression patterns with mRNA in MDD. Identi-
fying aberrantly expressed circulating IncRNAs in MDD suggests their po-
tential contribution to the molecular pathogenesis of the disorder. These
findings offer valuable insights into the regulatory networks underlying
MDD and highlight the significance of IncRNAs as potential biomarkers
and therapeutic targets for MDD. Further research is warranted to val-
idate these findings and elucidate the functional roles of dysregulated
LncRNAs in MDD pathophysiology (35).

One study utilized an integrated analysis to examine the differen-
tial expression of mMiRNAs, IncRNAs, circular RNAs (circRNAs), and mRNAs
between MDD and healthy controls (HCs) (36). Whole transcriptome se-
quencing on peripheral blood samples from 15 patients with MDD and 15
matched HCs, followed by weighted gene co-expression network analysis
(WGCNA), was employed to identify RNA coexpression modules associated
with MDD. Additionally, a competitive endogenous RNA (ceRNA) network
was constructed to interpret interactions between different RNA species.
Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analyses were
conducted to explore potential biological mechanisms associated with
MDD. The results revealed significant dysregulation of multiple RNAs and
coexpression modules in MDD compared to HCs. Furthermore, a ceRNA
network (also known as a tripartite transcriptional regulatory network,
this network is based on the complex interactions among LncRNA, miRNA,
and messenger RNAs (mRNA), and it functions to mediate a ceRNA inhi-
bition environment within cellular conditions) comprising dysregulated
RNAs in MDD was constructed based on the identified differential RNAs.
Pathway analysis highlighted associations between MDD and processes
related to oxidative phosphorylation and chemokine signaling, suggest-
ing the potential involvement of energy metabolism and inflammation in
the pathophysiology of MDD. As examined in peripheral circulation, these
findings offer insights into the complex regulatory networks constructed
by IncRNA-miRNA and mRNA interaction underlying MDD pathogenesis,
and provide potential targets for further investigation as well as thera-
peutic intervention (36).

MDD often co-occurs with significant levels of anxiety, with greaterill-
ness severity and functional impairment observed in patients experienc-
ing both conditions. However, the underlying pathogenesis of this comor-
bidity remains uncertain. To explore potential molecular links between
MDD and generalized anxiety disorder (GAD), IncRNA microarray profil-
ing and reverse transcription polymerase chain reaction (RT-PCR) was uti-
lized to identify six downregulated LncRNAs as potential biomarkers for
MDD and three upregulated IncRNAs for GAD in blood mononuclear cells
(PBMCs) (37). These IncRNAs were then cross-checked in 40 patients with
MDD, 40 patients with GAD, and 40 normal controls. The results revealed
that the six downregulated IncRNAs associated with MDD exhibited sig-
nificantly lower expression levels in GAD than normal controls, with no
significant difference between GAD and MDD groups. Conversely, three
upregulated LncRNAs in GAD showed no significant difference in expres-
sion levels compared to MDD, but exhibited a remarkable difference be-
tween MDD and GAD groups. These findings suggest that IncRNAsin PBMC
could serve as potential molecular links between MDD and GAD, provid-
ing new insight into the shared pathogenesis of these disorders. Further-
more, the results imply that anxious depression could represent a dis-
tinct diagnostic subtype of MDD. Overall, this study contributes to our
understanding of the molecular mechanisms underlying the comorbidity
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between MDD and GAD, potentially paving the way for developing more
targeted diagnostic and therapeutic approaches (37).

In a separate study, one group of investigators aimed to examine
IncRNAs in PBMC from depressed patients and performed bioin-
formatic analysis for IncRNA target gene prediction and functional
annotation (38). Initially, microarray analysis was conducted to identify
transcriptome-wide dysregulated LncRNAs. Subsequently, 10 IncRNAs
with the highest expression changes were selected for validation using
gRT-PCR and bioinformatics analysis. The results revealed significant
downregulation in the expression levels of nine IncRNAs (TCONS_L2_
00001212, NONHSAT102891, TCONS_00019174, ENST00000566208,
NONHSAG045500, ENST00000591189, ENST00000517573, NONHSAT-
034045, NONHSAT142707) compared to controls (p < 0.05). Further-
more, IncRNA target gene prediction and functional annotation analysis
indicated significant enrichment in GO biological processes (BP) and
KEGG pathways associated with the nervous system and brain functions,
suggesting the potential involvement of the dysregulated lncRNAs
in the pathogenesis of MDD. Additionally, Cytoscape-based network
construction provided further clues to the association of these IncRNAs
with MDD. In conclusion, the study suggests that altered expression of
the identified IncRNAs may play a role in the pathogenesis of MDD and
could serve as noninvasive biomarkers for MDD diagnosis. These findings
further contribute to our understanding of the molecular mechanisms
underlying MDD and may facilitate the development of novel diagnostic
strategies (38).

To further understand aberrant IncRNA expression and MDD patho-
physiology, the next study aimed to assess the potential of LncRNAs in
peripheral blood leukocytes as biomarkers for MDD (39). In this study,
the authors performed gRT-PCR analysis to measure the expression lev-
els of 83 IncRNAs in the peripheral blood leukocytes of 29 patients with
MDD and 29 age- and gender-matched HCs. The findings revealed dis-
tinct expression signatures in patients with MDD, with lower expression of
one IncRNA (RMRP) and higher expression of four IncRNAs (Y5, MER11C,
PCAT1, and PCAT29) compared to HCs. Notably, the expression level of
RMRP correlated with depression severity, as measured by the Hamil-
ton Depression Rating Scale (HAM-D). Furthermore, the authors tested
their human findings in animals and detected lower RMRP expression in
a mouse model of depression, supporting the findings from patients with
MDD. These results suggest that lower RMRP levels may serve as a poten-
tial biomarker for MDD. This study contributes to our understanding of the
molecular mechanisms underlying MDD and offers promising avenues for
developing biomarkers for better disease diagnosis (39).

SNPs of IncRNA have emerged as potential contributors to depres-
sion susceptibility. In a Chinese population study, four IncRNA SNPs
(rs2242385, rs155979, rs3762983, and rs3762984) were found to be
associated with IncRNA, NONHSAT102891, on depression susceptibility
(40). Through a case-control study involving 480 depression patients and
329 HCs, genotyping was performed using gene sequencing. The findings
revealed that the rs155979 GC genotype exhibited a significant associa-
tion with an increased risk of depression compared to HCs. The stratified
analysis furtherindicated an approximately 2-fold elevated risk of suicide
among patients with the rs155979 GC or GG genotype. However, no sig-
nificant associations were observed between the rs2242385, rs3762983,
and rs3762984 polymorphisms and depression risk. Haplotype analy-
sis unveiled linkage disequilibrium between rs155979, rs3762983, and
rs3762984, with the CCG haplotype, demonstrating a reduced risk of
depression. Despite the study's limitations, such as a relatively small
sample size and restriction to patients from a specific population, these
findings shed light on the potential association of the rs155979 polymor-
phism with depression occurrence in the Chinese population. Further in-
vestigations involving larger cohorts and diverse ethnic groups are war-
ranted to validate these findings to ascertain their reliability. This study
underscores the significance of exploring genetic variations, particularly
IncRNA SNPs, from peripheral circulation with a promise to unravel the
complex etiology of depression and advance personalized treatment ap-
proaches (40).

The diagnosis of depression relies primarily on behavioral obser-
vation and self-reporting of symptoms, lacking biological validation.
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To overcome this, one study aimed to identify IncRNAs in peripheral
PBMCs as biomarkers for diagnosing and predicting treatment response
in MDD cases (30). Human IncRNA 3.0 microarray profiling, covering
30,586 human IncRNAs, was used in PBMCs from 5 patients with MDD
and five controls. DE IncRNAs in PBMCs of patients with MDD were
identified, and 10 candidate IncRNAs were selected for further vali-
dation using RT-PCR analysis in a larger validation cohort of 138 pa-
tients with MDD and 63 HCs. Additionally, among the 138 patients with
MDD receiving standard antidepressant treatment, 30 were randomly
selected for IncRNA expression retesting and symptomatology assess-
ments after 3 and 6 weeks of treatment. The findings revealed that
six IncRNAs (TCONS_00019174, ENST00000566208, NONHSAG045500,
ENST00000517573, NONHSAT034045, and NONHSAT142707) were sig-
nificantly downregulated in patients with MDD compared to controls. The
combined expression of these six IncRNAs exhibited an area under the re-
ceiver operator curve (ROC) of 0.719 [95% confidence interval (Cl): 0.617-
0.821], suggesting their potential as diagnostic biomarkers for MDD. Im-
portantly, there were no differences in the expression of these IncRNAs
based on gender or age. In conclusion, the combined expression of six
IncRNAs in PBMCs holds promise as a potential biomarker for diagnos-
ing and predicting therapy response in MDD, offering a valuable tool for
clinical practice (30).

Perinatal depression (PD) poses significant challenges in diagnosis
and treatment, especially in regions with limited access to mental
health professionals. Using RT-PCR, six downregulated IncRNAs, found
to be associated with MDD (NONSUSG010267, NONHSAT140386,
NONHSAGO004550, NONHSAT125420, NONHSAG013606, and NONM-
MUGO014361), were assessed in 39 pregnant women with PD (PD group),
20 PD patients undergoing mindfulness-integrated cognitive behavior
therapy (MiCBT) [treatment group (TG)], and 51 normal pregnant women
[normal control (NC) group] during the second trimester and at 42 days
postpartum (41). The results showed that these six IncRNAs were signifi-
cantly downregulated in the PD group during the second trimester and at
42 days postpartum compared with the NC group. After MiCBT therapy,
the expression of NONHSAG004550 and NONHSAT125420 was signifi-
cantly upregulated in the TG, with no significant differences observed
between TG and the NC group at 42 days postpartum. Furthermore,
NONHSAGO004550 and NONHSAT125420 exhibited significant differen-
tial expression in the PD group, and this expression pattern changed
with the improvement of depressive symptoms. The ROC curve analysis
revealed that the combination of these two IncRNAs had good predictive
value for PD, with an area under the curve (AUC) of 0.764 (95% Cl: 0.639-
0.888). In conclusion, the combination of IncRNAs NONHSAG004550 and
NONHSAT125420 shows promise as a novel diagnostic biomarker for PD
in peripheral circulation (41).

In another study, the researchers focused on two SNPs, rs1333045
and rs1333048, within the ANRIL gene locus and their association with
BD and MDD (42). ANRIL is an antisense noncoding RNA in the INK4
locus (ANRIL) and has been found to be important in mental disor-
ders. In methamphetamine addiction in an Iranian population study,
the polymorphic analysis revealed intriguing associations between these
SNPs with MDD and BD. For instance, rs1333045 showed associations
with methamphetamine addiction in recessive and multiplicative models,
while rs1333048 exhibited associations with methamphetamine addic-
tion in the codominant model. Moreover, rs1333048 showed associations
with BP Iin the codominant model and other inheritance models, whereas
rs1333045 was not associated with BP I'in any inheritance model. Notably,
significant associations were observed between both SNPs and BP Il in all
inheritance models. Interestingly, the study also uncovered associations
between the selected SNPs and MDD, with rs1333045 being associated
in the recessive model and rs1333048 in dominant, recessive, and multi-
plicative models. Additionally, haplotype analyses indicated that certain
haplotypes were associated with decreased or increased risk of addiction,
BP I, BP Il, and MDD (42).

Separately, in aninteresting study, a group of researchers aimed to un-
cover molecular disparities between type 2 diabetes mellitus (T2DM) and
T2DM with depression by investigating the expression profiles of InCRNA,
mMRNA, and circRNA in patients’ blood (43). Through meticulous screen-
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ing and profiling, the study identified 28 IncRNAs, 107 circRNAs, and 89
mRNAs that exhibited differential expression in depressed patients com-
pared to those with T2DM alone. Further analysis, including bioinformat-
ics assessment, shed light on the functional roles of these DE genes,
revealing their involvement in various BP and pathways associated with
depression. Notably, genes implicated in neuropsychiatric system devel-
opment, immunity, and inflammation were found to be dysregulated in
the depressed group, underscoring the complex interplay between molec-
ular pathways and psychiatric disorders. Validation of key DElncRNAs and
mRNAs through RT-PCR experiments corroborated the findings from se-
quencing, affirming the existence of distinct expression profiles in pa-
tients with MDD compared to those with T2DM alone. Additionally, the
construction of IncRNA-mRNA regulatory networks elucidated regulatory
mechanisms governing gene expression in MDD and provided a frame-
work to consider the use of IncRNA expression in blood for diagnostic
screening (43).

In a promising step toward identifying exosomal IncRNAs as biomark-
ers for adolescent depression, a study enrolled a significant number of
adolescent subjects and used microarray assays to screen for differential
expressions of IncRNAs and mRNAs in plasma exosomes (44). By gener-
ating two sets of ceRNA networks comprising LlncRNAs, miRNAs, and mR-
NAs, the study delved into the intricate molecular interactions underlying
depression. The identification of candidate genes, including AC156455.1,
miR-126-5p, AAK1, CCDC18AS1, miR-6835-5p, and CCND2, from these
networks, highlighted potential targets for further investigation. Impor-
tantly, the differential expression of these genes between patients with
MDD and HCs, as well as before and after antidepressant treatment, sug-
gested their utility as diagnostic and therapeutic biomarkers. Of partic-
ular interest are the findings regarding the expression levels of genes,
such as AAK1, CCDC18AS1, and miR6835, which varied in efficacy follow-
ing sertraline treatment. This underscores the potential of these genes
asindicators of treatment response and highlights the importance of per-
sonalized medicine in managing MDD in the adolescent population. More-
over, identifying baseline expression levels of CCDC18AS1, miR-6835-5p,
and CCND2 as predictors of antidepressant efficacy is a significant ad-
vancementin the field. The proposed mediation of antidepressant efficacy
through the reduction of suicidal ideation and improvement of cognitive
function adds depth to our understanding of the mechanisms underlying
MDD and its treatment (44).

Another exosomal study sheds light on a potentially groundbreaking
avenue for diagnosing and understanding the long-term effects of repet-
itive mild traumatic brain injuries (rmTBI), particularly in military service
members following the screening of exosomal IncRNA from blood (45).
Identifying specific IncRNAs in serum samples, particularly those of cen-
tral nervous system (CNS) origin, opens up a new frontier in biomarker re-
search for neurological disorders. One of the key findings of this study is
the consistent presence of four IncRNAs in serum samples obtained from
individuals with and without rmTBI. Among these, VLDLR-AS1 emerged
as a significant candidate, with lower levels detected in individuals with
rmTBI than those without TBI history. This observation suggests the po-
tential role of VLDLR-AS1 as a biomarker for identifying chronic rmTBI.
The robustness of the findings is further supported by the ROC analysis,
which yielded an AUC of 0.74, indicating a reasonably high discrimina-
tory power of VLDLR-AS1 in distinguishing between individuals with and
without rmTBI. The identified optimal cutoff for VLDLR-AS1 levels pro-
vides a practical threshold for potential clinical applications. Moreover,
the study probesinto the association between IncRNAs and psychological
symptom burden, particularly depression, among individuals with rmTBI.
The correlation between VLDLR-AS1 and MALAT1 levels with symptoms
of depression underscores the potential utility of these IncRNAs as not
only diagnostic markers for rmTBI, but also as indicators of associated
psychiatric comorbidities. These findings have significant clinical implica-
tions. The ability to detect and monitor rmTBI using blood-based biomark-
ers offers a noninvasive and potentially cost-effective approach for early
diagnosis and intervention. Additionally, the identification of IncRNAs as-
sociated with psychiatric symptoms provides insight into the complex
interplay between neurological and psychological aspects of TBI seque-
lae. However, further research is warranted to validate these findings in

https://doi.org/10.61373/gp024i.0046
60f13


https://gp.genomicpress.com
https://doi.org/10.61373/gp024i.0046

gp.genomicpress.com

larger cohorts and diverse populations. Additionally, elucidating the func-
tional roles of the identified IncRNAs in the pathophysiology of rmTBI
and associated comorbidities would enhance our understanding and pave
the way for targeted therapeutic interventions. In summary, the study
highlights the promise of IncRNAs in extracellular vesicles (EVs), partic-
ularly VLDLR-AS1, as blood biomarkers for identifying chronic rmTBI and
associated psychiatric symptoms. Embracing such molecular approaches
holds the potential to revolutionize the diagnosis, prognosis, and man-
agement of neurological disorders, particularly those arising from trau-
matic brain injuries (45).

In conclusion, the exploration of IncRNAs in the context of MDD rep-
resents a promising avenue for understanding the multifaceted nature
of this debilitating disorder. The collective findings underscore the intri-
cate interplay between LncRNA dysregulation and MDD pathophysiology,
from genetic associations to functional implications in brain and treat-
ment response. Identifying IncRNAs as potential biomarkers for diagno-
sis, prognosis, and treatment response holds great promise for person-
alized psychiatry, offering new avenues for targeted interventions and
precision medicine approaches. However, further research is warranted to
validate these findings, elucidate underlying mechanisms, and translate
them into clinical practice, ultimately improving outcomes for individuals
affected by MDD.

LncRNAs and BD

BD is a complex psychiatric condition characterized by recurrent episodes
of mania and depression, posing significant challenges in diagnosis and
treatment (46). Despite extensive research, the precise molecular mech-
anisms underlying BD remain elusive. Recently, several studies have in-
vestigated the dysregulated expression of IncRNAs in patients with BD,
aiming to elucidate their potential as diagnostic biomarkers and thera-
peutic targets. Here, we provide a comprehensive overview of these find-
ings in BD, highlighting their involvement in diverse pathways and their
diagnostic utility.

The very first study in this series investigated the expression pat-
terns of six apoptosis-related IncRNAs in patients with BD compared to
healthy individuals, shedding light on their involvement in disease patho-
genesis and potential diagnostic utility (47). Notably, CCAT2, TUGL, and
PANDA were found to be upregulated in patients with BD, while OIP5-
AS1 was downregulated. Gender-specific differences in expression were
observed, with CCAT2 and TUG1 alterations exclusively in male patients
with BD, while PANDA in both male and female patients compared to
their respective control groups. Nonetheless, the study highlights the di-
agnostic potential of IncRNAs in BD, with TUG1 emerging as a promising
candidate biomarker and the combination of multiple IncRNA transcripts
significantly enhancing diagnostic accuracy. Understanding the func-
tional roles of dysregulated LncRNAs from this study could also offer in-
sightinto novel therapeutic strategies for BD, potentially targeting these
LncRNAs or their downstream effectors. However, several limitations were
noted in this study, including the small sample size and the need for val-
idation in independent cohorts. Future research directions may involve
exploring the functional significance of dysregulated lncRNAs using in
vitro and in vivo models, elucidating their interactions with other molecu-
lar pathways implicated in BD, and investigating their potential as thera-
peutic targets or biomarkersin larger, well-characterized patient cohorts.
Nevertheless, this study underscores the importance of apoptosis-related
LncRNAs in BD pathogenesis. It also highlights their potential as diagnos-
tic markers, calling for further research to validate their clinical relevance
and explore their therapeutic implications (47).

Emerging evidence suggests that IncRNAs could play a pivotal role in
key signaling pathways, such as the PI3K/AKT, implicated in BD (48). The
expression levels of PI3K/AKT pathway-related IncRNAs, namely TUG1,
GASS5, and FOXD3-AS1, were assessed in PBMC from 50 patients with BD
and 50 HCs (49). The results revealed significant expression downregu-
lation of FOXD3-AS1 and GASS in patients with BD compared to HCs. Im-
portantly, after adjusting for potential confounders, the results remained
statistically significant (g value < 0.0001). Furthermore, an analysis of
ROC indicated that GAS5 and FOXD3-AS1 had the potential to serve as
candidate diagnostic biomarkers for BD, as evidenced by their high AUC,
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specificity, and sensitivity. These findings suggest that the dysregulation
of FOXD3-AS1 and GAS5 may be associated with an increased risk of BD,
shedding light on potential molecular mechanisms underlying the disor-
der and offering opportunities for developing diagnostic tools. Overall,
the study underscores the importance of IncRNAs in BD pathogenesis and
highlights their potential as diagnostic biomarkers, calling for further re-
search to elucidate their functional roles and clinical implications in BD
management (48).

BD and panic disorder (PD) are chronic mood disorders that are of-
ten comorbid, suggesting a potentially shared genetic and pathophys-
iological background (49). A study examined the expression levels of
MALAT1, PANDA, GAS5, HOTAIR IncRNA, and miR-221-5p, which are highly
expressed in the CNS in drug-naive/drug-free patients with BD and PD.
Sixteen patients with a first diagnosis of type 1 or type 2 BD and 10 pa-
tients with PD were recruited, excluding those with medical or psychiatric
comorbidities. Peripheral venous blood was collected from patients and
HCs, with each patient receiving therapy. Serum ncRNA levels were mea-
sured before and after 5 months of therapy. The results revealed signif-
icant upregulation of MALAT-1, GAS-5, and miR-221-5p in patients with
BD after therapy, while all investigated ncRNAs were downregulated in
the PD group posttherapy. These findings provide novel insight into the
dysregulation of ncRNAs in BD and PD, suggesting their potential role as
biomarkers and therapeutic targets in these disorders (49).

In a separate study report, Illumina high-throughput sequencing was
employed to identify DE genes in patients with BD (50). Validation of DE-
RNAs was conducted using qRT-PCR in a first cohort comprising 50 BD
and 50 control subjects. Functional predictions of DE-RNAs were made
using GO and KEGG pathway analyses, along with IncRNA-mRNA coex-
pression and IncRNA-miRNA-mRNA competing ceRNA network analyses.
ROC analysis and logistic regression were employed to evaluate diag-
nostic performance in an additional testing group comprising 80 BD and
66 control subjects. A total of 576 significantly DE IncRNAs and 262
DE mRNAs were identified in patients with BD, and a ceRNA regula-
tory network comprising 95 IncRNA—miRNA-mRNA interactions was con-
structed. Analysis of the first cohort revealed differential expression of
six RNAs (NR_028138.1, TCONS_00018621, TCONS_00002186, TNF, PID1,
and SDK1) inthe BD group. NR_028138.1 emerged as a central elementin
BD transcriptional regulation and a potential biomarker, with a diagnostic
model showing high accuracy (area under the ROC 0.923, P < 0.004, 95%
Cl: 0.830-0.999). Verification in the second cohort demonstrated consis-
tent significant differences in NR_028138.1 (P < 0.0001). This study not
only constructed a ceRNA regulatory network but also proposed a hypoth-
esis for BD pathogenesis, with NR_028138.1 identified as a key element
involved in transcriptional regulation and a promising biomarker candi-
date (50).

In the next study, researchers investigated the expression levels
of three IncRNAs—LlincRNA-p21, lincRNA-ROR, and lincRNA-PINT in the
PBMC of patients with BD (n = 50) and healthy individuals (n = 50) (51).
Theresults showed that expression levels of all three IncRNAs were signif-
icantly reduced in patients with BD compared to controls. Interestingly, in
sex-based analyses, downregulation of these IncRNAs was observed only
in male patients with BD compared to male healthy subjects. Additionally,
in patients with BD, all three IncRNAs exhibited significant pairwise pos-
itive correlations in expression levels. The AUC values for lincRNA-p21,
lincRNA-ROR, and lincRNA-PINT were 0.66, 0.75, and 0.66, respectively,
indicating moderate diagnostic potential. Particularly, the ROC analysis
suggested that lincRNA-ROR might serve as a diagnostic biomarker for
distinguishing between patients with BD and controls. Overall, this study
proposes a role for lincRNA-p21, lincRNA-ROR, and lincRNA-PINT in the
pathogenesis of BD. Furthermore, the peripheral expression of these LncR-
NAs might be useful as potential biomarkers for BD (51).

The expression levels of MALAT1 and UCA1 LncRNAs have been evalu-
ated in PBMCs obtained from 50 bipolar patients and 50 HCs using real-
time PCR (52). Additional analyses focused on the ROC and correlation
analysis between the gene expression levels and some clinical features of
bipolar individuals. The results revealed a significant decline in MALAT1
expression levels in patients compared to controls, while no significant
difference was observed in the expression levels of UCA1 between the two
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groups. The ROC analysis showed that the AUC for MALAT1 was 0.80, sug-
gesting its potential as a diagnostic biomarker for BD. In conclusion, these
findings suggest that the expression level of MALAT1 could serve as a po-
tential diagnostic biomarker for BD; however, further research is needed
to validate these results and explore the underlying mechanismsinvolved
in the dysregulation of MALATL1 in this disorder (52).

Altogether, the emerging role of IncRNAs in BD pathogenesis of-
fers promising avenues for diagnostic and therapeutic advancements.
Through comprehensive analyses of IncRNA expression patterns, several
studies have identified potential biomarkers associated with BD, shed-
ding light on underlying molecular mechanisms. Dysregulated IncRNAs,
such as TUG1, GAS5, and FOXD3-AS1, have been implicated in critical
signaling pathways, including apoptosis and the PI3K/AKT pathway, pro-
viding insights into disease pathophysiology. Moreover, IncRNAs such as
NR_028138.1 and IFNG-AS1 have shown diagnostic potential, emphasiz-
ing their utility as candidate biomarkers for BD. However, further research
is needed to validate these findings in larger cohorts and elucidate the
functional significance of dysregulated LncRNAs in BD. Ultimately, unrav-
eling the complex interplay between IncRNAs and BD pathogenesis using
a blood-based screening strategy holds promise for developing personal-
ized diagnostic tools and targeted therapeutic interventions, ultimately
improving patient outcomes in this debilitating disorder.

IncRNAs and Posttraumatic Stress

Posttraumatic stress (PTSD) presents a complex array of symptoms, in-
cluding impaired fear extinction, excessive anxiety, and depression. In re-
cent years, ncRNAs, particularly IncRNAs, have garnered significant at-
tention as potential regulators of gene expression and key players in
PTSD with additional interest in exploring their potential as peripheral
biomarkers (53). One of the studies sets out to unravel the alterations
in IncRNAs and their coexpression with mRNAs in PTSD, aiming to iden-
tify biomarkers and elucidate pathways crucial to this disorder (54). Part
of the research strategy included gene expression profiles by down-
loading data from the GSE68077-Gene Expresssion Omnibus database.
Following GO, KEGG pathway enrichment, and protein—protein inter-
action network analysis, a IncRNAs-mRNAs coexpression network was
constructed, and core pair IncRNAs involved in PTSD were identified.
A total of 45 DE IncRNAs and 726 DE mRNAs were identified, with 17
IncRNAs and 86 mRNAs being inter-regulated. Most IncRNA-mRNA coex-
pression showed positive correlations, suggesting their potential roles in
PTSD. The coexpressed network highlighted the functional roles of LncR-
NAs, regulated mRNAs, and related pathways. Core pair network anal-
ysis revealed that IncRNA-NONMMUT010120.2 synergistically upregu-
lated Ppargcla and downregulated Cirl, Slc38a9, Atp6v0a2. Additionally,
IncRNA-NONMMUTO023440.2, NONMMUT034155.2, NONMMUT105407.1,
and NONMMUT149972.1 were coexpressed with 10 mRNAs, indicating
their involvement in regulating coexpressed mRNAs in PTSD. These find-
ings shed light on the potential mechanisms underlying PTSD and provide
insights into potential biomarkers and therapeutic targets for the disor-
der. Further validation and exploration of these findings are warranted to
better understand the pathophysiology of PTSD (54).

PTSD, often following a psychologically traumatic event, is charac-
terized by heightened inflammation, with individuals also experiencing
various comorbid clinical and behavioral disorders linked to chronic in-
flammation (55). In this connection, a study examined the role of large
intervening noncoding RNAs (lincRNAs) in regulating inflammation inin-
dividuals diagnosed with PTSD (56). The researchers noted an upregula-
tion of the WNT ligand, WNT10B, in PBMCs of patients with PTSD. This
upregulation was associated with higher H3K4me3 signals around the
WNT10B promoter in patients with PTSD compared to those without PTSD.
Theincreased H3K4me3 was attributed to LINC00926, which was found to
be upregulated in the PTSD subjects. Moreover, adding recombinant hu-
man WNT10B to preactivated PBMCs increased the expression of inflam-
matory genes such as IFNG and IL17A, suggesting WNT10B's involvement
in their upregulation. The data indicated that LINC0O0926 physically inter-
acts with MLL1, thereby regulating the expression of IFNG and IL17A via
WNT1O0B. This study presents the first evidence of a lincRNA regulating
the expression of WNT10B and subsequent inflammation. These findings
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hold significant relevance for understanding the disease mechanisms un-
derlying PTSD (56). Altogether, the study unveiled a network of IncRNA-
mediated dysregulated genes and pathways implicated in PTSD. Through
the identification of DE LlncRNAs and mRNAs, as well as their coexpression
patterns, the study highlighted potential biomarkers and therapeutic tar-
gets for PTSD. The synergistic regulation of key genes by core pair IncR-
NAs underscored the intricate interplay between noncoding RNAs and
protein-coding genes in modulating the pathophysiology of PTSD. These
findings not only enhance our understanding of the molecular mecha-
nisms underlying PTSD, but also hold promise for the development of per-
sonalized treatments tailored to address the unique molecular signatures
of individuals affected by this debilitating disorder.

Based on the reviewed literature thus far, we created a network plot
illustrating the convergence of MDD, BD, and suicidal behavior (SB) and
their interrelatedness regarding shared and unique LncRNAs detected in
the peripheral circulation (Figure 2). The network diagram represents the
relationships between IncRNAs and three different disorders: MDD, BD,
and SB, as indicated by the three central nodes differentiated by color.
Shared LncRNAs, connected to more than one disorder, suggest a role
in common pathogenic pathways or molecular mechanisms across these
conditions. Our analysis identifies ANRIL and HOTAIR as shared IncRNAs
between MDD and BD. HOTAIR, implicated in various cancers and dis-
orders, is connected to the MDD and BD nodes, highlighting its poten-
tial dual association. ANRIL, part of the INK4b-ARF-INK4a gene cluster
and associated with cardiovascular diseases (57), also links MDD and BD,
suggesting a shared role in disease pathogenesis. Additionally, six LncR-
NAs, including TCONS_00019174, ENST00000566208, NONHSAG045500,
ENST00000517573, NONHSAT034045, and NONHSAT142707, appear to
convergein the pathophysiology of MDD and SB. Unique associations were
also found: XIST, NEAT1, FEDORA, and PCAT1 were distinct to MDD, while
MEG3, PANDA, TUG1, and MALAT1 were solely linked to BD in our network.
This specificity highlights the potential for targeted therapeuticinterven-
tions and diagnostics. We have also presented some of the basic cellu-
lar functionality that can be the direct target of a few IncRNAs that we
found as part of biomarker discovery across the literature we searched to
construct this review. We have included ANRIL, GAS-5, HOTAIR, MALAT1,
NEAT1, RMRP, and XIST IncRNA transcript and their targeted gene onto-
logical (GO) functions regardless of disease states. The chord diagram
constructed in Figure 3 displays the interactions between all seven lncR-
NAs and various GO processes, each represented by a unique color. The
ribbons connect the IncRNAs with GO categories, indicating the strength
and frequency of their relationships, with thicker ribbons signifying more
substantial interactions. Overall, the plot suggests that some of the most
crucial and sensitive cellular functions—including nuclear body organiza-
tion, mitochondrial RNA processing, chromatin assembly, growth arrest,
and alternative splicing—could be compromised if any or all of the lncR-
NAs fail to perform at their optimum levels (58).

To conclude, the above studies, investigating dysregulated IncRNAs in
individuals with MDD and BD, support the hypothesis that IncRNAs may
play a crucial role in the pathophysiology of these disorders. Examining
LncRNA expression in peripheral blood samples and their functional roles
in mood-related behaviors and neurobiological processes offers valuable
insight into the mechanisms underlying MDD and BD. Findings indicate
that identifying dysregulated IncRNAs in individuals with mood disor-
ders may serve as reliable diagnostic biomarkers. Additionally, IncRNAs
may also serve as biomarkers for treatment response. Altogether, these
findings underscore the importance of further research into the regu-
latory role of IncRNAs in mood disorders and their implications in clini-
cal practice. Utilizing IncRNAs as biomarkers could lead to early disease
prognosis and improved treatment management for individuals with MDD
and BD.

Future Directions

Future directions in studying IncRNAs as circulatory biomarkers in mood
disorders hold considerable promise for advancing diagnostic and thera-
peutic approaches; however, several challenges remain (59). Firstly, fur-
ther research is needed to elucidate the specific IncRNA signatures as-
sociated with different subtypes and stages of mood disorders, including
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Figure 2. The network plotillustrates the interconnectedness of three distinct mood disorders (major depressive disorder: MDD, bipolar disorder: BD, and suicidal
behavior: SB) based on shared IncRNA profiles detected in the peripheral circulation. Each node represents a specific IncRNA, and edges between nodes indicate
significant associations between them and disorders across the analyzed studies. Node color and shape correspond to different mood disorders, facilitating

visualization and interpretation of the findings.

BD and depression (60, 61). This would involve large-scale, multicenter
studies to validate the diagnostic utility of IncRNA biomarkers and es-
tablish their prognostic value in predicting treatment response and dis-
ease progression (62). Additionally, longitudinal studies are essential to
investigate dynamic changes in circulating LncRNA levels over time and
their correlation with clinical outcomes (62).

Regarding clinical translation, developing minimally invasive meth-
ods for detecting circulating IncRNAs, such as liquid biopsy assays, holds
great potential for routine clinical use (63). Standardization of sam-
ple collection, storage, and processing protocols is crucial to ensure re-
producibility and reliability of biomarker assays (64). Additionally, col-
laboration between researchers, clinicians, and industry stakeholders is
essential to accelerate the translation of research findings into clinically
actionable tools and therapies for personalized medicine approaches in
mood disorders. Overall, the future outlook for studying IncRNAs as cir-
culatory biomarkers in mood disorders is promising, with the potential
to revolutionize diagnostic and therapeutic strategies, improve patient
outcomes, and advance our understanding of the biological underpin-
nings of these complex psychiatric conditions (65, 66). However, the po-
tential of EVs, including exosomes, as a tool to study LncRNAs as cir-
culating biomarkers in MDD and BDs is particularly assuring (67). EVs,
including exosomes, are membranous vesicles released by various cell
types into the extracellular space, carrying a cargo of proteins, lipids,
and nucleic acids, including IncRNAs (68). These EVs can traverse biolog-
ical barriers, such as the blood-brain barrier, allowing for the exchange
of molecular information between different cell types and tissues (69).
Utilizing EVs as carriers of IncRNAs offers several advantages for study-
ing circulating biomarkers in mood disorders. Firstly, EVs protect lncR-
NAs from degradation by RNases, preserving their stability in circulation
and enhancing their detection sensitivity (68). Additionally, EVs provide
a means for cell-to-cell communication, facilitating the transfer of IncR-
NAs between neurons, glial cells, and peripheral tissues, thereby reflect-
ing the pathophysiological changes occurring in the disease process (68,
70). Furthermore, EVs can be isolated from various biological fluids, in-
cluding blood, cerebrospinal fluid, and saliva, offering a minimally in-
vasive and easily accessible source for biomarker analysis (71). In mood
disorders, EV-associated IncRNAs hold potential as diagnostic and prog-
nostic biomarkers, reflecting disease-specific alterations in cellular sig-
naling pathways and neural circuits (72, 73). Moreover, the analysis of
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EV-IncRNAs may provide insights into disease mechanisms and treat-
ment response, guiding the development of personalized therapeutic
interventions.

One innovative approach in IncRNA-based biomarker discovery for
MDD and BD involves the integration of cutting-edge technologies and
multidimensional data analysis methods (74). This approach leverages
advances in genomics, transcriptomics, proteomics, and metabolomics to
comprehensively characterize the molecular landscape of mood disorders
and identify novel biomarkers with diagnostic and prognostic utility (75).
One aspect of this approach is the use of multiomics profiling techniques
to generate high-dimensional datasets from diverse biological samples,
including brain tissues, blood, and cerebrospinal fluid (76). Integrative
analysis of these multiomics datasets allows for identifying dysregulated
pathways and networks underlying mood disorders, including the involve-
ment of IncRNAs in gene regulatory networks (77, 78). Furthermore, in-
tegrating machine learning and artificial intelligence algorithms can en-
able the mining of complex multiomics data to identify robust biomarker
signatures associated with mood disorders (79, 80). Combining informa-
tion from multiple molecular layers, including LncRNA expression profiles,
genetic variants, protein abundance, and metabolic profiles, these algo-
rithms can uncover subtle patterns and associations that may not be evi-
dent through traditional statistical methods.

Another innovative approach involves the exploration of wearable
biosensors and digital health technologies (81). These technologies of-
fer the potential to continuously monitor physiological and behavioral
parameters in real-time, providing valuable insights into the dynamic
changes associated with mood disorders and facilitating the identifica-
tion of IncRNA biomarkers correlated with disease states (82). This may
involve the integration of wearable biosensors such as smartwatches or
fitness trackers, with mobile health applications designed to capture var-
ious biometric data, including heart rate variability, sleep patterns, physi-
cal activity levels, and mood fluctuations (83). These devices can passively
collect data from individuals with mood disorders in their naturalistic en-
vironments, offering a holistic view of their daily activities and physiolog-
ical responses. By incorporating IncRNA expression profiling into these
digital health platforms, researchers can correlate changes in circulating
LncRNA levels with fluctuations in mood and behavioral patterns observed
in individuals with MDD and BD (84). For example, wearable biosensors
can detect changes in physiological parameters associated with stress or
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Figure 3. The chord diagram displays the interactions between a specific set of IncRNAs and various GO processes, each represented by a unique color. The
ribbons connect the IncRNAs with GO categories, indicating the strength and frequency of their relationships, with thicker ribbons signifying more substantial
interactions. This visualization helps highlight the interconnectedness of several important IncRNAs with prominent BP controlling many aspects of cellular

functionality.

mood dysregulation, while concurrent analysis of circulating LncRNAs can
identify molecular signaturesindicative of disease states or treatment re-
sponses. By leveraging advanced data analytics techniques, researchers
can uncover novel associations between circulating IncRNAs and behav-
ioral phenotypes, facilitating early detection and intervention strategies
(84). Overall, the integration of wearable biosensors and digital health
technologies with IncRNA-based biomarker discovery offers an innova-
tive approach to advancing diagnostic and therapeutic strategies in mood
disorders (85). By combining continuous monitoring of physiological and
behavioral parameters with molecular profiling of circulating IncRNAs,
researchers can develop personalized diagnostic tools and interventions
tailored to individual patient's needs, ultimately improving outcomes and
quality of life for individuals with MDD and BD.

Exploring IncRNAs as circulatory biomarkers in mood disorders holds
immense potential for improving diagnostics and treatments. Address-
ing current challenges, with a focus on identifying mood disorder-specific
LncRNA signatures, conducting large-scale multicenter and longitudinal
studies, and developing minimally invasive detection methods will en-
hance the understanding and management of mood disorders and will
pave the way for personalized medicine. We propose the following rec-
ommendations for future studies.

Identifying Specific IncRNA Signatures
Future research should aim to identify IncRNA signatures specific to
different subtypes and stages of mood disorders through large-scale,
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multicenter cohort studies. Techniques like single-cell RNA sequencing
can capture cellular-level heterogeneity of IncRNA expression, revealing
patterns specific to BD and depression.

Large-scale, Multicenter Studies

Establishing international consortia to conduct large-scale, multicenter
studies will ensure diverse sample sizes and standardized protocols. This
approach will help validate IncRNA biomarkers' diagnostic and prognostic
utility, ensuring consistency and reproducibility across different research
centers.

Longitudinal Studies

Itis crucial to design longitudinal studies with frequent sampling to mon-
itor dynamic changes in circulating LncRNA levels over time. By collecting
comprehensive clinical data alongside IncRNA profiling, researchers can
correlate these changes with treatment responses and clinical outcomes,
using advanced statistical models to analyze these relationships.

Minimally Invasive Detection Methods

Developing liquid biopsy assays to detect specific IncRNAs using accessi-
ble biological fluids with high sensitivity and specificity is essential. Inno-
vations in point-of-care testing devices will enable rapid measurement of
circulating IncRNAs in clinical settings. Standardizing protocols for sam-
ple collection, storage, and processing will ensure the reliability of these
methods.
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Clinical Translation and Collaboration

Forging partnerships with biotech and pharmaceutical companies to
commercialize IncRNA-based diagnostic kits is a critical step. Engag-
ing regulatory bodies will help navigate approval pathways and ensure
compliance with clinical and safety standards.

Conclusion

As mentioned above, by focusing on detailed methodologies and collabo-
rative efforts, researchers can significantly advance the study of LlncRNAs
as circulatory biomarkers in mood disorders. These advancements will im-
prove diagnostic and therapeutic approaches, enhance study outcomes,
and deepen our understanding of these complex psychiatric conditions.
To identify biomarkers linked to mood and behavioral patterns, we pro-
pose combining existing data with LncRNA profiling and using advanced
analytics to uncover associations that facilitate early detection and per-
sonalized interventions. Advanced bioinformatics techniques, such as ma-
chine learning models, can integrate multiomics data to predict dis-
ease states and treatment responses based on LncRNA profiles. Creating
predictive models that combine IncRNA expression with clinical and
demographic data will also help identify high-risk individuals. For ex-
perimental validation, functional studies using CRISPR-Cas9 technol-
ogy are necessary to elucidate the roles of candidate LncRNAs. Imple-
menting clinical trials to test IncRNA-based interventions will validate
these biomarkers for clinical use and enhance diagnostic and thera-
peutic strategies. These targeted directions will significantly advance
the study of IncRNAs as circulatory biomarkers in mood disorders, im-
proving diagnostic and therapeutic approaches, enhancing patient out-
comes, and deepening our understanding of these complex psychiatric
conditions.

Glossary

Epigenetic plasticity: Epigenetic plasticity refers to the ability of an or-
ganism's epigenome to adapt and change in response to environmental
factors, thereby influencing gene expression without altering the under-
lying DNA sequence.

Exon: Coding segment of DNA that can transcribe into RNA to participate
in protein translation.

Central dogma: This outlines the process in which DNA codes for RNA and
RNA translated into protein.

Synaptogenesis: Formation of synapses during the development of ner-
vous system.

Neurites: Neurite is a type of projections extending out from neuronal cell
body.

Neural plasticity: A process that causes brain to adapt functionally and
structurally.

Peripheral biomarkers: Circulating biomolecule which are found in blood,
other body fluids and tissue that reflects pathological and physiological
state of the body.

Intergenic IncRNA: IncRNA transcribed from the stretch of DNA se-
quences that present between the genes.

Gene ontology: Gene Ontology (GO) categorizes gene products by bio-
logical processes, cellular components, and molecular functions, aiding
standardized functional annotations across organisms for systematic bi-
ological analysis.

PBMC: Blood cells having single round nucleus called PBMC. These in-
cludes lymphocytes, macrophages, monocytes and dendritic cells.

Microarray: It is a high throughput gene expression profiling platform
with an ability to detect several thousand genes simultaneously.

Alternative splicing: Alternative splicing is a mechanism that allows pre-
mRNA to be cut and rearranged in various combinations, resulting in the
production of multiple mRNA isoforms. This process enhances protein di-
versity within cells.

Exosomes: In various pathophysiological processes, cells release small
vesicles called exosomes, which play roles in cell-to-cell communication.

Thought Leaders Invited Review
Roy et al.

GENOMIC PSYCHIATRY
Genomic Press

Extracellular vesicles (EVs): A heterogenous group of small lipid bound
vesicles, serving as an important facilitator of various pathophysiological
processes.

Glial cells: A type of non-neuronal cells that provide chemical and physi-
cal support to neurons.

Cerebrospinal fluid: It is a plasma contained ultrafiltrate fluid that flows
around the subarachnoid spaces of spinal cord and brain.

Declaration of Possible Conflicts of Interests
All contributors have confirmed that no conflict of interest exits.

Author Contributions

Conceptualization: Y.D. Co-written: A.K.V., B.R., E.M.H., and Y.D. Funding ac-
quisition: Y.D. Review and editing: Y.D. All authors have read and agreed
to publish the current version of the manuscript.

Funding Sources

This work was supported by grants from the National Institute of Mental
Health (RO1MH130539, RO1MH124248, RO1IMH118884, RO1MH128994,
RO1MH107183), to Y.D.

References
1. Price JL, Drevets WC. Neural circuits underlying the pathophysiology of mood
disorders. Trends Cogn Sci. 2012;16(1):61-71. DOI: 10.1016/j.nurx.2005.12.
009. PMID: 16490411; PMCID: PMC3593361
2. Kessler RC, Chiu WT, Demler O, Merikangas KR, Walters EE. Prevalence, sever-
ity, and comorbidity of 12-month DSM-IV disorders in the National Comorbid-
ity Survey Replication. Arch Gen Psychiatry. 2005;62(6):617-27. DOI: 10.1001/
archpsyc.62.6.617. PMID: 15939839; PMCID: PM(C284735
3. Merikangas KR, He JP, Burstein M, Swanson SA, Avenevoli S, CuiL, et al. Lifetime
prevalence of mental disordersin U.S. adolescents: results from the National Co-
morbidity Survey Replication-Adolescent Supplement (NCS-A). J Am Acad Child
Adolesc Psychiatry. 2010;49(10):980-9. DOI: 10.1016/j.jaac.2010.05.017. PMID:
20855043; PMCID: PM(C2946114
4. Loftus J, Scott J, Vorspan F, Icick R, Henry C, Gard S, et al. Psychiatric comorbidi-
ties in bipolar disorders: an examination of the prevalence and chronology of
onset according to sex and bipolar subtype. J Affect Disord. 2020;267:258-63.
DOI: 10.1016/j.jad.2020.02.035. PMID: 32217226
5. Santomauro DF, Herrera AMM, Shadid J, Zheng P, Ashbaugh C, Pigott DM, et al.
Global prevalence and burden of depressive and anxiety disorders in 204 coun-
tries and territories in 2020 due to the COVID-19 pandemic. Lancet North Am
Ed. 2021;398(10312):1700-12. DOI: 10.1016/S0140-6736(21)02143-7. PMID:
34634250; PMCID: PMC8500697
6. Hasin DS, Sarvet AL, Meyers JL, Saha TD, Ruan WJ, Stohl M, et al. Epidemiology
of adult DSM-5 major depressive disorder and its specifiers in the United States.
JAMA Psychiatry. 2018;75(4):336-46. DOI: 10.1001/jamapsychiatry.2017.4602.
PMID: 29450462; PMCID: PMC5875313
7. Dome P, Rihmer Z, Gonda X. Suicide risk in bipolar disorder: a brief review.
Medicina (Kaunas). 2019;55(8):403. DOI: 10.3390/medicina55080403. PMID:
31344941; PMCID: PM(C6723289
8. CaiH, Xie XM, Zhang Q, Cui X, Lin JX, Sim K, et al. Prevalence of suicidality in ma-
jor depressive disorder: a systematic review and meta-analysis of comparative
studies. Front Psychiatry. 2021;12:690130. DOI: 10.3389/fpsyt.2021.690130.
PMID: 34603096; PMCID: PM(C8481605
9. McGowan PO, Kato T. Epigenetics in mood disorders. Environ Health Prev Med.
2008;13(1):16-24. DOI: 10.1007/s12199-007-0002-0. PMID: 19568875; PM-
CID: PM(C2698240
10. Bonacina G, Carollo A, Esposito G. The genetic side of the mood: a scientomet-
ric review of the genetic basis of mood disorders. Genes. 2023;14(2):352. DOI:
10.3390/genes14020352. PMID: 36833279; PMCID: PM(C9956267
11. Marcolongo-Pereira C, Castro FCdAQ, Barcelos RM, Chiepe KCMB, Rossoni Junior
JV, Ambrosio RP, et al. Neurobiological mechanisms of mood disorders: Stress
vulnerability and resilience. Front Behav Neurosci. 2022;16:1006836. DOI:
10.3389/fnbeh.2022.1006836. PMID: 36386785; PMCID: PMC9650072
12. Bristot G, De Bastiani MA, Pfaffenseller B, Kapczinski F, Kauer-Sant'Anna M. Gene
regulatory network of dorsolateral prefrontal cortex: a master regulator anal-
ysis of major psychiatric disorders. Mol Neurobiol. 2020;57(3):1305-16. DOI:
10.1007/s12035-019-01815-2. PMID: 31728928
13. Mokhtari A, Porte B, Belzeaux R, Etain B, Ibrahim EC, Marie-Claire C, et al.
The molecular pathophysiology of mood disorders: from the analysis of sin-
gle molecular layers to multi-omic integration. Prog Neuropsychopharmacol
Biol Psychiatry. 2022;116:110520. DOI: 10.1016/j.pnpbp.2022.110520. PMID:
35104608

https://doi.org/10.61373/gp024i.0046
110f 13


https://gp.genomicpress.com
https://doi.org/10.1016/j.nurx.2005.12.009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3593361
https://doi.org/10.1001/archpsyc.62.6.617
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC284735
https://doi.org/10.1016/j.jaac.2010.05.017
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2946114
https://doi.org/10.1016/j.jad.2020.02.035
https://doi.org/10.1016/S0140-6736(21)02143-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8500697
https://doi.org/10.1001/jamapsychiatry.2017.4602
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5875313
https://doi.org/10.3390/medicina55080403
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6723289
https://doi.org/10.3389/fpsyt.2021.690130
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8481605
https://doi.org/10.1007/s12199-007-0002-0
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2698240
https://doi.org/10.3390/genes14020352
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9956267
https://doi.org/10.3389/fnbeh.2022.1006836
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9650072
https://doi.org/10.1007/s12035-019-01815-2
https://doi.org/10.1016/j.pnpbp.2022.110520
https://doi.org/10.61373/gp024i.0046

gp.genomicpress.com

14. Todeva-Radneva A, Aryutova K, Kandilarova S, Paunova R, Stoyanov D. The trans- 35. Liu Z, Li X, Sun N, Xu Y, Meng Y, Yang C, et al. Microarray profiling and co-
lational potential of non-coding RNAs and multimodal MRI data sets as diag- expression network analysis of circulating IncRNAs and mRNAs associated with
nostic and differential diagnostic biomarkers for mood disorders. Curr Top Med major depressive disorder. PLoS One. 2014;9(3):e93388. DOI: 10.1371/journal.
Chem. 2021;21(11):949-63. DOI: 10.2174/1568026621666210521144534. pone.0093388. PMID: 24676134; PMCID: PM(C3968145
PMID: 34355686 36. WangY, WeiJ, ChenT, Yang X, Zhao L, Wang M, et al. Awhole transcriptome anal-

15. Huang X, Luo YL, Mao YS, Ji JL. The link between long noncoding RNAs and ysis in peripheral blood suggests that energy metabolism and inflammation are
depression. Prog Neuropsychopharmacol Biol Psychiatry. 2017;73:73-8. DOI: involved in major depressive disorder. Front Psychiatry. 2022;13:907034. DOI:
10.1016/j.pnpbp.2016.06.004. PMID: 27318257 10.3389/fpsyt.2022.907034. PMID: 35633815; PMCID: PM(C9136012

16. Maloum Z, Taheri M, Ghafouri-Fard S, Shirvani-Farsani Z. Significant reduc- 37. Cui X, Niu W, Kong L, He M, Jiang K, Chen S, et al. Long noncoding RNAs:
tion of long non-coding RNAs expression in bipolar disorder. BMC Psychiatry. new evidence for overlapped pathogenesis between major depressive disor-
2022;22(1):256.DO0I: 10.1186/512888-022-03899-y. PMID: 35410190; PMCID: der and generalized anxiety disorder. Indian J Psychiatry. 2017;59(1):83-7.
PM(C9004165 DOI: 10.4103/psychiatry.IndianJPsychiatry_219_16. PMID: 28529365; PMCID:

17. Kadakkuzha BM, Liu XA, McCrate J, Shankar G, Rizzo V, Afinogenova A, et al. PM(C5419018
Transcriptome analyses of adult mouse brain reveal enrichment of LncRNAs in 38. He M, Zhu X, Niu W, Kong L, Yao G, Zhang L. Bioinformatics analysis of altered
specific brain regions and neuronal populations. Front Cell Neurosci. 2015;9:63. LncRNAs in peripheral blood molecular cells from major depressive disorder
DOI: 10.3389/fncel.2015.00063. PMID: 25798087; PMCID: PMC4351618 (MDD) patients. Int J Blood Res Discord. 2018;5:034.

18. Mattick 1S, Amaral PP, Carninci P, Carpenter S, Chang HY, Chen L-L, et al. 39. Seki T, Yamagata H, Uchida S, Chen C, Kobayashi A, Kobayashi M, et al. Altered
Long non-coding RNAs: definitions, functions, challenges and recommenda- expression of long noncoding RNAs in patients with major depressive disorder.
tions. Nat Rev Mol Cell Biol. 2023;24(6):430-47. DOI: 10.1038/s41580-022- J Psychiatr Res. 2019;117:92-9. DOI: 10.1016/j.jpsychires.2019.07.004. PMID:
00566-8. PMID: 36596869; PMCID: PMC10213152 31351391

19. Statello L, Guo C-J, Chen L-L, Huarte M. Gene regulation by long non-coding  40. Liang P, Sun Y, Li Y, Liang Y. Association between single nucleotide polymor-
RNAs and its biological functions. Nat Rev Mol Cell Biol. 2021;22(2):96-118. DOI: phisms within IncRNA NONHSAT102891 and depression susceptibility in a Chi-
10.1038/s41580-020-00315-9. PMID: 33353982; PMCID: PMC7754182 nese population. Neuropsychiatr Dis Treat. 2023;19:293-302. DOI: 10.2147/

20. Kashi K, Henderson L, Bonetti A, Carninci P. Discovery and functional anal- NDT.S393498. PMID: 36761396; PMCID: PM(C9902440
ysis of IncRNAs: methodologies to investigate an uncharacterized transcrip-  41. Wang L, Zhang M, Zhu H, Sun L, Yu B, Cui X. Combined identification of LlncRNA
tome. Biochim Biophys Acta. 2016;1859(1):3-15. DOI: 10.1016/j.bbagrm.2015. NONHSAGO004550 and NONHSAT125420 as a potential diagnostic biomarker of
10.010. PMID: 26477492 perinatal depression. J Clin Lab Anal. 2021;35(8):e23890. DOI: 10.1002/jcla.

21. Ruffo P, De Amicis F, Giardina E, Conforti FL. Long-noncoding RNAs as epigenetic 23890. PMID: 34263944; PMCID: PM(C8373316
regulatorsin neurodegenerative diseases. Neural Regen Res. 2023;18(6):1243-  42. Namvar A, Kahaei MS, Fallah H, Nicknafs F, Ghafouri-Fard S, Taheri M.
8.D0I: 10.4103/1673-5374.358615. PMID: 36453400; PMCID: PM(C9838156 ANRIL variants are associated with risk of neuropsychiatric conditions. J

22. Kornienko AE, Guenzl PM, Barlow DP, Pauler FM. Gene regulation by the act Mol Neurosci. 2020;70(2):212-8. DOI: 10.1007/s12031-019-01447-0. PMID:
of long non-coding RNA transcription. BMC Biol. 2013;11(1):59. DOI: 10.4103/ 31773399
1673-5374.358615. PMID: 36453400; PMCID: PM(C9838156 43. AnT, Zhang J, MaYY, Lian J, Wu YX, Lv BH, et al. Relationships of non-coding RNA

23. Zimmer-Bensch G. Emerging roles of long non-coding RNAs as drivers of with diabetes and depression. Sci Rep.2019;9(1):10707. DOI: 10.1038/s41598-
brain evolution. Cells. 2019;8(11):1399. DOI: 10.3390/cells8111399. PMID: 019-47077-9. PMID: 31341180; PMCID: PMC6656886
31698782; PMCID: PM(C6912723 44. XuY,Du X, Zhang R, Huang Y, Gao Y, Wen Y, et al. Aberrant plasma exosomal de-

24. Srinivas T, Mathias C, Oliveira-Mateos C, Guil S. Roles of IncRNAs in brain de- rived ceRNA networks as diagnosis biomarkers for adolescent major depressive
velopment and pathogenesis: emerging therapeutic opportunities. Mol Ther. disorder and its potential prediction for antidepressant; 2023.
2023;31(6):1550-61. DOI: 10.1016/j.ymthe.2023.02.008. PMID: 36793211; 45. Patel RS, Krause-Hauch M, Kenney K, Miles S, Nakase-Richardson R, Patel NA.
PMCID: PMC10277896 Long noncoding RNA VLDLR-AS1 levels in serum correlate with combat-related

25. Quan Z, Zheng D, Qing H. Regulatory roles of long non-coding RNAs in the cen- chronic mild traumatic brain injury and depression symptoms in US veterans.
tral nervous system and associated neurodegenerative diseases. Front Cell Neu- Int J Mol Sci. 2024;25(3):1473. DOI: 10.3390/ijms25031473. PMID: 38338752;
rosci. 2017;11:175. DOI: 10.3389/fncel.2017.00175. PMID: 28713244; PMCID: PMCID: PMC10855201
PM(C5491930 46. Grande |, Berk M, Birmaher B, Vieta E. Bipolar disorder. Lancet North Am

26. Roberts TC, Morris KV, Wood MJ. The role of long non-coding RNAs in neurode- Ed. 2016;387(10027):1561-72. DOI: 10.1016/50140-6736(15)00241-X. PMID:
velopment, brain function and neurological disease. Philos Trans R Soc Lond 26388529
B Biol Sci. 2014;369(1652):20130507. DOI: 10.1098/rsth.2013.0507. PMID: 47. Sayad A, Taheri M, Omrani MD, Fallah H, Oskooei VK, Ghafouri-Fard S. Periph-
25135968; PMCID: PM(C4142028 eral expression of long non-coding RNAs in bipolar patients. J Affect Disord.

27. Liu SJ, Nowakowski TJ, Pollen AA, Lui JH, Horlbeck MA, Attenello FJ, et al. 2019;249:169-74. DOI: 10.1016/j.jad.2019.02.034. PMID: 30772744
Single-cell analysis of long non-coding RNAs in the developing human neo-  48. Zamani B, Mehrab Mohseni M, Naghavi Gargari B, Taheri M, Sayad A, Shirvani-
cortex. Genome Biol. 2016;17(1):67. DOI: 10.1186/s13059-016-0932-1. PMID: Farsani Z. Reduction of GAS5 and FOXD3-AS1 long non-coding RNAs in patients
27081004; PMCID: PMC4831157 with bipolar disorder. Sci Rep. 2023;13(1):13870. DOI: 10.1038/s41598-023-

28. Jovcevska |, Videti¢ Paska A. Neuroepigenetics of psychiatric disorders: focus on 41135-z. PMID: 37620425; PMCID: PMC10449891
IncRNA. Neurochem Int.2021;149:105140.D0I: 10.1016/j.neuint.2021.105140.  49. Bella F, Muscatello MRA, D'Ascola A, Campo S. Gene expression analysis
PMID: 34298078 of nc-RNAs in bipolar and panic disorders: a pilot study. Genes (Basel).

29. Lin J, Wen Y, Tang J, Zhang X, Zhang H, Zhu H. Human-specific IncRNAs con- 2023;14(9):1778. DOI: 10.3390/genes14091778. PMID: 37761918; PMCID:
tributed critically to human evolution by distinctly regulating gene expression. PMC10530917
Cold Spring Harbor Laboratory. 2023. 50. He L, Zou P, Sun W, Fu Y, He W, Li J. Identification of IncRNA NR_028138.1

30. Cui X, Sun X, Niu W, Kong L, He M, Zhong A, et al. Long non-coding RNA: poten- as a biomarker and construction of a ceRNA network for bipolar disorder. Sci
tial diagnostic and therapeutic biomarker for major depressive disorder. Med Sci Rep.2021;11(1):15653. DOI: 10.1038/s41598-021-94122-7. PMID: 34341362;
Monit. 2016;22:5240-8. DOI: 10.12659/msm.899372. PMID: 28039689; PMCID: PMCID: PM(C8329146
PM(C5221417 51. Maloum Z, Ramezani S, Taheri M, Ghafouri-Fard S, Shirvani-Farsani Z. Down-

31. YeN,Rao S, DuT, HuH,Liuz ShenY, etal. Intergenic variants may predispose to regulation of long non-coding RNAs in patients with bipolar disorder. Sci Rep.
major depression disorder through regulation of long non-coding RNA expres- 2022;12(1):7479. DOI: 10.1038/s41598-022-11674-y. PMID: 35523833; PM-
sion. Gene. 2017;601:21-6. DOI: 10.1016/j.gene.2016.11.041. PMID: 27940106 CID: PM(C9076844

32. World Health Organization. Suicide: fact sheets. 28th August 2023; 2023. 52. Shirvani Farsani Z, Zahirodin A, Ghaderian SMH, Shams J, Naghavi Gargari B.

33. Cui X, NiuW, Kong L, He M, Jiang K, Chen S, et al. Long noncoding RNA expression The role of long non-coding RNA MALAT1 in patients with bipolar disorder.
in peripheral blood mononuclear cells and suicide risk in Chinese patients with Metab Brain Dis. 2020;35(7):1077-83. DOI: 10.1007/s11011-020-00580-9.
major depressive disorder. Brain Behav. 2017;7(6):e00711. DOI: 10.1002/brb3. PMID: 32458337
711. PMID: 28638716; PMCID: PMC5474714 53. Rusch HL, Robinson J, Yun S, Osier ND, Martin C, Brewin CR, et al. Gene ex-

34. Issler O, van der Zee YY, Ramakrishnan A, Xia S, Zinsmaier AK, Tan C, et al. The pression differences in PTSD are uniquely related to the intrusion symptom
long noncoding RNA FEDORA is a cell type- and sex-specific regulator of de- cluster: a transcriptome-wide analysis in military service members. Brain Be-
pression. Sci Adv. 2022;8(48):eabn9494. DOI: 10.1126/sciadv.abn9494. PMID: hav Immun. 2019;80:904-8. DOI: 10.1016/j.bbi.2019.04.039. PMID: 31039430;
36449610; PMCID: PMC9710883 PMCID: PMC6752960

Thought Leaders Invited Review GENOMIC PSYCHIATRY https://doi.org/10.61373/gp024i.0046

Roy et al.

Genomic Press

120f 13


https://gp.genomicpress.com
https://doi.org/10.2174/1568026621666210521144534
https://doi.org/10.1016/j.pnpbp.2016.06.004
https://doi.org/10.1186/s12888-022-03899-y
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9004165
https://doi.org/10.3389/fncel.2015.00063
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4351618
https://doi.org/10.1038/s41580-022-00566-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10213152
https://doi.org/10.1038/s41580-020-00315-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7754182
https://doi.org/10.1016/j.bbagrm.2015.10.010
https://doi.org/10.4103/1673-5374.358615
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9838156
https://doi.org/10.4103/1673-5374.358615
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9838156
https://doi.org/10.3390/cells8111399
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6912723
https://doi.org/10.1016/j.ymthe.2023.02.008
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10277896
https://doi.org/10.3389/fncel.2017.00175
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5491930
https://doi.org/10.1098/rstb.2013.0507
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4142028
https://doi.org/10.1186/s13059-016-0932-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4831157
https://doi.org/10.1016/j.neuint.2021.105140
https://doi.org/10.12659/msm.899372
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5221417
https://doi.org/10.1016/j.gene.2016.11.041
https://doi.org/10.1002/brb3.711
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5474714
https://doi.org/10.1126/sciadv.abn9494
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9710883
https://doi.org/10.1371/journal.pone.0093388
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3968145
https://doi.org/10.3389/fpsyt.2022.907034
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9136012
https://doi.org/10.4103/psychiatry.IndianJPsychiatry_219_16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5419018
https://doi.org/10.1016/j.jpsychires.2019.07.004
https://doi.org/10.2147/NDT.S393498
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9902440
https://doi.org/10.1002/jcla.23890
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8373316
https://doi.org/10.1007/s12031-019-01447-0
https://doi.org/10.1038/s41598-019-47077-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6656886
https://doi.org/10.3390/ijms25031473
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10855201
https://doi.org/10.1016/S0140-6736(15)00241-X
https://doi.org/10.1016/j.jad.2019.02.034
https://doi.org/10.1038/s41598-023-41135-z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10449891
https://doi.org/10.3390/genes14091778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10530917
https://doi.org/10.1038/s41598-021-94122-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8329146
https://doi.org/10.1038/s41598-022-11674-y
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9076844
https://doi.org/10.1007/s11011-020-00580-9
https://doi.org/10.1016/j.bbi.2019.04.039
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6752960
https://doi.org/10.61373/gp024i.0046

gp.genomicpress.com

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Thought Leaders Invited Review
Roy et al.

Bian YY, Yang L, Wang Z, Li W, Wang Q, Zhang B, et al. Integrated analysis pro-
files of long non-coding RNAs reveal potential biomarkers across brain regions
in post-traumatic stress disorder. Research Square; 2020.

SunY, QuY, Zhu J. The relationship between inflammation and post-traumatic
stress disorder. Front Psychiatry. 2021;12:707543. DOI: 10.3389/fpsyt.2021.
707543. PMID: 34456764; PMCID: PM(C8385235

Bam M, Yang X, Ginsberg JP, Aiello AE, Uddin M, Galea S, et al. Long non-
coding RNA LINC00926 regulates WNT10B signaling pathway thereby altering
inflammatory gene expression in PTSD. Transl Psychiatry. 2022;12(1):200. DOI:
10.1038/s41398-022-01971-5. PMID: 35551428; PMCID: PM(C9098154

Zhang C, Ge S, Gong W, Xu J, Guo Z, Liu Z, et al. LncRNA ANRIL acts as a modular
scaffold of WDR5 and HDAC3 complexes and promotes alteration of the vascular
smooth muscle cell phenotype. Cell Death Dis. 2020;11(6):435. DOI: 10.1038/
s41419-020-2645-3. PMID: 32513988; PMCID: PM(C7280314

Aliperti V, Skonieczna ], Cerase A. Long non-coding RNA (LncRNA) roles
in cell biology, neurodevelopment and neurological disorders. Noncoding
RNA. 2021;7(2):36. DOI: 10.3390/ncrna7020036. PMID: 34204536; PMCID:
PM(C8293397

Sanchez Y, Huarte M. Long non-coding RNAs: challenges for diagnosis and ther-
apies. Nucleic Acid Ther. 2013;23(1):15-20. DOI: 10.1089/nat.2012.0414. PMID:
23391415; PMCID: PM(C3569944

Cuellar AK, Johnson SL, Winters R. Distinctions between bipolar and unipolar
depression. Clin Psychol Rev. 2005;25(3):307-39. DOI: 10.1016/j.cpr.2004.12.
002. PMID: 15792852; PMCID: PMC2850601

Angst J, Merikangas KR, Cui L, Van Meter A, Ajdacic-Gross V, Rossler W. Bipo-
lar spectrum in major depressive disorders. Eur Arch Psychiatry Clin Neurosci.
2018;268(8):741-8. DOI: 10.1007/s00406-018-0927-x. PMID: 30032467
Le-Niculescu H, Roseberry K, Gill SS, Levey DF, Phalen PL, Mullen J, et al.
Precision medicine for mood disorders: objective assessment, risk prediction,
pharmacogenomics, and repurposed drugs. Mol Psychiatry. 2021;26(7):2776-
804. DOI: 10.1038/s41380-021-01061-w. PMID: 33828235; PMCID:
PM(C8505261

Garbo E, Del Rio B, Ferrari G, Cani M, Napoli VM, Bertaglia V, et al. Exploring
the potential of non-coding RNAs as liquid biopsy biomarkers for lung cancer
screening: a literature review. Cancers (Basel). 2023;15(19):4774.D0I: 10.3390/
cancers15194774. PMID: 37835468; PMCID: PMC10571819

Holland NT, Pfleger L, Berger E, Ho A, Bastaki M. Molecular epidemiol-
ogy bhiomarkers—sample collection and processing considerations. Toxicol
Appl Pharmacol. 2005;206(2):261-8. DOI: 10.1016/j.taap.2004.10.024. PMID:
15967217

Wu G, Du X, Li Z, Du Y, Lv J, Li X, et al. The emerging role of long non-coding
RNAs in schizophrenia. Front Psychiatry. 2022;13:995956. DOI: 10.3389/fpsyt.
2022.995956. PMID: 36226104 ;PMCID: PM(9548578

Hao W-Z, Chen Q, Wang L, Tao G, Gan H, Deng L-], et al. Emerging
roles of long non-coding RNA in depression. Prog Neuropsychopharmacol
Biol Psychiatry. 2022;115:110515. DOI: 10.1016/j.pnpbp.2022.110515. PMID:
35077841

Smirnova L, Modafferi S, Schlett C, Osborne LM, Payne JL, Sabunciyan
S. Blood extracellular vesicles carrying brain-specific mRNAs are poten-
tial biomarkers for detecting gene expression changes in the female brain.
Mol Psychiatry. 2024;29(4):962-73. DOI: 10.1038/s41380-023-02384-6. PMID:
38212371

Spanos M, Gokulnath P, Chatterjee E, Li G, Varrias D, Das S. Expanding the horizon
of EV-RNAs: LncRNAs in EVs as biomarkers for disease pathways. Extracell Vesi-
cle. 2023;2:100025. DOI: 10.1016/j.vesic.2023.100025. PMID: 38188000; PM-
CID: PMC10768935

Maas SLN, Breakefield XO, Weaver AM. Extracellular vesicles: unique intercel-
lular delivery vehicles. Trends Cell Biol. 2017;27(3):172-88. DOI: 10.1016/j.tcb.
2016.11.003. PMID: 27979573; PMCID: PMC5318253

Paolicelli RC, Bergamini G, Rajendran L. Cell-to-cell communication by ex-
tracellular vesicles: focus on microglia. Neuroscience. 2019;405:148-57. DOI:
10.1016/j.neuroscience.2018.04.003. PMID: 29660443

Pulliero A, Pergoli L, Maestra SLA, Micale RT, Camoirano A, Bollati V, et al. Extra-
cellular vesicles in biological fluids. A biomarker of exposure to cigarette smoke
and treatment with chemopreventive drugs. J Prev Med Hyg. 2019;60(4):E327-
36.DO0I: 10.15167/2421-4248/jpmh2019.60.4.1284. PMID: 31967089; PMCID:
PMC6953455

Kong L, Zhang D, Huang S, Lai J, Lu L, Zhang J, et al. Extracellular vesicles in
mental disorders: a state-of-art review. Int J Biol Sci. 2023;19(4):1094-109. DOI:
10.7150/ijbs.79666. PMID: 36923936; PMCID: PMC10008693

GENOMIC PSYCHIATRY
Genomic Press

73. Oraki Kohshour M, Papiol S, Delalle I, Rossner MJ, Schulze TG. Extracellular vesi-
cle approach to major psychiatric disorders. Eur Arch Psychiatry Clin Neurosci.
2023;273(6):1279-93. DOI: 10.1007/s00406-022-01497-3. PMID: 36302978;
PMCID: PMC10450008

74. Dar MA, Arafah A, Bhat KA, Khan A, Khan MS, Ali A, et al. Multiomics technologies:
role in disease biomarker discoveries and therapeutics. Brief Funct Genomics.
2023;22(2):76-96. DOI: 10.1093/bfgp/elac017. PMID: 35809340

75. Sathyanarayanan A, Mueller TT, Ali Moni M, Schueler K, Baune BT, Lio P, et al.
Multi-omics data integration methods and their applications in psychiatric dis-
orders. Eur Neuropsychopharmacol. 2023;69:26-46. DOI: 10.1016/j.euroneuro.
2023.01.001. PMID: 36706689

76. SchwarzE, Bahn S. Biomarker discovery in psychiatric disorders. Electrophoresis.
2008;29(13):2884-90. DOI: 10.1002/elps.200700710. PMID: 18512679

77. Athieniti E, Spyrou GM. A guide to multi-omics data collection and integration
for translational medicine. Comput Struct Biotechnol J. 2023;21:134-49. DOI:
10.1016/j.csbj.2022.11.050. PMID: 36544480; PMCID: PMC9747357

78. Zarayeneh N, Ko E, Oh JH, Suh S, Liu C, Gao J, et al. Integration of multi-
omics data for integrative gene regulatory network inference. Int J Data Min
Bioinform. 2017;18(3):223-39. DOI: 10.1504/1JDMB.2017.10008266. PMID:
29354189; PMCID: PMC5771269

79. Martin-Hernandez R, Espeso-Gil S, Domingo C, Latorre P, Hervas S, Hernan-
dez Mora JR, et al. Machine learning combining multi-omics data and net-
work algorithms identifies adrenocortical carcinoma prognostic biomarkers.
Front Mol Biosci. 2023;10:1258902. DOI: 10.3389/fmolb.2023.1258902. PMID:
38028548; PMCID: PMC10658191.

80. Bhuvaneshwar K, Gusev Y. Translational bioinformatics and data science for
biomarker discovery in mental health: an analytical review. Briefings Bioinf.
2024;25(2):bbae098. DOI: 10.1093/bib/bbae098. PMID: 38493340; PMCID:
PM(C10944574

81. Smith AA, Li R, Tse ZTH. Reshaping healthcare with wearable biosensors. Sci
Rep. 2023;13(1):4998. DOI: 10.1038/s41598-022-26951-z. PMID: 36973262;
PMCID: PMC10043012

82. Sharma A, Badea M, Tiwari S, Marty JL. Wearable biosensors: an alterna-
tive and practical approach in healthcare and disease monitoring. Molecules.
2021;26(3):748. DOI: 10.3390/molecules26030748. PMID: 33535493; PMCID:
PM(C7867046

83. Dunn J, Runge R, Snyder M. Wearables and the medical revolution. Per Med.
2018;15(5):429-48. DOI: 10.2217/pme-2018-0044. PMID: 30259801

84. Chen M, Wu D, TuS, Yang C, Chen D, Xu Y. A novel biosensor for the ultrasensitive
detection of the IncRNA biomarker MALAT1 in non-small cell lung cancer. Sci
Rep. 2021;11(1):3666. DOI: 10.1038/s41598-021-83244-7. PMID: 33574438;
PMCID: PMC7878801

85. Rao Bommi J, Kummari S, Lakavath K, Sukumaran RA, Panicker LR, Marty JL, et al.
Recent trends in biosensing and diagnostic methods for novel cancer biomark-
ers. Biosensors. 2023;13(3):398.D0I: 10.3390/bios13030398. PMID: 36979610;
PMCID: PMC10046866

Publisher’s note: Genomic Press maintains a position of impartiality and neutral-
ity regarding territorial assertions represented in published materials and affilia-
tions of institutional nature. As such, we will use the affiliations provided by the au-
thors, without editing them. Such use simply reflects what the authors submitted
to us and it does not indicate that Genomic Press supports any type of territorial
assertions.

@@@@ Open Access. This article is licensed to Genomic Press under the Cre-
CEYTE ative Commons Attribution-NonCommercial-NoDerivatives 4.0 Inter-
national License (CC BY-NC-ND 4.0). The license mandates: (1) Attribution: Credit
must be given to the original work, with a link to the license and notification of any
changes. The acknowledgment should not imply licensor endorsement. (2) NonCom-
mercial: The material cannot be used for commercial purposes. (3) NoDerivatives:
Modified versions of the work cannot be distributed. (4) No additional legal or tech-
nological restrictions may be applied beyond those stipulated in the license. Public
domain materials or those covered by statutory exceptions are exempt from these
terms. This license does not cover all potential rights, such as publicity or privacy
rights, which may restrict material use. Third-party content in this article falls un-
der the article’s Creative Commons license unless otherwise stated. If use exceeds
the license scope or statutory regulation, permission must be obtained from the
copyright holder. For complete license details, visit https://creativecommons.org/
licenses/by-nc-nd/4.0/. The license is provided without warranties.

https://doi.org/10.61373/gp024i.0046
130f 13


https://gp.genomicpress.com
https://doi.org/10.3389/fpsyt.2021.707543
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8385235
https://doi.org/10.1038/s41398-022-01971-5
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9098154
https://doi.org/10.1038/s41419-020-2645-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7280314
https://doi.org/10.3390/ncrna7020036
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8293397
https://doi.org/10.1089/nat.2012.0414
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3569944
https://doi.org/10.1016/j.cpr.2004.12.002
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2850601
https://doi.org/10.1007/s00406-018-0927-x
https://doi.org/10.1038/s41380-021-01061-w
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8505261
https://doi.org/10.3390/cancers15194774
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10571819
https://doi.org/10.1016/j.taap.2004.10.024
https://doi.org/10.3389/fpsyt.2022.995956
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9548578
https://doi.org/10.1016/j.pnpbp.2022.110515
https://doi.org/10.1038/s41380-023-02384-6
https://doi.org/10.1016/j.vesic.2023.100025
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10768935
https://doi.org/10.1016/j.tcb.2016.11.003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5318253
https://doi.org/10.1016/j.neuroscience.2018.04.003
https://doi.org/10.15167/2421-4248/jpmh2019.60.4.1284
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6953455
https://doi.org/10.7150/ijbs.79666
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10008693
https://doi.org/10.1007/s00406-022-01497-3
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10450008
https://doi.org/10.1093/bfgp/elac017
https://doi.org/10.1016/j.euroneuro.2023.01.001
https://doi.org/10.1002/elps.200700710
https://doi.org/10.1016/j.csbj.2022.11.050
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9747357
https://doi.org/10.1504/IJDMB.2017.10008266
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5771269
https://doi.org/10.3389/fmolb.2023.1258902
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10658191.
https://doi.org/10.1093/bib/bbae098
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10944574
https://doi.org/10.1038/s41598-022-26951-z
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10043012
https://doi.org/10.3390/molecules26030748
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7867046
https://doi.org/10.2217/pme-2018-0044
https://doi.org/10.1038/s41598-021-83244-7
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7878801
https://doi.org/10.3390/bios13030398
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10046866
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.61373/gp024i.0046

