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Abstract

Schizophrenia (SCZ) is a complex and heterogeneous neuropsychiatric disorder that lacks objective diagnostic indicators and the patho-
genesis remain unclear. Genetic factors may exert a significant impact on the development of the condition. While obtaining brain tissue
for biopsy in the course of adjuvant diagnosis of SCZ patients may not be possible, the collection of peripheral blood is more accessible
and easier to implement. In recent years, the development and application of RNA sequencing technology has made seeking biomarkers
of SCZ becomes more feasible. There is emerging evidence suggesting that certain non-coding RNAs (ncRNA) are distinctly different in
the peripheral blood of SCZ patients and healthy controls. Although the mechanisms remain unclear, these aberrantly expressed ncRNAs
may be intimately associated with the onset and development of SCZ and may be of great significance for the diagnosis and treatment of
SCZ. Therefore, we reviewed the expression of distinct types of ncRNAs that have been found in the peripheral blood of SCZ patients
and explored their potential application as diagnostic biomarkers of SCZ. Differentially expressed ncRNAs in the peripheral blood of
SCZ patients could not only serve as potential diagnostic biomarkers and therapeutic targets for SCZ but may also have implications
for advancing understanding of the molecular mechanisms underlying the development of SCZ and elucidating the complex etiology of
SCZ. Early diagnostic biomarkers obtained directly from peripheral blood are of great significance for the timely diagnosis and treatment
of SCZ. Our review will enhance the comprehension of molecular mechanisms of SCZ and contribute to the identification of promising
ncRNAs in peripheral blood for both diagnosis and therapy of SCZ.
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1. Introduction nologies, several genetic variants relating to SCZ have been
identified [5]. With unbiased properties and high through-
put, RNA sequencing technology has been acknowledged
as a powerful method for the recognition of biomarkers of
SCZ. Since RNA molecules play essential functions in the
development and progression of numerous conditions, to
date, studies [6,7] have reported the aberrant expression of
the transcriptome in SCZ patients and it has been suggested
that differentially expressed RNA molecules can be consid-
ered as diagnostic or therapeutic biomarkers for SCZ. RNA
in organisms are categorized into two major groups: cod-
ing RNAs and non-coding RNAs (ncRNA) [8]. The for-
mer refers to mRNA, while the latter includes microRNA
(miRNA), long non-coding RNA (IncRNA), and circular
RNA (circRNA). The primary function of mRNA is to al-
low the expression of the genetic information in a tran-
scribed protein. ncRNAs, despite not being capable of cod-

Schizophrenia (SCZ) [1] is a heterogeneous and
chronic neuropsychiatric disorder with sophisticated and di-
verse clinical manifestations. Patients with SCZ suffer from
alterations of emotions, cognition, and behaviors. SCZ im-
pacts approximately 1% of the world’s population [2]. The
diagnosis of SCZ is dependent on the clinical manifesta-
tions and symptoms of the patient, and takes six months or
more to diagnose according to DSM-5 diagnostic criteria
[3]. Due to the absence of objective diagnostic criteria for
SCZ at an early stage, many patients are already in a severe
stage by the time they are diagnosed. While medications
are available for alleviating and limiting the progression of
symptoms, the prognosis for many patients remains unsat-
isfactory [4]. Hence, it is important to identify objective di-
agnostic indicators that can be found during the early stages

of SCZ.

The pathogenesis of SCZ remains unclear, with ge-
netic, environmental, and social factors all influencing its
development to some extent. Studies investigating genes
associated with SCZ have made certain developments and
with the continuous application of high-throughput tech-

ing proteins, can affect the expression of genes through a
variety of mechanisms [9]. Statistically [10], the propor-
tion of mRNAs in the transcriptome is typically less than
2%, while the proportion of ncRNAs accounts for more ex-
tensive expression in mammalian cells than mRNAs. Re-
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cent studies have revealed a number of unique ncRNAs that
play vital roles in the maintenance of normal physiological
functions and the regulation of various diseases.

An increasing number of studies have demonstrated
that ncRNA expression is relatively specific, is abundant in
the brain and peripheral nervous system, and can dynami-
cally modulate a wide range of signaling pathways in the
context of neurodegenerative lesions through a variety of
mechanisms [11]. Consequently, further exploration of the
mechanisms through which ncRNAs regulate gene expres-
sion is of great significance for the early diagnosis and treat-
ment of neurodegenerative diseases.

Recently, it has been suggested that numerous ncR-
NAs are also promising diagnostic biomarkers of SCZ
[12,13]. Evidence from various studies indicates that alter-
ations of ncRNAs in SCZ may provide novel insights into
the mechanisms underlying its pathobiology. Further ex-
ploration of the alterations of ncRNAs in SCZ could there-
fore be instrumental for gaining further insight into the
mechanisms underlying the development and progression
of SCZ, as well as for better therapeutic options and early
diagnosis of SCZ.

Accurate recognition of differentially expressed genes
among particular conditions is necessary for understand-
ing phenotypic variation [14]. RNA sequencing technol-
ogy has gradually emerged as a necessary tool for analyzing
differentially expressed genes at the whole transcriptome
level. It has also been used to investigate the complexity
of mRNA splicing and the mechanism of ncRNA-regulated
gene expression, which has contributed to our understand-
ing of the molecular mechanisms of SCZ. RNA sequencing
is a promising tool for investigating disease-related gene ex-
pression alterations at the RNA level with high-resolution
and low-cost. It has also been used to enhance compre-
hension of the roles of multiple genes in the causation of
certain psychiatric disorders, including SCZ. Quantitative
reverse transcription real-time polymerase chain reaction
(RT-qPCR) is a convenient and effective method for mRNA
detection, with high sensitivity and specificity. It is cur-
rently being widely used in the study of SCZ pathogenesis
[15].

The utilization of peripheral blood to identify
biomarkers of SCZ is more feasible compared to brain tis-
sue samples as it is easily accessible and less invasive. Ad-
ditionally, there are multiple confounding factors that may
affect the expression of genes in post-mortem brain tissue,
ranging from cause of death, substance-use history, gen-
der, and age [16]. There are studies that have detected
high concordance between the expression of genes in pe-
ripheral blood and brain tissue. Liew ef al. [17] demon-
strated that genes expressed in human peripheral blood
share approximately 80% homology with those expressed
in brain tissue with the use of microarray hybridization as
well as expressed sequence tags. Further, by employing
a contrastive gene expression trail extrapolation algorithm,

Iturria-Medina et al. [18] identified that approximately 85-
90% of the most predictable regulatory pathways identified
in brain were also top predictors in the peripheral blood.
Therefore, the use of peripheral blood samples to detect
biomarkers of SCZ is an optimal alternative method for
brain tissue samples.

In the present review, the various types of ncRNAs
aberrantly expressed in the peripheral blood of SCZ patients
are discussed and the potential value of these ncRNAs are
assessed as diagnostic biomarkers and potential therapeu-
tic targets for SCZ. This review will provide further insight
and contribute to the translation of ncRNAs as biomarkers
in the peripheral blood of SCZ in clinical practice. Fig. 1 il-
lustrates an overview of the material covered in this review.

2. miRNAs as Potential Biomarkers for
Schizophrenia

2.1 miRNAs and Schizophrenia

miRNAs are an endogenous, minor non-coding RNA
that primarily engage in the modulation of gene expression
in post-transcriptional processes by disturbing transcription
or translation. They play an essential role in the regulatory
mechanisms of a variety of biological processes, includ-
ing time of development, cell proliferation and differentia-
tion, and apoptosis [19]. Recently, an increasing number of
studies have identified that dysregulation of the expression
of miRNAs is intimately associated with multiple diseases.
Additionally, there are hundreds of miRNAs that have been
shown to be aberrantly expressed in diseases based on the
analysis of global gene expression profiles [20].

It has been demonstrated that miRNAs are abundantly
expressed in the nervous system, where they can induce ab-
normalities on a range of gene expression and functioning
pathways. These abnormalities are of significance for nu-
merous neuropsychiatric disorders, including SCZ, as they
cause the dysfunction of multiple pathways [21]. Studies
[22,23] have explored the role of miRNAs on both brain
function and interneuron development. miRNAs coordi-
nate the regulation of translation, stability, splicing, and lo-
calization of related mRNAs, which could contribute to fur-
ther understanding of the pathogenesis of SCZ. Recently, as
studies regarding the role of miRNAs in SCZ are becoming
widespread, miRNAs have been identified as critical regu-
lators of gene expression and are promising candidates for
biomarkers of SCZ. Research has revealed that expression
of miRNAs in peripheral blood alters in response to changes
of the body’s physiological or pathological conditions [24].
Accordingly, aberrantly expressed miRNAs in peripheral
blood of SCZ patients may be of great significance for the
diagnosis of SCZ. Table | (Ref. [15,25-47]) presents miR-
NAs that have the potential to serve as biomarkers in the
peripheral blood of SCZ.
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Fig. 1. Overview of content reviewed.

Peripheral blood miRNAs as Potential Biomarkers for
Schizophrenia

Ina2011 study by Lai et al. [25], a comparative anal-
ysis of miRNA expression in peripheral blood mononuclear
leukocytes was performed with Tagman low-density arrays.
Seven miRNAs (miR-34a, miR-449a, miR-564, miR-432,
miR-548d, miR-572, and miR-652) were differentially ex-
pressed between SCZ patients and healthy controls (CTL),
with the most significant difference being in expression of
miR-34a. A support vector machine was used to assess the
predictive accuracy of the 7-miRNA signature in differen-
tiating SCZ from CTL. The area under the receiver operat-
ing characteristic (ROC) curve of its diagnostic prediction
model was 93% and the area under the curve (AUC) in the
test set was 85%, with good diagnostic performance. Di-
agnostic prediction models for SCZ serve as an essential
approach to distinguish SCZ cases from CTL and to predict
whether SCZ will occur. It has become widely accepted
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to employ machine learning methods to construct diagnos-
tic prediction models, where combining different variables
for SCZ prediction may improve the accuracy of predic-
tion. With the help of diagnostic prediction models, clini-
cians and SCZ patients can make better joint decisions, re-
searchers can screen suitable SCZ study subjects more ac-
curately, and governments can allocate medical resources
accordingly.

Their subsequent study in 2016 [26] revealed that hos-
pitalization did not influence expression of these seven
miRNAs above that in peripheral blood, leading them
to suggest that miRNAs may as trait-dependent markers.
Moreover, their study revealed a corresponding correlation
between the expression levels of miR-34a in the blood and
in cortical Brodmann area 46. In a study conducted by Ho-
rai et al. [27] in 2020, miR-19b, which is highly expressed
in neural progenitor cells in the hippocampus of SCZ pa-
tients, also had increased expression in peripheral blood.
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The high expression of miR-19b likely increases the vul-
nerability of SCZ by attenuating the proliferation of neural
progenitor cells in the hippocampus. It is possible that these
studies may provide further support for the use of miRNAs
in peripheral blood as diagnostic biomarkers of SCZ. Sun et
al. [28] detected that the expression of miR-132, miR-195,
miR-30e, and miR-7 were significantly upregulated in blood
plasma and miR-212, miR-34a, and miR-30e were upregu-
lated in peripheral blood mononuclear cells (PBMC). Dif-
ferences in the tissue microenvironment in which miRNAs
function may explain the differences in their expression lev-
els in different tissues. Interestingly, the expression of miR-
30e in both plasma and PBMC was significantly different
in patients with SCZ compared to CTL. Further logistic re-
gression analysis demonstrated that miR-30e in plasma has
greater diagnostic value for SCZ, which further suggests
that miR-30e may be considered as a plasma biomarker for
the diagnoses of SCZ. Meanwhile, in their other study [29],
the combination of miR-30e, miR-181b, miR-34a, miR-346,
and miR-7 in plasma was found to be a potential biomarker
for SCZ diagnosis. He ef al. [30] detected that miR-34a-
5p, miR-432-5p, and miR-449a were aberrantly expressed
in the serum of SCZ patients. Accordingly, it could be sug-
gested that miR-34a, miR-449a, and miR-432 are perform-
ing relatively important roles in the pathogenesis of SCZ
and that it is feasible to look for miRNAs in peripheral blood
that can reflect aberrant alterations in brain tissue.

Shi et al. [31] detected that miR-181b, miR-219-2-
3p, miR-195, miR-1308, and let-7g could act as potential
diagnostic biomarkers of SCZ. In an attempt to explore
miRNAs relevant to SCZ in non-neural tissues, Gardiner
et al. [32] performed an analysis of miRNA expression
profiles and discovered that certain miRNAs that are dif-
ferentially expressed in the brain are also differentially ex-
pressed in peripheral blood, such as miR-134, miR-128, and
miR-181b. Additionally, from their study, seven miRNAs
(miR-31, miR-431, miR-433, miR-107, miR-134, miR-99b,
miR-487b) were identified as being differentially expressed
in the peripheral blood of patients with SCZ. Aberrant ex-
pression of miR-181b in the plasma of SCZ patients was
also identified in a study by Sun et al. [29]. Hence, miR-
181b may also be potentially valuable for the diagnosis of
SCZ.

A study by Wu et al. [33] revealed upregulation of
the expression of miR-148b-3p in the peripheral blood of
patients with SCZ during their first-episode and predicted
that ZNF8044 may be the target gene where miR-148b-3p
exerts its effect in the pathological mechanism of SCZ. In
another study conducted by Wu et al. [34] 2016, the expres-
sion of miR-137 was upregulated in the peripheral blood of
SCZ patients compared to CTL. The diagnostic ROC curve
for distinguishing SCZ from CTL with the utilization of
miR-137 showed an area under the curve(AUC) value of
0.795. Furthermore, this study also revealed that miR-137
may target genetic variants impacting the RNA binding site

of the EFNB2 gene, causing its down-regulation. Accord-
ingly, they suggested that miR-137 may be a meaningful
biomarker for SCZ. Two years later, Ma et al. [15] explored
miRNAs in peripheral blood that are potential diagnostic
biomarkers for SCZ with second-generation sequencing in
combination with RT-qPCR and detected that the combina-
tion of three miRNAs, miR-137, miR-22-3p, and miR-92a-
3p, may be meaningful diagnostic biomarkers for SCZ. Ad-
ditionally, a study by Yu et al. [35] identified miR-132 as a
promising biomarker in peripheral blood for differentiating
SCZ from CTL. Sun et al. [28] have also demonstrated the
value of miR-132 in the diagnosis of SCZ. As such, miR-137
and miR-132, may serve as potential diagnostic biomarkers
of SCZ that are intimately associated with regulating the
expression of SCZ-related mRNAs.

As previously described, Shi ef al. [31] identified nine
miRNAs, including miR-195, as candidate biomarkers for
the diagnosis of SCZ back in 2011. Another study by Sun
et al. [28] subsequently revealed significant upregulation
of miR-195 expression in the plasma of SCZ. In 2021, Pan
et al. [36] also identified significantly elevated levels of
miR-195 in peripheral blood of SCZ patients. Additionally,
their study demonstrated that in SCZ patients, high expres-
sion of miR-195 was associated with a decrease in levels of
brain-derived neurotrophic factor (BDNF'), where low lev-
els of BDNF protein is associated with cognitive dysfunc-
tion. Consequently, the upregulation of miR-195 in periph-
eral blood likely influences cognitive function in SCZ by
modulating the expression of BDNF.

In 2016, Camkurt et al. [37] detected five miR-
NAs, miR9-5p, miR29a-3p, miR106b-5p, miR125a-3p, and
miR125b-3p, significantly upregulated in SCZ. Interest-
ingly, in 2022, Jin et al. [38] revealed that the expression of
miR-4467 was significantly upregulated in SCZ, while miR-
9-5p expression was significantly down-regulated. The pre-
dicted AUC value was 0.709 by combining miR-4467 and
miR-9-5p for the diagnosis of SCZ. Notably, miR-9-5p ex-
pression appeared to be in opposite directions in different
studies although they were all aberrantly expressed; there-
fore, further exploration is necessary to clarify the diagnos-
tic value of miR-9-5p in peripheral blood for SCZ.

As mentioned previously, a study by Shi ef al. [31]
identified let-7g as a potential diagnostic biomarker in the
serum of SCZ patients. It was also detected by Rizos et al.
[39], that the expression of let-7g-5p, miR-98-5p, and miR-
183-5p were significantly down-regulated in the blood of
patients with cancer and SCZ. Additionally, Geaghan et al.
[40], revealed that miRNAs of the let-7 family, miR-1271-
5p, and miR-221-5p performed essential functions in regu-
lating the expression of genes in immune cells in the periph-
eral blood of SCZ patients. It has been determined that the
let-7 family of miRNAs are tumor suppressors that modu-
late the response of macrophages as well as the production
of B-cell antibodies, both of which play essential roles in
regulating the immune system [48]. Hence, further explo-
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ration of the aberrantly expressed let-7 family miRNAs in
peripheral blood may be of significance for understanding
the pathogenesis of SCZ.

In addition, several studies have detected other miR-
NAs in peripheral blood that might serve as diagnostic
markers for SCZ. In 2015, Wei ef al. [41] conducted val-
idation of eight miRNAs (miR-130a, miR-130b, miR-122,
miR-193a-3p, miR-193b, miR-502-3p, miR-652, and miR-
886-5p) differentially expressed between SCZ patients and
CTL by utilizing RT-qPCR. They determined that two of
these miRNAs (miR-130b and miR-193a-3p) may have sig-
nificance for the diagnosis of SCZ. Zhao ef al. [42] identi-
fied that the expression of miR-223 in plasma of SCZ pa-
tients was upregulated both during the first episode and
its later stages compared to CTL. This abnormal expres-
sion of miR-223 may affect the expression levels of its tar-
geted genes involved in cell migration. An investigation
by Wang et al. [43] revealed that the expression of miR-
320a-3p and miR-320b was significantly downregulated in
the serum of SCZ patients. Pala et al. [44] identified miR-
373-5p and miR-199a-3p as potential biomarkers for SCZ
diagnosis by analyzing the microRNA expression profile
GSE54578. You et al. [45] discovered that the expres-
sion of miR-218-5p and miR-1262 were notably upregulated
in PBMC of treatment-resistant SCZ patients. The target
genes of these two miRNAs, CBX5, NF165, and CACULI,
are intimately associated with brain function and the ner-
vous system. As a result, they proposed that miR-218-5p
and miR-1262 might be biomarkers for early diagnosis of
treatment-resistant SCZ. Davarinejad et al. [46] identified
miR-574-5P, miR-4429, and miR-1827 as potential blood
diagnostic biomarkers for SCZ. Sabaie et al. [47] identified
down-regulation of miR-185-5p in the peripheral blood in
SCZ patients, which could be relatively well differentiated
from that of CTLs (AUC = 0.722), but larger samples for
validation are still necessary.

It is evident that there have been multiple studies
which have detected miRNAs in peripheral blood that can
serve as diagnostic biomarkers for SCZ. Interestingly, some
of the aberrantly expressed miRNAs detected in peripheral
blood are also present at abnormal levels in brain tissue
of SCZ patients. Therefore, the use of peripheral blood
is promising as a means for the detection of diagnostic
miRNAs in SCZ. Additionally, it is noteworthy that sev-
eral studies have found the same miRNAs in peripheral
blood to be of diagnostic value for SCZ, such as miR-34a,
miR-181b, miR-137, miR-132, miR-195, miR9-5p, miR-
432, miR-7, miR-30e, miR-548d, miR-432, miR-449a, and
let-7. Thus, these miRNAs are promising as reliable diag-
nostic biomarkers for SCZ. However, the accuracy of diag-
nostic prediction of SCZ using a single miRNA may be low
and an attempt should be made to combine multiple miR-
NAs that are abnormally expressed in peripheral blood for
the prediction of SCZ, thus further improving the accuracy
of diagnostic results. Consequently, miRNAs differentially
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expressed in the peripheral blood of SCZ patients may be
novel biomarkers that provide non-invasive and accurate di-
agnosis of SCZ.

2.2 IncRNAs as Potential Biomarkers for Schizophrenia
2.2.1 IncRNAs and Schizophrenia

IncRNAs are RNA transcripts that encode proteins
less than 200 nucleotides in length. They play vital roles in
an array of biological functions and cellular processes, such
as metabolism, cell differentiation, cell cycle, and have
been implicated in multiple diseases [49]. Qian et al. [50]
investigated the mechanism and functional role of IncRNAs
in regulating RNA metabolism and expression of genes by
using high-throughput sequencing, bioinformatics, and au-
tomated capillary approaches. They identified that IncR-
NAs are essential modulators of the function and expression
of almost all genes.

Previous studies have revealed the expression of nu-
merous IncRNAs in the brain that are predominantly en-
gaged in the development and function of the nervous sys-
tem [51]. It is widely accepted that SCZ is a caused by mul-
tiple factors with sophisticated genetic constituents. Rus-
coni et al. [52] demonstrated that the characteristic muta-
tions of numerous psychiatric disorders, including SCZ, oc-
curred in non-coding parts of genes. There has been an ac-
cumulation of studies demonstrating the relevance of IncR-
NAs to the pathogenesis of SCZ [53,54]. It has been sug-
gested that most genes expressed in the brain and peripheral
blood share common regulation pathways. For instance,
Rao et al. [55] demonstrated that LINC00461, which is
downregulated in the hippocampus of SCZ patients, was
also downregulated in peripheral blood. Hence, IncRNAs
aberrantly expressed in the brain of SCZ patients may also
have abnormal expression in the peripheral blood and it is
therefore feasible to detect IncRNAs aberrantly expressed
in peripheral blood of SCZ patients [54]. Table 2 (Ref.
[8,55-72]) presents potential IncRNAs biomarkers in pe-
ripheral blood of SCZ patients.

2.2.2 Peripheral Blood IncRNAs as Potential Biomarkers
for Schizophrenia

To investigate the potential regulatory effects of IncR-
NAs on the expression of genes and the pathogenesis in
SCZ, Ren et al. [56] performed a Weighted Gene Co-
expression Network Analysis (WGCNA) which identified
two modules that are relevant to SCZ, the blue and brown
modules. It is possible that these two modules are en-
gaged in the pathogenesis of SCZ by causing dysfunction of
mitochondria through the regulation of their targeted mR-
NAs. In 2020, to explore IncRNAs associated with the
prodromal stage of SCZ, which is known to be ultra-high
risk for psychosis, they conducted an additional WGCNA
and detected that the expression of ASHGI9434011462
and ASHG19434026335 was upregulated, while the ex-
pression of ASHG 19434049471, ASHG1943A4044112, and
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Table 1. List of miRNAs in peripheral blood available as biomarkers of Schizophrenia.

miRNA Method Sample Direction  Sample size  Year Study
miR-181b RT-qPCR serum up 115:40 2011 Shi et al. [31]
miR-219-2-3p up

miR-1308 up

let-7g up

miR-195 down

miR-34a RT-qPCR PBMC up 30:30 2011 Lai et al. [25]
miR-449a -

miR-564 -

miR-432 -

miR-548d -

miR-572 -

miR-652 -

miR-134 RT-qPCR PBMC down 112:76 2012 Gardiner et al. [32]
miR-128 -

miR-181b -

miR-31 down

miR-431 down

miR-433 down

miR-107 down

miR-99b down

miR-487b down

miR-130b RNA-seq plasma up 164:187 2015 Wei et al. [41]
miR-193a-3p  RT-qPCR up 400:312

miR-132 RNA-seq PBMC down 105:130 2015 Yu et al. [35]
miR-30e RT-qPCR plasma up 61:62 2015 Sun et al. [29]
miR-181b up

miR-34a up

miR-346 up

miR-7 up

let-7g-5p RNA-seq blood down 6:10:8 2015 Rizos et al. [39]
miR-98-5p down

miR-183-5p down

miR-132 RT-gPCR  plasma PBMC up 25:13 2015 Sun et al. [28]
miR-195 up

miR-7 up

miR-212 up

miR-34a up

miR-30e up

miR-137 RT-qPCR  peripheral blood up 44:44 2016 Wu et al. [34]
miR9-5p RT-qPCR  peripheral blood up 16:16 2016  Camkurt et al. [37]
miR29a-3p up

miR106b-5p up

miR125a-3p up

miR125b-3p up

miR-34a RT-qPCR  peripheral blood up 25:27 2016 Lai et al. [26]
miR-449a up

miR-564 up

miR-432 up

miR-548d up

miR-572 up

miR-652 up
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Table 1. Continued.

miRNA Method Sample Direction  Sample size  Year Study

miR-22-3p RNA-seq  peripheral blood up 10:10 2018 Ma et al. [15]

miR-92a-3p RT-qPCR up 44:44

miR-137 up

miR-34a-5p RT-gPCR serum up 40:40 2019 He et al. [30]

miR-432-5p down

miR-449a up

miR-223 RNA-seq plasma up 17:17 2019 Zhao et al. [42]
RT-qPCR 21:21

miR-1271-5p  RNA-seq PBMC down 36:15 2019 Geaghan et al. [40]

miR-221-5p RT-qPCR down 17

let-7 down

miR-320a-3p  RNA-seq serum down 50:60 2019 Wang et al. [43]

miR-320b

miR-19b RT-qPCR  peripheral blood up 22:19 2020 Horai et al. [27]

miR-373-5p GSES54578  peripheral blood - 15:15 2020 Pala et al. [44]

miR-199a-3p -

miR-148b-3p  RT-qPCR  peripheral blood up 44:44 2020 Wu et al. [33]

miR-218-5p RNA-seq PBMC up 34:31 2020 You et al. [45]

miR-1262 RT-gPCR up 6:6

miR-195 RNA-seq  peripheral blood up 118:47 2021 Pan et al. [36]

miR-9-5p RNA-seq  peripheral blood down 15:15 2022 Jin et al. [38]

miR-4467 RT-qPCR up 35:60

miR-574-5P GSE54914  peripheral blood up 18:12 2022  Davarinejad et al. [46]

miR-1827 up

miR-4429 up

miR-185-5p qPCR peripheral blood down 50:50 2022 Sabaie et al. [47]

RT-qPCR, Quantitative reverse transcription real-time polymerase chain reaction, PBMC, peripheral blood

mononuclear cells.

ASHG19434049556 was downregulated. Subsequently, by
analyzing the function of mRNAs with corresponding ex-
pression patterns with these five IncRNAs, the study ob-
served that these mRNAs appeared to be notably abundant
in functional pathways associated with immunity and in-
flammation. Consequently, they suggested that IncRNAs
may participate in immune and inflammatory abnormali-
ties in the pathogenesis of ultra-high-risk psychosis, which
may have great implications for further exploration of the
pathogenesis of SCZ.

To explore the regulatory role of IFNG-ASI on the
gene locus of IFNG in SCZ, Ghafelehbashi et al. [57] com-
pared the expression levels of IFNG-AS1, IFNG, and IL-1B
in the blood cells of SCZ patients and CTL. They detected
that the expression level of IFNG-ASI was significantly
downregulated in the blood cells of SCZ patients when
compared to CTLs and there was a positive correlation with
expression levels of IFNG and IL-1B. IFNG and IL-1B are
known to be of significance in the regulation of inflamma-
tion, so it was hypothesized in this study that /FNG-AS1
is intimately involved in inflammation and immunity, and
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may be one of the essential inflammatory regulators in the
pathogenesis of SCZ. Additionally, a study by Melbourne
et al. [58] demonstrated a positive correlation between the
expression of IncRNA TMEVPGI1, NRON, and the expres-
sion of /L-6 and IFFN-y mRNA in blood cells of SCZ pa-
tients. /L-6 and TNF-« have been confirmed to be elevated
in SCZ [73], in which IL-6 is closely related to positive
symptoms of SCZ and TNF- « is a crucial pro-inflammatory
factor in the development of SCZ. Furthermore, TMEVPG1
showed some modulatory effect on the expression of /FN-
7. Therefore, both TMEVPGI and NRON may partici-
pate in the regulation of pro-inflammatory cytokine-related
gene expression in SCZ. In a study by Ni ef al. [59], a
SCZ-associated IncRNA, 4C006129.1, which mainly par-
ticipates in the inflammatory response by augmenting the
expression of SOCS3 and CASP1, was detected by the se-
quencing of peripheral blood IncRNAs in SCZ patients.
This finding may further enhance the understanding of the
epigenetic mechanism of SCZ.

By analyzing IncRNAs microarray data from
SCZ patients and CTL, Chen et al. [60] deter-
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mined that NONHSAT089447, NONHSAT021545,
and NONHSAT041499 were significantly upregulated
in peripheral blood of SCZ. These three IncRNAs were
co-expressed with various mRNAs involved in regulating
biological processes such as memory, cognition, neuronal
apoptosis, and Ras protein signaling. Additionally, the
down-regulated expression of NONHSAT041499 was
correlated with the alleviation of positive symptoms in
SCZ patients following drug treatment, indicating that
NONHSAT041499 may be a potential prognostic factor
for the outcome of SCZ treatment. Subsequently, Chen
et al. [61] carried out a study to further examine the
associations between these IncRNAs and SCZ. They
found that the expression of NONHSAT089447 was higher
than NONHSAT041499 in SCZ patients and showed
either activation or regulation of the dopamine signaling
pathway. The expression level of NONHSAT089447 may
regulate downstream dopamine signaling, thus affecting
the occurrence and development of SCZ. Consequently,
NONHSAT089447 may be a potentially valuable diagnostic
biomarker of SCZ.

To investigate the relations between NEATI, NEAT2,
MEG?3 and MIAT, and SCZ, Li et al. [67] evaluated the lev-
els of these IncRNAs in peripheral blood. What they iden-
tified was that the expression levels of NEATI and NEAT?2
were markedly downregulated but were elevated in SCZ af-
ter treatment. However, MIAT and MEG3 were at lower
expression levels. Furthermore, they investigated the dis-
tribution of these IncRNAs in the body and identified that
MIAT was abundantly expressed in the brain, while NEAT I,
NEAT2, and MEG3 were abundantly expressed in both the
brain and peripheral tissues. Fallah et al. [62] identified
differences in the expression levels of HOXA-AS2, Linc-
ROR, MEG3, SPRY4-IT1, and UCAI between female SCZ
patients and CTL. However, there were no differences in the
expression levels of IncRNAs between male SCZ patients
and CTL, suggesting a potential sex difference. Moreover,
they suggested that MEG3 may affect SCZ by impacting the
glutamatergic, dopaminergic, and GABA ergic pathways.
Sudhalkar et al. [63] revealed that the expression levels of
MEG3 were upregulated in PBMCs of SCZ patients, while
that of PITT and GASS5 were downregulated, and the ROC
curve analysis showed strong diagnostic predictive capabil-
ity of MEG3 for SCZ. Furthermore, this study also detected
an association between MEG3 and PITT. This may be at-
tributed to the fact that MEG3 is a IncRNA which could reg-
ulate the binding specificity of transcription factor P53. P53
exerts a regulatory and activating effect on the expression of
PINT, whereas GASS is involved in the mechanism of the
development of SCZ by serving as the decoy nucleotide-
binding site for the glucocorticoid receptor. Subsequently,
in 2019, Safari et al. [64] demonstrated that the expression
levels of FAS-AS1, PVTI, and TUGI were down-regulated
and THRIL expression was up-regulated in the peripheral
blood of SCZ patients compared to CTL. While the expres-

sion of GASS5, NEATI, and OIP5-AS1 did not differ signif-
icantly between SCZ and CTL, there were notable differ-
ences in the expression of GASS, NEAT1, and OIP5-AS1 in
female subjects. There was 86.96% specificity and 100%
sensitivity of GASS for the prediction of the diagnosis of
SCZ in females and the level of GASS exhibited negative
correlation with the other six IncRNAs. Thus, it is specu-
lated that there may be sex differences in certain IncRNAs
in peripheral blood of SCZ patients.

Jia et al. [65] attempted to explore prospective di-
agnostic biomarkers for SCZ and detected that the ex-
pression levels of Gomafu and uc011dma.l were markedly
upregulated in plasma of those with SCZ. Meanwhile,
AK096174, AK123097, DB340248, ENST00000509804-1,
and ENST00000509804-2 were downregulated. The com-
bination of seven IncRNAs for the diagnostic prediction of
SCZ showed excellent predictive performance with the area
under the ROC curve reaching 0.925. Additionally, the ex-
pression of AK123097 and ENST00000509804-1 in plasma
were upregulated with the amelioration of patients’ symp-
toms after drug treatment, while that of uc0l/dma.l was
greatly reduced. Accordingly, AK123097, uc0lldma.l,
and ENST00000509804-1 may be promising therapeutic
targets for SCZ.

Badrlou et al. [8] evaluated the diagnostic perfor-
mance of four BDNF-related IncRNAs for SCZ with ROC
curves. The diagnostic capabilities of MIAT, MIRI37HG,
BDNF-AS, and BDNF were 68%, 67%, 72%, and 71%, re-
spectively. A study by Liu et al. [66] explored the ex-
pression levels of Gomafiu in PBMC of SCZ patients before
and after drug treatment. Gomafit was found to be signifi-
cantly higher in PBMC of untreated SCZ patients compared
to CTL. Subsequently, the expression level of Gomafu in
PBMC of SCZ patients was markedly increased after 12
weeks of drug treatment. It is well-known that Gomafu, also
named MIAT, is located on 22q12.1 and is intimately associ-
ated with SCZ. Although MIAT was principally distributed
in the brain [67], it is also expressed in peripheral blood and
several studies have detected upregulation of its expression
level in peripheral blood of SCZ. Hence, Gomafu may be
a promising diagnostic biomarker for peripheral blood of
SCZ.

The NF-xB signaling pathway exerts effects on the
function of the nervous system and is implicated with the
pathogenesis of SCZ, which in turn is regulated by IncR-
NAs. Safa et al. [68] explored the expression of nine
NF-xB-associated IncRNAs and revealed CHAST, CEBPA,
DICERI-AS1, H19, and HNF1A4-AS1 have excellent predic-
tive performance in the diagnosis of SCZ. The signaling of
the vitamin D receptor plays an essential role in the devel-
opment of SCZ and the receptor signaling is functionally
connected with numerous IncRNAs. A study by Ghafouri-
Fard et al. [69] revealed that LINC00511, LINC00346, and
SNHG6 were upregulated in SCZ and all are associated with
the vitamin D receptor.
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The oxytocin-related signaling pathway can interact
with dopaminergic signaling, which is linked with the
pathophysiology of SCZ. There are certain IncRNAs that
mediate the activity of the oxytocin system and thus ex-
ert influence on the development of SCZ. Eghtedarian et
al. [70] assessed the aberrant expression of nine oxytocin-
related IncRNAs as well as mRNAs in the venous blood
of SCZ patients, where the expression of LNC-FOXF '] was
significantly upregulated. LNC-FOXF is an oxytocin sys-
tem related IncRNA. There is also an association between
LNC-FOXF1 and the immune response. There are com-
mon genetic mechanisms between SCZ and nicotine depen-
dence. Chen et al. [71] identified multiple IncRNAs associ-
ated with these genetic mechanisms, including DA376252,
BX089737, LOC101927273, LINC01029, LOC101928622,
HY157071, and DA902558.

In summary, through comprehensive review and eval-
uation of the existing studies on relevant IncRNAs in pe-
ripheral blood of SCZ, it can be concluded that these IncR-
NAs may exert a certain influence on the pathogenesis of
SCZ. They may do so through a variety of mechanisms,
such as regulating the expression of genes associated with
inflammatory cytokines and the function of signaling path-
ways that influence glutamatergic and dopaminergic sig-
naling pathways. Additionally, there are studies that re-
veal the abnormal expression of IncRNAs in SCZ, such
as NONHSAT089447, NEAT1, MEG3, GASS, and Gomafu.
Furthermore, a number of IncRNAs have been closely as-
sociated with immune and inflammatory responses in the
SCZ, such as IFNG-AS1, TMEVPGI, and NRON. More-
over, certain signaling pathway-related IncRNAs have cor-
responding effects on the pathogenesis of SCZ, such as
NF-xB signaling pathway-related CHAST and HNFIA-
AS1, VDR-related LINC00511, LINC00346, and SNHGG,
and oxytocin-related LNC-FOXF'I. Additionally, the ex-
pression levels of certain IncRNAs in peripheral blood of
SCZ patients appear to be remarkably altered after receiv-
ing treatment, such as NONHSAT041499, NEATI, NEAT2,
AK123097, ENST00000509804-1, ucOlldma.l, and Go-
mafi. These may serve as prospective therapeutic targets,
or they may be used to assess the prognosis of patients based
on their expression level. Thus, these IncRNAs could be in-
strumental for further comprehension of the pathogenesis of
SCZ and have the potential to act as prospective diagnostic
biomarkers and therapeutic targets. Nevertheless, the cur-
rent application of IncRNAs as diagnostic biomarkers for
SCZ remains at an introductory stage and further studies
are warranted.

2.3 CircRNAs as Potential Biomarkers for Schizophrenia
2.3.1 CircRNAs and Schizophrenia

CircRNAs are a type of single-stranded, ncRNA
molecule that perform diverse functions in cells. They are
generated during retrosplicing of the precursor mRNA and
are covalently enclosed with highly specific expression in
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the cells of numerous organisms [74]. For instance, circR-
NAs can regulate gene expression and chromatin modifi-
cation, moderate transcription and splicing, act as molec-
ular sponges by repressing the interaction of miRNA with
mRNA or proteins, and serve as templates for translation
in several biological and pathophysiological contexts [75].
Studies have also established that there are certain linkages
between circRNAs interfering with cellular processes and
signaling pathways, modulating immune responses, and the
biological mechanisms of multiple conditions, such as tu-
mors [76] and psychiatric disorders [77].

With the continued application of high-throughput se-
quencing technologies, several studies [78,79] have re-
cently been conducted to investigate the biologic functions
of circRNAs in brain and peripheral nervous system. It has
been shown that circRNAs are abundantly expressed in the
nervous system, are remarkably hyperactive in synapses of
neurons, and that the expression of certain genes in the ner-
vous system are regulated by the expression levels of cir-
cRNAs. circRNAs serve critical roles in the maintenance
of proper function of the brain and preventing the progres-
sion of neurological diseases. Accordingly, dysregulation
of circRNA expression may be associated with neurological
damage or neurodegenerative diseases [80]. In a study [81]
that sequenced the RNA molecules in postmortem brain tis-
sue from SCZ and CTL, it was revealed that the expression
of numerous circRNAs was decreased in the brain of SCZ
patients compared to CTLs. The stability of these circRNAs
was also diminished, suggesting these circRNAs might be
playing a vital role in the etiology of SCZ by regulating the
expression of miRNAs or the translation of proteins. Ta-
ble 3 (Ref. [13,82-84]) lists circRNAs with potential as
biomarkers in peripheral blood of SCZ.

2.3.2 Peripheral Blood circRNAs as Potential Biomarkers
for Schizophrenia

While circRNAs are abundantly expressed in the
brain, it is possible that shared pathway alterations or ge-
netic variants that are involved in the etiology of SCZ
are also manifested in the periphery, such as in periph-
eral blood. In an attempt to determine whether circR-
NAs in peripheral blood could function as diagnostic or
therapeutic biomarkers of SCZ, Yao ef al. [82] compara-
tively analyzed the expression of circRNAs in PBMCs of
nine SCZ and nine CTL. They found nine differentially
expressed circRNAs. RT-qPCR in 102 SCZ patients and
103 CTL further validated that the expression levels of
circ_104597, circ_102101, and circ_101836 were remark-
ably down-regulated and circ_ 103102 and circ 103704
were notably up-regulated. The presence of a combina-
tion of the three downregulated circRNAs predicted a rel-
atively high success rate in the diagnosis of SCZ with a
ROC curve of 0.8967. Additionally, it was detected that
circ_104597 was down-regulated before treatment but up-
regulated following eight weeks of treatment. Thus, it was
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Table 2. List of IncRNAs in peripheral blood available as biomarkers of Schizophrenia.

IncRNA Method Sample Direction  Sample size  Year Study
AC079587.1 RNA-seq peripheral blood down 19:18 2015 Ren et al. [56]
CTD-2194F4.2 down

RPI11-146N23.1 down

RP11-383G10.3 down

RP11-698L23.1 down

RPI11-167J8.1 down

RP4-80342.2 up

GAPDHP37 up

RP11-93K22.14 up

CR602933 up

AC093716.1 up

COX6B1PI1 up

AC060764.1 up

RP4-55943.5 up

AC104389.32 up

AC009852.1 up

LOC644246 up

17C39C up

ATP5G2P1 up

RP11-379B18.3 up

RP11-144C15.1 up

POLR2LP up

RPI1-197017.2 up

PPIHP] up

AP004242.2 up

DA376252 GWAS plasma - - 2016 Chen et al. [71]
BX089737

LOC101927273

LINC01029

LOC101928622

HY157071

DA902558

NONHSAT089447  RNA-seq PBMC down 3:3 2016 Chen et al. [60]
NONHSAT041499  qRT-PCR down 106:48

NONHSAT021545

IFNG-AS1 RNA-seq  peripheral blood down 27:32 2017  Ghafelehbashi et al. [57]
Neatl RT-qPCR  peripheral blood down 18:9 2018 Lietal [67]
Neat? down

MEG3 -

MIAT -

TMEVPGI RT-qPCR blood up 17:16 2018 Melbourne et al. [58]
NRON up

MEG3 RNA-seq PBMC up 86:44 2018 Sudhalkar et al. [63]
PINT down

GASS down

Gomafu RNA-seq PBMC up 35:49 2018 Liu et al. [66]
HOXA-AS2 RNA-seq peripheral blood up 60:60 2019 Fallah et al. [62]
Linc-ROR up

MEGS3 up

SPRY4-IT1 up

UCAI up
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Table 2. Continued.

IncRNA Method Sample Direction  Sample size  Year Study
FAS-AS1 RT-gPCR  peripheral blood down 50:50 2019 Safari et al. [64]
PVTI down

TUGI down

THRIL up

GASS -

NEATI -

OIP5-AS1 -

NONHSAT089447 RNA-seq PBMC up 40:40 2019 Chen et al. [61]
PACER RT-gPCR  peripheral blood down 50:50 2020 Safa et al. [68]
CHAST up

CEBPA up

HI9 up

HNF1A4-A4S1 up

ASHG19434011462 RNA-seq peripheral blood up 14:18 2020 Ren et al. [72]
ASHG19434026335 up

ASHG19434049471 down

ASHG19434049556 down

ASHG19434044112 down

BDNF-AS RNA-seq peripheral blood - 50:50 2021 Badrlou et al. [8]
MIRI37HG -

MIAT -

PNKY up

Gomafu RNA-seq plasma up 48:49 2021 Jia et al. [65]
AK096174 down

AK123097 down

DB340248 down

ucO0lldma.l up

ENST00000509804-1 down

ENST00000509804-2 down

AC006129.1 RNA-seq peripheral blood up 151:134 2021 Ni et al. [59]
SNHG6 RNA-seq venous blood up 50:50 2022 Ghafouri-Fard et al. [69]
LINC00346 up

LINC00511 up

LINC00461 RT-qPCR  peripheral blood down 32:48 2022 Rao et al. [55]
LNC-FOXF1 RNA-seq peripheral blood up 60:60 2022 Eghtedarian et al. [70]

GWAS, genome-wide association study.

concluded that circ_104597 might serve as a potential ther-
apeutic biomarker of SCZ.

In 2020, Mahmoudi’s team [13] conducted a study
that analyzed circRNA expression in PBMC from 20
patients with SCZ, 19 patients with bipolar disorder
(BD), and 20 CTL. It was revealed that circTMEM?2,
circEZHI, circKFBPS, and circRARS were downreg-
ulated and that there were interactions between these
circRNAs and miRNAs related to SCZ, such as miR-564
and miR-572. To explore whether circRNAs in plasma
could be potential diagnostic and therapeutic biomarkers
for SCZ, Tan et al.’s [83] research recognized four up-
regulated circRNAs, chr5 69175537 69174877 +660,
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chr3 196488683 196483770 -4913,

chr6_ 130956499 130926605 -29894, and
chr5_143057747 143054439 +3308. With the use
of bioinformatic analysis, these circRNAs were found
to play potential roles in the stress response, histone
ubiquitination, metabolic processes, and other mechanisms
associated with SCZ, suggesting they may have the poten-
tial to become diagnostic circRNAs for SCZ. circRNAs
contain abundant binding sites for miRNAs, which can
control gene expression by binding to miRNA, and could
thereby be involved in the initiation and progression of
SCZ. Liao et al. [84] investigated this potential mecha-
nism of SCZ by constructing a circRNA-miRNA-mRNA
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Table 3. List of circRNAs in peripheral blood available as biomarkers of Schizophrenia.

circRNA Method Sample Direction Sample size Year Study
circ_ 101836 RNA-seq PBMC down 9:9 2019 Yao et al. [82]
circ 102101 RT-gPCR down 102:103

circ_104597 down

circ_103704 up

circ_103102 up

circTMEM?2 RNA-seq PBMC down 20:20 2021 Mahmoudi et al. [13]
circEZH1 qRT-PCR down 21:21

circKFBP8 down

circRARS down

chr3 196488683 196483770 —4913 RNA-seq plasma exosomes  up 5:5 2021 Tan et al. [83]
chr5_69175537 69174877 _+660 qRT-PCR up 6:6

chr5_143057747 143054439 _+3308 up

chr6_130956499_130926605_—29894 up

circ_0003999 RNA-seq peripheral blood down 3:3 2022  Liao et al. [84]
circ_0030042 RT-qPCR down 18:20

network. They determined that circ_0006151/ miR-4685-
3p/ZBTB16, circ_0007963/miR-3127-3p/UBE2K, and
circ_0000008/miR-1976/ZBTB16 were the top three core
competitive endogenous RNA (ceRNA) networks with
essential roles in SCZ.

There are currently few studies on circRNAs in pe-
ripheral blood in SCZ. However, based on the existing stud-
ies, it can be concluded that circRNAs in peripheral blood
may have significant implications for SCZ as they provide
a basis for the molecular mechanisms involved in the de-
velopment and pathogenesis of SCZ. As a result, circRNAs
could be utilized for early diagnosis and treatment of SCZ.

3. Discussion

SCZ is a psychiatric disorder with unknown etiology
[85] that affects approximately 1% of the world’s popula-
tion [86]. Although there are medications [87] which have
proven helpful in alleviating the acute symptoms of SCZ
and impeding its recurrence, the prognosis for many pa-
tients remains unsatisfactory. Consequently, timely detec-
tion, diagnosis, and intervention are crucial to manage the
progression of SCZ and optimize patient outcomes. Since
the current practice of diagnosing SCZ is still highly sub-
jective, it is essential to investigate objective biomarkers for
diagnosis. It is evident from various studies [88,89] that
identifying biomarkers of SCZ in peripheral blood has re-
cently emerged as a promising diagnostic tool. At the tran-
scriptional level, there are numerous studies [89] involv-
ing mRNA as a biomarker for SCZ. However, given the
stability of ncRNA in peripheral blood, and the continu-
ous advancement and application of second-generation se-
quencing technology, ncRNA in peripheral blood has been
considered a potentially innovative biomarker. Identifying
ncRNA using this method has high sensitivity, specificity,
and feasibility in addition to being non-invasive, making it
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a promising method for the diagnosis, prognosis, and treat-
ment of SCZ [1,90]. Accordingly, this review has focused
on three types of ncRNAs (miRNA, IncRNA, and circRNA)
and their potential application as biomarkers for the diag-
nosis or treatment of SCZ in peripheral blood. Through
the comprehensive review of the literature, we have identi-
fied that ncRNAs in peripheral blood exert influence on the
mechanisms involved in the ontogenesis and development
of SCZ.

Studies have confirmed that miRNAs are essential
modulators involved in the regulation of gene expression
[12]. Their role in the maintenance of neurological devel-
opment and the regulation of brain function, aberrantly ex-
pressed miRNAs likely participate in the development of
numerous neuropsychiatric disorders. Through the review
of miRNA-related studies in peripheral blood of SCZ, it has
been discovered that there are certain miRNAs that are aber-
rantly expressed in peripheral blood, including miR-34a,
miR-181b, miR-137, miR-132, miR-195, miR9-5p, miR-
432, miR-7, miR-30e, miR-548d, miR-432, miR-449a, and
let-7, which might be of significance for further understand-
ing into the pathogenesis of SCZ as well as its diagnosis
and treatment. Furthermore, several studies [26,27] have
detected corresponding correlations between aberrantly ex-
pressed miRNAs in peripheral blood and in the brain.

IncRNAs account for a substantial portion of the
total amount of ncRNAs. They can function both in-
dependently and in conjunction with other proteins to
serve numerous biological roles, including regulation
of transcription, mediating the activation of proteins
participating in histone modifications, chromatin re-
modeling, and regulating development of the nervous
system [91]. IncRNAs have been shown to be broadly
expressed in the central nervous system, where they
participate in the regulation of brain development at

&% IMR Press


https://www.imrpress.com

both the transcriptional and post-transcriptional levels
and are closely connected with multiple neuropsychiatric
disorders, including SCZ [92]. Through the review of
studies associated with IncRNAs in peripheral blood of
SCZ, it should be noted that there are specific alterations
in the expression of IncRNAs in peripheral blood sam-
ples of SCZ that may be of essential diagnostic value
for SCZ and may also be predictors of the response to
treatment.  Close associations between certain IncR-
NAs, such as ASHGI19A43A4011462, ASHGI1943A402633,
ASHG1943A4049471, ASHG19434044112,
ASHG1943A4049556, IFNG-AS1, TMEVPGI, and NRON,
in peripheral blood of SCZ patients and pathways in-
volved in immunity and inflammation have been detected.
Meanwhile, studies have also revealed apparent regulatory
relationships between IncRNAs in peripheral blood of
SCZ patients and the transduction of signaling pathways,
such as NONHSAT089447, MEG3, CHAST, LINC00511,
and DA376252. Additionally, it has been determined
that the expression levels of NONHSAT041499, NEATI,
NEAT2, AK123097, ENST00000509804-1, ucOlldma.l,
and Gomafu in peripheral blood of SCZ patients appear
to be altered after treatment. These IncRNAs may have
potential as either promising therapeutic targets or for
prognosis evaluation of patients by their expression level.

circRNAs are also essential constituents of ncRNAs,
which primarily exert their regulatory functions at the post-
transcriptional level and are intimately associated with nu-
merous cellular and biological functions [93]. It has been
shown in the brain that circRNAs are predominantly abun-
dant in synapses and that the aberrant expression of circR-
NAs could be closely associated with the occurrence and
development of neuropsychiatric disorders, such as SCZ
[77]. Tt has been established that circRNAs exhibit high sta-
bility, organizational specificity in peripheral blood, and are
easily detectable. Through the review of relevant studies
on circRNAs in peripheral blood of SCZ, it was noted that
certain circRNAs, such as circRNA_ 104597, circTMEM?2,
circEZH1, circKFBPS, and circRARS, also had aberrant ex-
pression and may have the potential to serve as diagnostic
biomarkers or therapeutic targets for SCZ.

Exploration of the ncRNA expression profile in pe-
ripheral blood of SCZ patients has profound implications
for identifying diagnostic and therapeutic biomarkers as
well as further elucidating SCZ pathogenesis. This could
have additional implications for early detection and diagno-
sis of SCZ, subtype differentiation of SCZ, and prediction
of drug response. This review further elucidates the mecha-
nisms involved in the regulation of gene expression and the
molecular mechanisms of SCZ pathogenesis by further inte-
grating studies related to the analysis of ncRNA expression
profiles in peripheral blood of SCZ. Future studies integrat-
ing mRNA with different types of ncRNA may be of great
significance for the diagnosis and treatment of SCZ, such
as the miRNA-mRNA regulatory network, the circRNA-
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miRNA-mRNA regulatory network, and the ceRNA net-
work. Examination of these pathways would also be of
great value for elucidating the pathogenesis of SCZ.

4. Conclusions

The various types of ncRNAs that are differentially
expressed in peripheral blood of SCZ patients could not
only serve as potential diagnostic biomarkers and thera-
peutic targets for SCZ but could also have significant im-
plications for further understanding the molecular mecha-
nisms involved in the development of SCZ. In particular,
the early diagnostic biomarkers obtained directly from pe-
ripheral blood are of great significance for the timely diag-
nosis and treatment of SCZ.

Nevertheless, relative to mRNA, there are few studies
investigating the function of ncRNAs in various neuropsy-
chiatric disorders and the utilization of ncRNAs as biomark-
ers of SCZ. There are several studies that have identified
ncRNAs that could serve as potential biomarkers in the de-
velopment of SCZ, but the specific mechanisms of these
ncRNAs in the development of SCZ require additional in-
vestigation. Furthermore, the accuracy of diagnosing SCZ
with a single biomarker is still limited, hence, additional ex-
ploration of a combination of multiple potential biomarkers
in peripheral blood may further enhance diagnostic accu-
racy. Finally, clinical trials are required to determine the
potential of ncRNAs obtained during RNA sequencing and
analysis for the clinical diagnosis and treatment for patients
with SCZ.
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