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Abstract. Treatment‑resistant schizophrenia (TRS) is a 
common phenotype of schizophrenia that places a consider-
able burden on patients as well as on society. TRS is known 
for its tendency to relapse and uncontrollable nature, with 
a poor response to antipsychotics other than clozapine. 
Therefore, it is urgent to identify objective biological 
markers, so as to guide its treatment and associated clinical 
work. In the present study, the peripheral blood mononuclear 
cells (PBMCs) of patients with TRS and a healthy control 
group, which were gender‑, age‑ and ethnicity‑matched, 
were subjected to microRNA (miRNA/miR) sequencing 
to screen out the top three miRNAs with the highest fold 
change values. These were then validated in the TRS (n=34) 
and healthy control (n=31) groups by reverse transcrip-
tion‑quantitative PCR. For two of the top three miRNAs, the 
PCR results were in accordance with the sequencing result 
(P<0.01), while the third miRNA exhibited the opposite trend 
(P<0.01). To elucidate the functions of these two miRNAs, 
Homo  sapiens (hsa)‑miR‑218‑5p and hsa‑miR‑1262 and 
their regulatory network, target gene prediction was first 
performed using online TargetScan and Diana‑micro T soft-
ware. Bioinformatics analysis was then performed using 
functional enrichment analysis to determine the Gene 

Ontology terms in the category biological process and the 
Kyoto Encyclopedia of Genes and Genomes pathways. It 
was revealed that these target genes were markedly asso-
ciated with the nervous system and brain function, and it 
was obvious that the differentially expressed miRNAs most 
likely participated in the pathogenesis of TRS. A receiver 
operating characteristic curve was generated to confirm 
the distinct diagnostic value of these two miRNAs. It was 
concluded that aberrantly expressed miRNAs in PMBCs 
may be implicated in the pathogenesis of TRS and may 
serve as specific peripheral blood‑based biomarkers for the 
early diagnosis of TRS.

Introduction

Schizophrenia (SCZ) is a complex and severe psychiatric 
disorder that affects ~1% of the general population worldwide, 
placing a heavy burden on the patients, the patients' family 
and society  (1). Although administration of antipsychotics 
remains the major therapeutic strategy for SCZ, ~ one‑third 
of patients are insensitive to them (2). Patients who only have 
a minor or no response to at least two non‑clozapine drugs 
at adequate doses and treatment cycles are diagnosed with 
treatment‑resistant SCZ (TRS) according to the guidelines 
of the American Psychiatric Association  (3). At present, 
frequent rehospitalization and repeated episodes of symptoms 
in patients with TRS increase the burden on patients and 
their families (4). It is currently thought that a combination 
of environmental and genetic factors is most likely to be the 
major cause of SCZ. However, the precise diagnosis of SCZ 
still only depends on clinical symptoms, without the help 
of sensitive and objective molecular markers. It is therefore 
urgent and necessary to identify sensitive biomarkers for the 
early and accurate diagnosis of SCZ, so that earlier and effec-
tive therapeutic intervention may be provided (5‑7). Nowadays, 
strong evidence from psychiatric clinical studies has indicated 
that environmental factors may result in aberrant gene expres-
sion in the central nervous system (CNS), which may be the 
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major cause of symptom onset (8,9). A study has indicated that 
≥50% of changes in gene expression in the CNS are involved in 
the changes in the expression of the same genes in peripheral 
tissues (10). Since brain tissues, several of which have deeply 
located and complex structures with difficult access, are chal-
lenging to directly investigate, the present study attempted 
to examine and elucidate potential biomarkers for SCZ via 
a number of blood‑derived gene expression analyses (10‑14). 
By using this non‑invasive method, effective peripheral blood 
biomarkers may be discovered that may be considerably helpful 
in promoting earlier TRS diagnosis, as well as enabling the 
concise assessment of treatment response and even precisely 
predicting prognosis.

Recently, increasing attention has been paid to the regu-
latory mechanisms of microRNAs (miRNAs/miRs) (15‑17), 
which are considered to be in charge of gene expression 
monitoring through the inhibition of mRNA translation (18). 
Previous studies have indicated that changes in the expres-
sion of certain mRNAs ref lect parallel changes in the 
CNS  (19) and peripheral blood  (20,21). The notion that 
certain miRNAs may be sensitive biomarkers for SCZ 
has gained much research interest  (22‑27), since altera-
tions in their expression in peripheral blood mononuclear 
cells (PBMCs) may provide valuable clues for the earlier 
and more precise diagnosis and more effective treatment 
of SCZ (28). It is worth noting that abnormally expressed 
miRNAs have been detected in the PBMCs and plasma of 
patients with SCZ. In a recent study, Lai et al  (28) indi-
cated that 7 miRNAs, namely miR‑31, miR‑431, miR‑433, 
miR‑107, miR‑134, miR‑99b and miR‑487b, were down-
regulated in the PBMCs derived from 112 patients with 
mental illness, as compared with those of a control group of 
76 non‑psychotic patients. Of note, the imprinted delta‑like 
homologue 1 and the type III  iodothyronine deiodinase 
(DLK1‑DIO3) region of 14q32 from PBMCs was considered 
an SCZ‑associated miRNA signature (28). In that study, a 
total of 7 differentially expressed miRNAs [Homo sapiens 
(hsa)‑miR‑34a, miR‑449a, miR‑564, miR‑432, miR‑548d, 
miR‑572 and miR‑652] were identified to be closely associ-
ated with emotional retardation, restricted language and 
other neurocognitive dysfunctions in 30 patients with SCZ, 
as compared with 30 controls (28). In another noteworthy 
study, specific miRNA30e in the plasma was identified as 
a biomarker of SCZ diagnosis from the expressed profiles 
of 9 SCZ‑associated miRNAs in PBMCs by means of 
reverse transcription‑quantitative PCR (RT‑qPCR)  (29). 
Subsequently, miR‑130b and miR‑193a‑3p were identified 
as biomarkers for the diagnosis of SCZ by high‑throughput 
sequencing and RT‑qPCR (30). The early growth response 
protein‑1 (EGR1)/miR‑30a‑5p/neurogenic differentiation 1 
(NEUROD1) axis was proposed as a promising biomarker 
for the diagnosis and treatment monitoring of patients 
with SCZ with acute mental states based on RT‑qPCR 
technology (31).

miRNA analysis may therefore be used to effectively 
elucidate the etiology of SCZ and identify potential differ-
ences among mental illnesses with similar but unclear clinical 
symptoms (32). The present study aimed to identify novel 
and specific biomarkers to earlier and more precisely diag-
nose patients with TRS and implement effective therapeutic 

strategies. Second‑generation high‑throughput sequencing 
technology and bioinformatics were used to screen out and 
analyze the top three abnormally expressed miRNAs in 
PBMCs from 6 patients with TRS and 6 healthy controls. 
Next, RT‑qPCR was used to validate the significantly differ-
entially expressed miRNAs in a larger sample of cases and 
healthy controls. The newly identified target genes of the two 
confirmed differentially expressed miRNAs were predicted 
with the online software TargetScan and Diana‑micro T, and 
bioinformatics methods further indicated that these target 
genes were closely associated with functions of the nervous 
system. Finally, these two miRNAs were proposed as diag-
nostic biomarkers for TRS, thereby providing a novel, simple 
and convenient diagnostic tool for this condition.

Materials and methods

Screening and collection of cases. The subjects of the present 
study were divided into two groups, the case group and 
the control group. For the case group, a total of 34 patients 
with TRS (17 males and 17  females) were recruited from 
the Psychiatric inpatient ward of Honghe Second People's 
Hospital and Yuxi Second People's Hospital (Yunnan, China). 
The inclusion criteria were as follows: i) All patients met 
the mental illness criteria outlined in the Diagnostic and 
Statistical Manual Fifth Edition Criteria for SCZ (DSM‑5; 
American Psychiatric Association; 2013) (33); ii) Complete 
clinical data and iii) Voluntary participation in the study. 
These 34 patients were screened by 2 independent experienced 
deputy chief physicians, according to the inclusion criteria. 
The exclusion criteria were conditions such as physical or 
cerebral organic disease, other types of mental illness, drug 
abuse prior to hospitalization, patients who received modified 
electroconvulsive therapy within 3 months from enrollment, 
and patients with a history of blood transfusion within the last 
month.

The control group included 31 healthy individuals with 
no family history of major mental illness recruited at the 
Physical Examination Center of the Sixth Affiliated Hospital 
of Kunming Medical University (Kunming, China). Of the 
31 control individuals, 16 were males and 15 females, all of 
whom had a normal physical examination and psychological 
examination to exclude the presence of SCZ, none of whom 
had suffered any recent adverse life events. The age and sex 
ratio of patients and controls was 2:1.

All included subjects were older than 18 years. According 
to the requirements of the ethics committee, written informed 
consent for the case group was required not only from the 
patient but also one family member/guardian, while for the 
healthy control group, informed consent was provided by 
each subject themselves. The present study was approved 
by the ethics committees of Honghe Second People's 
Hospital (Honghe, Yunnan; approval no. 20190013) and The 
Sixth Affiliated Hospital of Kunming Medical University 
(Yuxi, Yunnan; approval no. 2020kmykdx6h58).

Extraction of PBMCs. Approximately 5 ml peripheral venous 
blood was collected by quick blood sampling from 65 cases 
and processed within 1 h. This procedure was carried out 
according to the manufacturer's protocol (Dakwei Biological 
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Engineering). In brief, fresh whole blood was collected in 
EDTA‑K2 anti‑coagulation tubes and then diluted with an 
equal volume of isotonic solution (normal saline). Subsequently, 
15 ml separation liquid was added to the centrifuge tube. The 
volume ratio of the separation liquid, anticoagulated undiluted 
whole blood and isotonic solution (physiological saline) was 
1:1:1. Next, the sample was centrifuged at 700‑800 x g for 
20‑30 min at room temperature. Between the plasma and 
separation layers was a thin and dense white film. The white 
film layer was carefully pipetted into another centrifuge tube. 
The horizontal rotor was then centrifuged at 250 x g at room 
temperature for 10 min and the supernatant was discarded. 
Washing was repeated 1‑2  times. Finally, 1  ml TRIzol® 
(Invitrogen; Thermo Fisher Scientific, Inc.) was added and the 
sample was mixed. A total of 1.5 ml was added to the labeled 
cryotube. The cryotube was tightly sealed with parafilm and 
stored at ‑80˚C.

RNA extraction and miRNA sequencing. RNA samples were 
harvested from 6  patients with TRS (3  males, 3  females) 
and 6 healthy controls (3 males, 3 females). The patients in 
the experimental groups were age‑matched. Samples were 
delivered to Guangzhou Gidio Biotechnology Co., Ltd. for the 
extraction of small RNA and the construction of small RNA 
libraries. In brief, RNA was extracted using the TRIzol method, 
followed by detection of RNA purity with a NanoDrop 2000 
(Thermo Fisher Scientific, Inc.) and RNA integrity with an 
Agilent  2100 Bioanalyzer (Agilent Technologies GmbH). 
Small RNAs were obtained by gel electrophoresis from 
total RNA, and 5' and 3' ends were joined. RT‑qPCR was 
performed to construct small RNA libraries. Subsequently, the 
constructed libraries were tested for quality and yield using an 
Agilent 2100 and ABI StepOnePlus Real‑Time PCR System 
(Thermo Fisher Scientific, Inc.). An Illumina HiSeq2000 
(Illumina, Inc.) was used for sequencing. All procedures were 
in strict accordance with the manufacturer's protocols (Gidio 
Biotechnology Co., Ltd.)

RT‑qPCR. RT‑qPCR was used to validate the top three 
aberrantly expressed miRNAs in 34  patients with TRS 
and 31 healthy controls. In brief, after total RNA was isolated 
from PBMCs, complementary (c)DNA was synthetized 
using the miRcute Plus miRNA First‑Strand cDNA kit and 
miRcute Plus miRNA qPCR kit (SYBR Green) according 
to the manufacturer's protocol. RT‑qPCR was performed in 
the Quantitative PCR Reaction Amplifier (CFX96 Touch; 
Bio‑Rad Laboratories, Inc.), with the reaction system including 
2X miRcute Plus miRNA Premix (SYBR and ROX), PCR 
forward primer and PCR reverse primer. The primers for three 
miRNAs are summarized in Table SI. Detailed experimental 
instruments and reagents are included in Tables SII and SIII. 
h‑actin for miRNA was applied to normalize the results. 
The expression levels of miRNAs were calculated using the 
2‑ΔΔCq method (34). All RT‑qPCR validation procedures were 
performed by Wuhan Genecreate Biological Engineering Co., 
Ltd.

miRNA target gene prediction and bioinformatics analysis. 
TargetScan release 7.2 (http://www.targetscan.org/)  (35) 
and Diana‑microT v5.0 (http://diana.imis.athena‑innovation.

gr/DianaTools/index.php?r=microT_CDS/index) (36), which 
are two major and widely accepted open databases, were 
used to predict the target genes of the significantly differ-
entially expressed miRNAs. Subsequently, the target genes 
obtained from the two databases were intersected and 
underwent further GO and Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathway enrichment analysis. GO anno-
tation and KEGG enrichment analysis of the target genes 
were performed using the OmicShare tools (37), a free online 
platform for data analysis (http://www.omicshare.com/tools). 
The GO project covers three classical domains, namely 
biological process (BP), cellular component and molecular 
function. The KEGG is a database that integrates genome, 
chemistry, and system function information, and aims to 
reveal the genetic and chemical blueprint of biological 
phenomena. P<0.05 was considered to indicate a statistically 
significant result. The data were analyzed and obtained using 
the OmicShare cloud platform (https://www.omicshare.
com/).

Sta t is t ica l  analysis.  SPSS  22 ( IBM Cor p.)  and 
GraphPad Prism 7.0 (GraphPad Software, Inc.) were used for 
data analysis. The χ2 test for the qualitative variables and the 
t‑test for the quantitative variables were respectively used for 
the demographic analysis of the case and control groups. The 
Mann‑Whitney U test was used to compare the differential 
expression levels of miRNAs. Receiver operating character-
istic (ROC) curve analysis was used to assess the area under 
the curve (AUC). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

Demographic data of the subjects. All subjects were Han 
Chinese. The mean age (mean ± standard deviation) of TRS 
cases and controls was 41.82±11.414 and 37.06±11.363 years, 
respectively. There were no significant differences in terms 
of age or sex between the cases and healthy controls (Table I).

miRNA expression profile analysis. Analysis of the miRNA 
sequencing data revealed that a total of 34 miRNAs were 
significantly differentially expressed in the 6 cases of TRS 
as compared with the 6 controls (|log2 (fold change)|>1; 
P<0.05). Among the six miRNAs with significantly differen-
tial expression, two were markedly downregulated and four 

Table I. Demographic data of the cases and healthy controls.

Item	C ases (n=34)	C ontrols (n=31)	 P‑valuea

Sex			   0.897
  Male	 17 (50.0)	 16 (51.6)	
  Female	 17 (50.0)	 15 (48.4)	
Age (years)	 41.82±11.414	 37.06±11.363	 0.956

Values are expressed as n (%) or the mean  ±  standard deviation. 
aA t‑test was performed for quantitative variables and a χ2 test was 
performed for categorical variables.
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were upregulated (Table II). A heat map was constructed to 
display the differential hierarchical clustering distribution 
between TRS and control samples (Fig. 1).

RT‑qPCR validation. The three miRNAs (hsa‑miR‑1262, 
hsa‑miR‑1304‑3p and hsa‑miR‑218‑5p) with the highest 
log2FC values (|log2FC|>4) were verified in 34 TRS cases 
and 31  controls by RT‑qPCR. Of these three miRNAs, 
hsa‑miR‑218‑5p and hsa‑miR‑1262 were markedly upregu-
lated according to the next‑generation sequencing results, 
while hsa‑miR‑1304‑3p was markedly downregulated. 
The RT‑qPCR results indicated that the expression of 
hsa‑miR‑218‑5p and hsa‑miR‑1262 in the TRS cases 
was markedly higher than that in the controls, which was 

consistent with the sequencing results (P<0.01). However, 
the expression of hsa‑miR‑1304‑3p in the TRS cases was 
also markedly higher than that in the controls, which was 
inconsistent with the sequencing results (P<0.01; Fig. 2).

Prediction of miRNA target genes. By using two publicly 
available and widely accepted miRNA target gene predic-
tion databases, TargetScan and Diana‑micro T, the target 
genes of hsa‑miR‑218‑5p and hsa‑miR‑1262 were predicted 
(Fig. 3A and B, respectively). For hsa‑miR‑218‑5p, 187 target 
genes were predicted, while for hsa‑miR‑1262 had only 
51  target genes were obtained. Next, a miRNA‑gene 
co‑expression network was generated to summarize the 
interaction between miRNAs and target genes (Fig. 4).

Table II. Differentially expressed miRNAs in peripheral blood mononuclear cells from cases vs. healthy controls.

miRNA	L og2FC	 P‑value	D irection of change

hsa‑miR‑1185‑1‑3p	 1.38018786	 0.014888805	U p
hsa‑miR‑1185‑5p	 2.055813817	 0.01030376	U p
hsa‑miR‑1197	 1.669823494	 0.003827819	U p
hsa‑miR‑1262	 4.449671416	 0.01862468	U p
hsa‑miR‑127‑5p	 1.663957827	 0.010180048	U p
hsa‑miR‑1304‑3p	‑ 7.019942788	 0.004047489	D own
hsa‑miR‑136‑3p	 1.536408035	 0.010754284	U p
hsa‑miR‑154‑3p	 2.635532322	 0.001485503	U p
hsa‑miR‑181b‑3p	 2.399752284	 0.037210273	U p
hsa‑miR‑218‑5p	 4.289711531	 0.046989353	U p
hsa‑miR‑3653‑3p	‑ 3.106775941	 0.031498569	D own
hsa‑miR‑369‑3p	 1.219176104	 0.035538469	U p
hsa‑miR‑370‑3p	 1.383232956	 0.034880938	U p
hsa‑miR‑376a‑3p	 1.265825554	 0.041422801	U p
hsa‑miR‑376c‑3p	 1.281059616	 0.019343549	U p
hsa‑miR‑377‑3p	 1.68135408	 0.004843865	U p
hsa‑miR‑379‑3p	 1.33354957	 0.02582764	U p
hsa‑miR‑382‑5p	 1.164588341	 0.042177088	U p
hsa‑miR‑409‑3p	 1.215682697	 0.031732848	U p
hsa‑miR‑409‑5p	 1.33800193	 0.02587475	U p
hsa‑miR‑410‑3p	 1.144646395	 0.04797714	U p
hsa‑miR‑411‑3p	 1.188991694	 0.049323611	U p
hsa‑miR‑431‑3p	 1.433665135	 0.037350442	U p
hsa‑miR‑431‑5p	 1.703040789	 0.003189292	U p
hsa‑miR‑432‑5p	 1.265157654	 0.035781474	U p
hsa‑miR‑485‑3p	 1.118394154	 0.046032191	U p
hsa‑miR‑490‑3p	 1.792169025	 0.040858315	U p
hsa‑miR‑493‑5p	 1.499534768	 0.008400669	U p
hsa‑miR‑539‑3p	 1.558249279	 0.010618161	U p
hsa‑miR‑543	 1.112920365	 0.044806101	U p
hsa‑miR‑654‑5p	 1.433656533	 0.014340331	U p
hsa‑miR‑655‑3p	 1.943235022	 0.013931082	U p
hsa‑miR‑6810‑3p	 2.183414515	 0.042813132	U p
hsa‑miR‑758‑3p	 1.339956277	 0.01416857	U p

FC, fold change; miRNA/miR, microRNA; hsa, Homo sapiens.
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GO and pathway enrichment analysis. Target genes of these 
two miRNAs were enriched by GO annotation and KEGG 
analysis. The results for the top 20 GO terms enriched by the 
target genes of hsa‑miR‑218‑5p are presented in Fig. 5A. In 
the GO category BP, the target genes of hsa‑miR‑218‑5p were 
prominently involved in various physiological and pathophysi-
ological processes, including nervous system development, 
generation of neurons, cell morphogenesis regarding neuron 
differentiation, synapse organization, neuron projection 

morphogenesis and neuron differentiation. BP terms associ-
ated with brain development and function are presented in 
Table III . KEGG pathway analysis for the target genes of 
hsa‑miR‑218‑5p indicated a significant enrichment in several 
important pathways including the PI3K/Akt, dopaminergic 
synapse and AMPK signaling pathways, as well as the Hippo 
signaling pathway‑multiple species (Fig. 5B).

In the category BP, the GO analysis for the target genes 
of hsa‑miR‑1262 revealed their close association with BP 
regulation, biological regulation, cellular process regulation 
and cellular protein modification process (Fig. 5C). BP terms 
closely associated with brain development and function are 
presented in Table IV. KEGG pathway analysis for the target 
genes of hsa‑miR‑1262 indicated an obvious enrichment in 
crucial pathways, such as nonhomologous end‑joining dopa-
minergic synapse oocyte meiosis and adrenergic signaling in 
cardiomyocytes (Fig. 5D).

Diagnostic evaluation of hsa‑miR‑218‑5p and hsa‑miR‑1262. 
ROC curve analysis was performed to demonstrate the 
potential of the expression levels of the 2 miRNAs confirmed 
by RT‑qPCR as biomarkers for distinguishing patients 
with TRS from healthy controls. As displayed in Fig. 6, the 
AUC for hsa‑miR‑218‑5p was 0.80 (95% CI, 0.7301‑0.8604; 
P<0.01; Fig. 6A), the best cutoff value was 0.62 (specificity, 
0.826; sensitivity, 0.794).The AUC for hsa‑miR‑1262 was 0.69 
(95% CI, 0.6129‑0.7669; P<0.01; Fig. 6B), the best cutoff value 
was 0.47 (specificity, 0.828; sensitivity, 0.637). The AUC for 
the combination of the 2 miRNAs was able to clearly distin-
guish patients with TRS from healthy controls with an AUC 
of 0.7501 (95% CI, 0.7005‑0.7998; P<0.01; Fig. 6C), the best 
cutoff value was 0.51 (specificity, 0.801; sensitivity, 0.711).

Discussion

TRS accounts for 30% of all cases of SCZ (38). Due to its 
refractory and complex nature, TRS is a unique and severe 
phenotype of SCZ and places a burden on the patients' family 
and society  (39). Therefore, precision medicine for this 
particular type of SCZ requires to be urgently implemented in 
the clinic. Although precision medicine is a novel healthcare 
discipline (40) that gives priority to the unique characteristics 
of specific patients (41), its use in psychiatry is still lagging 
compared with other medical fields, since it relies on neuroim-
aging and/or biological technology to provide a benefit (42,43). 
Several studies have made outstanding contributions to 

Figure 1. Heat map of 34 differentially expressed miRNAs between 6 cases 
of TRS and 6 controls. The columns display miRNA species and the rows 
individual samples. The color labels of each cell represent the expression 
level of miRNAs. Red represents upregulation and blue downregulation. Con, 
control; TRS, treatment‑resistant schizophrenia; miRNA/miR, microRNA; 
hsa, Homo sapiens.

Figure 2. Reverse transcription‑quantitative PCR was performed to verify 
the expression of miRNAs from peripheral blood mononuclear cells in a 
large sample (TRS, n=34; control, n=31). miRNA levels are normalized to 
H‑actin. GraphPad Prism 7 was used to plot the data and the Mann‑Whitney 
U‑test was performed and analyze significant differences. Data are presented 
as the mean ± SD. TRS, treatment‑resistant schizophrenia; miRNA/miR, 
microRNA; hsa, Homo sapiens.

Figure 3. Venn diagram of genes from three miRNA target prediction 
datasets. Target genes of (A)  hsa‑miR‑218‑5p and (B)  hsa‑miR‑1262. 
miRNA/miR, microRNA; hsa, Homo sapiens.
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Figure 4. miRNA‑gene co‑expression network. Red represents the miRNA and blue represents the targets. miRNA/miR, microRNA; hsa, Homo sapiens.

Figure 5. GO annotation and KEGG analysis of target genes of hsa‑miR‑218‑5p and hsa‑miR‑1262. (A) Top 20 GO terms in the categories BB, CC and MF of 
the target genes of hsa‑miR‑218‑5p (P<0.05). (B) A total of 14 statistically significantly enriched KEGG pathways were identified (P<0.05). (C) Top 20 GO 
terms (BB, CC and MF) of the target genes of hsa‑miR‑1262 (P<0.05). (D) A total of four statistically significantly enriched KEGG pathways are presented 
(P<0.05). GO, Gene Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes; BP, Biological Process; CC, Cellular Component; MF, Molecular Function; 
miRNA/miR, microRNA; hsa, Homo sapiens.
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Table III. Top 20 enriched GO Biological Process terms associated with brain development and functions of hsa‑miR‑218‑5p 
target genes.

GO ID	 GO term	N umber of enriched genes	 P‑value

GO:0007399	N ervous system development	 46	 3.79x10‑7

GO:0048699	 Generation of neurons	 34	 7.75x10‑7

GO:0048667	C ell morphogenesis involved in neuron differentiation	 19	 1.15x10‑6

GO:0050808	 Synapse organization	 16	 1.34x10‑6

GO:0048812	N euron projection morphogenesis	 20	 1.40x10‑6

GO:0030182	N euron differentiation	 31	 1.73x10‑6

GO:0031175	N euron projection development	 25	 2.26x10‑6

GO:0048666	N euron development	 27	 2.52x10‑6

GO:0099173	 Postsynapse organization	 10	 2.78x10‑6

GO:0022008	N eurogenesis	 34	 3.36x10‑6

GO:0050767	R egulation of neurogenesis	 22	 5.84x10‑6

GO:0045664	R egulation of neuron differentiation	 19	 7.09x10‑6

GO:0050773	R egulation of dendrite development	 9	 8.09x10‑6

GO:0048523	N egative regulation of cellular process	 72	 1.06x10‑5

GO:0016358	D endrite development	 11	 1.08x10‑5

GO:0060996	D endritic spine development	 7	 2.48x10‑5

GO:0050807	R egulation of synapse organization	 10	 4.98x10‑5

GO:0060998	R egulation of dendritic spine development	 6	 5.14x10‑5

GO:0099504	 Synaptic vesicle cycle	 9	 6.40x10‑5

GO:0050803	R egulation of synapse structure or activity	 10	 6.76x10‑5

GO, gene ontology; miR, microRNA; hsa, Homo sapiens.

Table IV. Top 20 enriched GO Biological Process terms associated with brain development and functions of hsa‑miR‑1262 target 
genes.

GO ID	 GO term	N umber of enriched genes	 P‑value

GO:0045196	E stablishment or maintenance of neuroblast polarity	 1	 0.006
GO:0045200	E stablishment of neuroblast polarity	 1	 0.007
GO:0055059	A symmetric neuroblast division	 1	 0.014
GO:0022008	N eurogenesis	 9	 0.014
GO:0048812	N euron projection morphogenesis	 5	 0.018
GO:0031630	R egulation of synaptic vesicle fusion to presynaptic	 1	 0.018
	 active zone membrane
GO:2000465	R egulation of glycogen (starch) synthase activity	 1	 0.021
GO:0007399	N ervous system development	 11	 0.024
GO:0007611	L earning or memory	 3	 0.025
GO:2001223	N egative regulation of neuron migration	 1	 0.027
GO:0048699	 Generation of neurons	 8	 0.028
GO:0031175	N euron projection development	 6	 0.029
GO:1990403	E mbryonic brain development	 1	 0.030
GO:0036445	N euronal stem cell division	 1	 0.032
GO:0055057	N euroblast division	 1	 0.032
GO:0007613	 Memory	 2	 0.033
GO:0007272	E nsheathment of neurons	 2	 0.038
GO:0050890	C ognition	 3	 0.039
GO:0016082	 Synaptic vesicle priming	 1	 0.043
GO:0030182	N euron differentiation	 7	 0.043

GO, gene ontology; miR, microRNA; hsa, Homo sapiens.
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the development of precise psychiatric medical treatments. 
The ENIGMA‑Diffusion Tensor Imaging working group 
confirmed that the normal variation of human white matter 
is genetically associated with mental, neurological and 
developmental disorders (44,45). The ENIGMA consortium 
performed a meta‑analysis of 760 patients with SCZ and 957 
healthy participants and revealed that the cognitive function 
of patients with SCZ is associated with the connectivity of the 
overall brain structure (46). Another study indicated that anti-
psychotic drugs resulted in an acute extrapyramidal response 
in the body by acting on two single nucleotide polymorphisms 
(SNPs; rs938112 and rs2987902) of two genes (LSMAP and 
ABL1) and destroying the binding sites of key transcription 
factors  (47), LSAMP is an adhesion molecule of neuronal 
cells that participates in Neurogenesis, neurite outgrowth and 
plasticity (48), Abelson non‑receptor tyrosine kinase (ABL1) 
is related to neurodegenerative diseases such as Parkinson's 
disease (48); the schizophrenia genomics platform is able to 
further elucidate the pathogenesis of SCZ (49) and provide 
therapeutic prospects for personalized therapy (50).

It is well known that the therapeutic effect of antipsychotic 
drugs is mainly exerted through the blocking of dopamine D2 
receptor and/or the serotonin type 2A receptor to reduce 
dopaminergic neurotransmission in the limbic midbrain. 
However, even though the molecular targets of psychotropic 
drugs have remained to be fully elucidated, several psycho-
tropic drugs used in the clinic still comprise the cornerstone 
of psychosis treatment. Furthermore, clozapine is the only 
evidence‑based treatment for TRS (51,52), with 60‑70% of 
patients reporting relief of their symptoms following this treat-
ment (53); however, at present, there are no evidence‑based 
pharmacotherapies for the remaining 30% of TRS patients 
who are not responsive to clozapine  (54). Therefore, it is 
important to maximize the effectiveness of the drug through 
personalized treatment (55). The aim of pharmacogenomics 
(PGx) is to study how genes control the pharmacokinetics 
and pharmacodynamics of drugs (56). The concept may be 
used interchangeably with pharmacogenetics: A specific 
gene or group of genes may affect the patient's response to 
drugs. Ongoing randomized controlled trials have evalu-
ated the clinical utility of PGx testing on antipsychotics in 
patients with SCZ to probe the association between genes 
and drugs on SCZ (trial registration nos. NCT02573168 and 
NCT02566057). Furthermore, the feasibility of genome‑wide 
association studies, determination of polygenic risk scores 
and epigenetics of DNA methylation may render PGx more 
suitable for clinical research (57).

Based on the above concepts of precision medicine and 
PGx, even the application of epigenetics in SCZ research (58), 
combined with the fact that TRS is a highly heritable mental 
disorder and its heritability is markedly stronger than that of 
drug‑responsive SCZ (59) the aim of the present study was 
to explore more sensitive treatment targets for TRS. Multiple 
studies have indicated that changes in cells and molecules 
in the brain may be relatively reflected by changes in the 
transcription in PBMCs (60‑62), which may possess conjunct 
miRNA expression patterns with the brain (63). A previous 
study suggested that overexpressed miR‑223 directly acts on 
mRNAs in plasma by the method of RT‑qPCR and luciferase 
assay, revealing that it may be involved in the pathogenesis 
of SCZ  (64). miR‑30e, miR‑181b, miR‑34a, miR‑346 and 
miR‑7 in plasma may be useful non‑invasive biomarkers 
for the diagnosis of SCZ, miR‑132, miR‑181b, miR‑30e and 
miR‑432 in plasma may be the improvement of symptoms 
in patients with SCZ, revealing potential indicators of their 
prognosis (65). Therefore, we can speculate that the abnormal 
expression levels of certain miRNAs in plasma may directly 
reflect the gene expression in the brain. Whether the expres-
sion of miRNA in PBMC is indirectly related to the expression 
of genes in the brain and the permeability of the blood‑brain 
barrier of miRNAs need to be further studied. Fortunately, 
certain studies have confirmed the value of abnormally 
expressed miRNAs in the peripheral blood as biomarkers for 
SCZ (66,67). Therefore, this novel, simple and simultaneously 
much cheaper strategy was explored by miRNA sequencing 
data analysis in the MCs derived from the peripheral blood 
of patients with TRS. With the assistance of bioinformatics 
analysis and RT‑qPCR for validation, two biomarkers, 
hsa‑miR‑1262 and hsa‑miR‑218‑5p, were first identified for 
the diagnosis of TRS, which exhibited significant alterations 
in patients with TRS, as compared with healthy controls. 
As there are no reports of these 2 miRNAs being associated 
with SCZ or other psychiatric diseases, hsa‑miR‑218‑5p and 
hsa‑miR‑1262 underwent target gene predictions to provide 
further insight into the function of these two miRNAs using 
not only the TargetScan and Diana‑microT online databases, 
but also GO and KEGG pathway analysis along with bioin-
formatics methods. The functions of these two miRNAs were 
indicated to be closely associated with brain development and 
function, including processes such as nervous system develop-
ment, neuronal generation, neurogenesis and synapse function, 
and they were also mainly involved in dopaminergic synapses, 
Hippo signaling pathway‑multiple species and GABAergic 
synapses, as demonstrated by KEGG analysis. Of note, certain 

Figure 6. Diagnostic evaluation of 2 miRNAs. ROC curves of (A) hsa-miR-218-5P and (B) hsa-miR-1262, and (C) their combined ROC curve. ROC, receiver 
operating characteristic; AUC, area under the curve; miRNA/miR, microRNA; hsa, Homo sapiens.
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studies on TRS candidate genes have focused on the dopami-
nergic and serotoninergic systems (68‑72). SCZ is a complex 
disease that may be of neurodevelopmental origin and is char-
acterized by abnormal synaptic plasticity at the cortical and 
subcortical levels, abnormal regulation of neurotransmitters 
(including dopamine, glutamate and serotonin) and abnormal 
signaling (73‑75). Therefore, the ROC curve analysis reflected 
improved ability to differentiate patients with TRS from 
healthy controls (AUC value, 0.7501; 95% CI, 0.7005‑0.7998; 
specificity, 0.801; sensitivity, 0.711) in the present study, 
hsa‑miR‑218‑5p and hsa‑miR‑1262, which have a critical role 
in the pathophysiological changes of TRS, were indicated to 
be promising sensitive biomarkers for TRS diagnosis, therapy 
and prediction.

The miRNA‑gene network analysis of the present study 
indicated that there were three genes, namely, RNF165, CBX5, 
and CACUL1 targeted by the 2 miRNAs. Among these three 
genes, the identification of ring finger protein RNF165 was 
in accordance with previous studies, in which it was identi-
fied as a good candidate for SCZ diagnosis. In the study by 
Pickard et al (76), five key genes, including TTMA, TCF4, 
DLGAP1, ARKL1 and ARKL2, were confirmed as biomarkers 
for SCZ diagnosis. Along with the development of SCZ 
gene diagnosis, more biomarkers were gradually identified, 
including CBX5 (also termed HP1), which serves as a platform 
for other repressive proteins, such as DNA methyltransferases, 
and has been indicated to have a role in the functioning of 
dopamine neurons and the construction of memory as a 
member of heterochromatin in the brain. In addition, recently 
identified CACUL1, also known as CAC1 and C10orf46, is a 
novel gene of the cullin family that was reported to promote 
cell proliferation in a gastric cancer cell line (77), serves as 
a potential antitumor target in prostate cancer (78), promotes 
the proliferation of human lung cancer  (79) and has an 
important role in protecting cells from Aβ toxicity and oxida-
tive stress in the hippocampus of patients with Alzheimer's 
disease  (80). The Pharmacogenomics Knowledgebase 
(PharmGKB) may provide candidate antipsychotic drug 
target genes for research (81). A drug‑gene interaction study 
indicated that the rs6313 position of the serotonin receptor 
gene HTR2A has a regulatory mechanism involving risperi-
done and olanzapine in SCZ (82). Another study indicated that 
gene variation of GABRB1 may be significantly associated 
with the antipsychotic drug dose (83). A strong connection 
has been reported between genetic polymorphisms (in the 
HSPG2, CNR1, DPP6 and SLC18A2 genes) and antipsy-
chotic drugs, and even the side effects of these drugs (84). 
Another study identified 12 SNPs from 143 genes of 79 Han 
Chinese patients with SCZ via HaloPlex technology, with 
2/12 SNPs determined to be significantly associated with the 
response to olanzapine, using the MassARRAY platform in 
two independent cohorts (85). Other studies confirmed that 
the effectiveness of antipsychotic drugs is closely associ-
ated with the variation of drug target genes in patients with 
TRS (86‑89). Although these three genes (RNF165, CBX5 
and CACUL1) have not been reported in the PharmGKB to 
interact with medicines, the above information may be useful 
for future drug research.

In conclusion, in the present study, a simple, fast and effec-
tive strategy, mainly based on the detection of the expression 

of the top three miRNAs in peripheral blood MCs, was 
applied. hsa‑miR‑218‑5p and hsa‑miR‑1262 were proposed 
as two major biomarkers for earlier and more precise 
diagnosis of TRS, shedding new light on the development 
of both gene‑based diagnosis and treatment. However, the 
present study had certain limitations. First, the sample size 
of the study was small. Furthermore, limitations regarding 
the diagnostic accuracy may lead to misdiagnosis of certain 
samples. For example, the AUC value in ROC analysis was 
not very high, and there may be false positives and false 
negatives. Another limitation of this study is that the inclu-
sion criteria were not designed to tell apart patients with 
normal schizophrenia that may respond to treatment from 
those with TRS. Finally, although the two target genes were 
confirmed in a relatively large cohort, there was a lack of 
functional verification, such as gene knockout experiments. 
In the future, studies with larger samples and a multi‑center 
design are required to further verify the present results.
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