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Abstract 

Background  Autism spectrum disorder (ASD) is a complex neurological disability with multifactorial etiology. ASD 
is described by behavior, speech, language, and communication defects. CircRNA is a type of ceRNA that plays 
an important role in modulating microRNAs (miRNA) in several disorders. However, the potential role of the circRNA/
miRNA/mRNA regulatory network in the pathogenesis of ASD is not fully understood. Therefore, this study aimed 
to create a circRNA/miRNA/mRNA network associated with ASD to cast light on the pathogenesis of ASD.

Methods  CircRNA expression profile data were recruited from Gene Expression Omnibus datasets, and the differen-
tially expressed circRNAs (DEcircRNAs) were identified. Then, miRNAs modulated by these circRNAs were predicted 
and overlapped with differentially expressed miRNAs. Next, the potentially involved genes were identified by overlap-
ping predicted targets, and differentially expressed genes. The enrichment analysis was performed, and a PPI net-
work was projected. Subsequently, ten key genes were selected from the network. Furthermore, a circRNA/miRNA/
mRNA regulatory network was constructed, and probable molecules and drugs with potential anti-ASD effects were 
predicted.

Results  11 DEcircRNAs and 8 miRNAs regulated by 4 circRNAs were identified as being significantly involved. Subse-
quently, gene enrichment analysis of 71 overlapped mRNA regulated by these miRNAs showed that they are mostly 
associated with hippocampal synaptogenesis, neurogenesis, and axon guidance. Additionally, two high-score com-
pounds, GSK3β inhibitor (SB216763) and dexamethasone, and three drugs (haloperidol, nystatin, paroxetine) were 
confirmed as potential therapeutic options for ASD.

Conclusion  The results of this study may help gain deeper insight into the pathogenesis of the circRNA/miRNA/
mRNA regulatory network in ASD, providing potential therapeutic management options.

Keywords  Autism, CircRNA, miRNA, Regulatory network, Integrated analysis

Open Access

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by/4.0/.

Egyptian Journal of Medical
Human Genetics

*Correspondence:
Somayeh Reiisi
s.reiisi@yahoo.com; s.reiisi@sku.ac.ir
Najmeh Nezamabadi Pour
nezamp@yahoo.com
Full list of author information is available at the end of the article

http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43042-024-00527-0&domain=pdf


Page 2 of 12Reiisi et al. Egyptian Journal of Medical Human Genetics           (2024) 25:59 

Introduction
Autism spectrum disorder (ASD), commonly known as 
autism, is a common, highly heritable, heterogeneous 
neurodevelopmental disorder with underlying 
cognitive properties [1]. The incidence of this complex 
neurobehavioral disorder has increased vastly in recent 
years. This disease is not limited to race, ethnicity, 
or specific geographical regions. Autism is 4 times 
more prevalent in boys than girls [2, 3]. Based on the 
Diagnostic and Statistical Manual of Mental Disorders 
(DSM), autistic patients are classified into four groups: 
Asperger’s syndrome (AS) in which the affected 
individuals show the mildest symptoms, have normal 
intelligence, and can live a relatively normal social life; 
Pervasive developmental disorder in which the affected 
individuals display more severe symptoms; Real autistic 
patients lie almost in the middle of the spectrum; 
Dissociative Identity Disorder (DID) in childhood in 
which the affected individuals have the most severe 
symptoms. These children have normal development 
until the age of 2, however they later undergo a sudden 
significant regression in many aspects, including social 
communication, speech, and learning skills [4, 5]. ASD 
is characterized by altered early brain development 
and neural reorganization. However, due to the lack of 
suitable biomarkers, diagnosis is based on behavioral 
observations. Non-coding RNAs (ncRNAs) and related 
genes have been suggested as beneficial biomarkers in 
the diagnosis of many neurodevelopmental disorders 
[6–8]. The ncRNA transcripts are highly conserved and 
involved in the regulation of gene expression [9]. Based 
on their length, ncRNAs are classified into two classes, 
including small noncoding RNAs (sncRNA) and long 
noncoding RNAs (lncRNAs). microRNAs (miRNAs) 
and circular RNAs (circRNAs) belong to the first and 
second groups, respectively [10, 11]. miRNAs are small 
noncoding sequences (mostly 19–24 nucleotides in 
length) that negatively regulate gene expression after 
transcription through binding to the target mRNAs 
[12]. Many studies have proven that Some miRNAs 
are involved in ASD etiology, and altered level of these 
molecules in the cerebral neurons leads to changes in the 
expression of the target genes [13]. CircRNAs are a type 
of non-coding RNA with a circular structure and a length 
of more than 200 nucleotides. Numerous studies have 
shown that circRNAs are vital gene regulators expressed 
widely in different tissues and specific developmental 
stages [14]. Some of these RNA molecules are highly 
conserved among different species. Binding to miRNA 
and acting as a sponge, circRNAs play a significant 
role in the regulation of miRNAs’ target genes [15, 16]. 
CircRNAs are highly expressed in the mammalian brain 
compared to other tissues. These molecules are also 

involved in various processes, including neurogenesis, 
synaptogenesis, and neuronal development [17].

Thus, these ncRNAs are concluded to play functional 
roles in neuron development and related diseases. In the 
present study, some circRNAs, miRNAs, involved genes, 
and their potential regulatory mechanisms in ASD have 
been studied using bioinformatics analysis. Figure 1 pre-
sents the flowchart of work. First, circRNAs, miRNAs, 
and differentially expressed genes were obtained from the 
Gene Expression Omnibus (GEO) database. After identi-
fying the role of each group, enrichment analysis, and the 
Regulatory Network Enrichment Analysis tool were used 
to find the key genes in these pathways. Finally, the inter-
actions of drugs with the hub genes were investigated to 
suggest possible therapeutic choices for ASD.

Material and method
Microarray data collection
To obtain the circRNA expression datasets, the following 
keywords were searched in the GEO database: ‘Autism 
spectrum disorder’, ‘children’ and ‘Homo sapiens’ [porgn: 
txid9606], and ‘Expression profiling by array.’ three GSE 
profiles (GSE200197, GSE67979, and GSE6575) were 
selected and downloaded. GSE200197, GSE67979, and 
GSE6575 were based on GPL28148 (Agilent-084217 
CapitalBio Technology Human CircRNA Array v2), 
GPL20058 (RIBOBIO human 12K v1. 0), and GPL570 
[(HG‑U133_Plus_2) Affymetrix Human Genome 
U133 Plus 2.0 Array], respectively. The array data for 
GSE200197, GSE6575, and GSE67979, consisted of 4 
ASD vs. 4 typically development (TD) controls, 5 ASD 
patients vs. 5 controls, and 14 ASD vs. 12 typically 
development controls, respectively. In GSE6575 datasets, 
non-ASD samples were excluded from the analysis.

Differentially expression identification
Limma, a Bioconductor package in R software, was 
implemented to identify the differentially expressed 
circRNAs (DEcircRNAs), miRNAs (DEmiRNAs), and 
Genes (DEGs) between ASD and healthy control. The 
log-fold change (FC) in expression and p value (P) were 
calculated. The p value < 0.05 and |logFC|> 2.0 were 
considered statistically significant for DEcircRNAs, 
and p value < 0.05 and |logFC|> 0.5 were considered 
for DEmiRNAs and DEGs, applying the Benjamini–
Hochberg (BH) technique [18]. The overlapping miRNA 
and genes were examined using the Venn diagram 
web tool. Visual hierarchical cluster analysis was also 
conducted to present the volcano plots of DEcircRNAs, 
DEmiRNAs, and DEGs.
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Prediction of miRNA response elements
The Circular RNA Interactome (CircInteractome) and 
cancer-specific circRNAs database (CSCD, https://​
gb.​whu.​edu.​cn/​CSCD) were used to predict the target 
miRNA response element (MRE) sites and RNA 
binding protein (RBP) sites for each DEcircRNAs. 

DIANA-miRPath v3.0 (https://​www.​micro​rna.​gr/​
miRPa​thv3) is an online database to assess miRNAs 
regulatory roles and estimate the related regulation 
pathways. Overlapped miRNAs of the DEmiRNAs and 
miRNAs in MRE positions were projected as potential 
target miRNAs of the DEcircRNAs. DIANA-miRPath 
also predicted the function of the overlapped miRNA. 

Fig. 1  Flowchart of current study about creating a circRNA/miRNA/mRNA network and forecasting potential therapeutic management for ASD

https://gb.whu.edu.cn/CSCD
https://gb.whu.edu.cn/CSCD
https://www.microrna.gr/miRPathv3
https://www.microrna.gr/miRPathv3
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The overlapped miRNAs were then selected for further 
target predictions.

Prediction of miRNA targets
miRNA–gene interactions were predicted using 
Integrated Target Prediction of miRNA MiRWalk 3.0 
software (http://​mirwa​lk.​umm.​uni-​heide​lberg.​de/), 
miRmap [19], and TargetScan [20], which identify 
miRNAs binding sites within the complete gene 
sequence. All overlapped genes in three databases 
were selected and intersected with the DEGs to obtain 
candidate target genes.

The circRNA–miRNA–mRNA regulatory network
DEcircRNAs, interactions DEmiRNAs, and interactions 
DEGs were selected to establish a circRNA–miRNA–
mRNA regulatory network. Cytoscape 3.9.1 version was 
used to present this network.

Enrichment analysis
The Metascape database (http://​metas​cape.​org/) and R 
packages (clusterProfiler, org.Hs.eg.db, AnnotationDbi) 
were used to perform Gene Ontology (GO) analysis 
including biological process (BP), molecular function 
(MF), cellular component (CC), and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway enrichment 
analysis for the overlapped genes in the network. 
Metascape is a freely accessed web-based online 
bioinformatics resource with useful tools for the 
functional interpretation of large lists of genes including 
GO functional, KEGG pathways, and Hallmark Gene 
Sets.

The protein–protein interaction network
Protein–protein interaction (PPI) analysis was performed 
using the Search Tool for the Retrieval of Interacting 
Genes/Proteins (STRING) for genes in the regulatory 
network and visualized by Cytoscape 3.9.1. PPI is related 
to the interactions between proteins in a biological 
process. Then, the network was used for topological 
analysis. The CytoHubba plugin with the degree method 
in Cytoscape software was used to detect the top ten hub 
genes in the network. CytoHubba offers 11 approaches 
for the topological analysis of networks from different 
viewpoints. In addition, critical modules consisting 
of hub genes and several connective modules in the 
PPI networks were revealed by the molecular complex 
detection (MCODE) plugin (degree cutoff = 2, node 
score = 0.2, Max depth = 100).

Connectivity map (CMap) analysis
Connectivity map (CMap) analysis is a gene expression 
profiling database in which gene expression is connected 

to diseases. CMap facilitates the process of comparing 
small molecule compounds or drugs that are significntly 
related to diseases using gene expression profiles. 
CMap analysis according to dysregulated genes in the 
network was conducted to reveal candidate drugs for 
ASD treatment. The connectivity scores (−  100 to 100) 
were adjusted to indicate closeness among the genes 
and compounds; a positive score represented a positive 
connection, and a negative score indicated a negative 
connection with the uploaded genes.

Drug–ASD gene interaction analysis
Drug–gene interaction analysis of hub genes was carried 
out using DGIdb (https://​dgidb.​org/) [21]. DGIdb is a 
web resource that provides information about genes 
correlated with approved or potential drugs. Key 
significant genes uploaded to DGIdb for equivalent with 
FDA-approved drugs to identify the possible targets for 
ASD treatment.

Result
DEcircRNAs, DEmiRNAs and DEGs identification
The three high-performance sequencing RNA data-
sets were retrieved from the NCBI (GEO) database. The 
GSE200197 dataset revealed 4432 significant circRNAs 
that included 3 upregulated (logFC > 2) and 8 downregu-
lated (logFC < -2) DEcircRNA. Moreover, the GSE67979 
dataset showed 36 (17 upregulated and 3 downregu-
lated; |logFC|> 0.5) DEmiRNAs, and the GSE6575 dataset 
revealed 5019 significant genes that included 156 upreg-
ulated and 60 downregulated (|logFC|> 0.5) (Table  1). 
Results of circRNA, miRNA, and mRNA differential 
analysis are shown in the volcano plot (Fig. 2A–C). The 
Venn diagram tool was used to identify common differ-
entially expressed miRNAs and the predicted MRE. Also, 
overlapped genes were identified between DEGs and 
miRNA targets. The basic characteristics of the 11 circR-
NAs are also presented in Table 2.

Identification of circRNA–miRNA interactions
CircRNA can play pivotal roles in many disorders by 
functioning as a “sponge” to miRNAs. Therefore, some 
affected miRNAs were predicted based on this ceRNA 
theory. The structures of the 11 circRNAs are shown in 
Fig. 3, all of which have MRE, RBP, and ORF. Two online 
databases, CSCD and CircInteractome, were used to 
predict potential miRNAs targeted. A total of 658 MREs 
were identified for DEcircRNAs, and 8 significant inter-
acting miRNAs were obtained by overlapping 239 MREs 
with 20 DEmiRNAs.Then, 4 circRNA–miRNA interac-
tions, including hsa_circ_0053004-miR-1276/miR-940, 
hsa_circ_0125982/miR-330, hsa_circ_0088217-miR-330, 
and hsa_circ_0129247-miR-564/miR-330/miR-142/

http://mirwalk.umm.uni-heidelberg.de/
http://metascape.org/
https://dgidb.org/
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miR144/miR-577/miR-921 were identified. Moreover, 
DIANA-miRPath was used to investigate the signaling 
pathways in which 14 miRNAs may be involved. Accord-
ing to Fig. 4, these miRNAs are involved in the GABAe-
rgic synapses, thyroid hormone signaling pathway, FoxO 
signaling pathway, and TGF-beta signaling pathway.

Identification of overlapped genes
The target prediction was done for 8 miRNAs associ-
ated with 4 DEcircRNAs to investigate how miRNAs are 
involved in autism disorder. In total, 5930 target mRNAs 
were identified using TargetScan and miRDB databases. 
Then, 71 overlapping interacting genes were selected by 

the intersection of 216 DEGs from gene expression data 
and target genes.

Construction of the circRNA–miRNA–mRNA network
Two separate circRNA–miRNA–mRNA networks were 
constructed based on 4 DEcircRNAs (including 1down-
regualate, 3 upregulated), 8 interacting DEmiRNAs, and 
71 interacting DEGs identified through bioinformat-
ics prediction. One including 1 downregulated circRNA 
nodes, 2 miRNA nodes, 36 mRNA nodes, and 30 edges 
(Fig.  5A). Another network consisting 3up-egulated cir-
cRNA nodes, 6 miRNA nodes, 35 mRNA nodes, and 87 
edges (Fig. 5B).

Table 1  Basic information of the microarray datasets from GEO. Differentially expressed DEcircRNAs and miRNAs/genes selected 
based on |logFC|> 2.0 and |logFC|> 0.5, respectively

GEO accession Type Sample size Type of sample ASD TD Number Differentially 
expressed

Up Down Total

GSE200197 CircRNA 8 Blood 4 4 3 8 3309

GSE67979 miRNA 10 Blood 5 5 16 2 2024

GSE6575 mRNA 26 Blood 14 12 133 52 5675

Fig. 2  Results of differential analysis shown by volcano plot for gene, miRNA, and circRNA. A Volcano plot showing fold differences in circRNA 
expression and p value. B Fold differences in genes. And C for miRNAs. Red points represent dysregulated expression
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Table 2  Information of the 11 DEcircRNAs in this study (|logFC|> 2)

circRNA ID Position Strand Best transcript Gene symbol Regulation

hsa_circ_0117677 chr2:153483038–153486419 + ENST00000288670.9 FMNL2 Up

hsa_circ_0057702 chr2:201277033–201305507 + NM_001100422 SPATS2L Up

hsa_circ_0053004 chr2:25046077–25142055 – NM_004036 ADCY3 Up

hsa_circ_0093287 chr10:21129667–21158770 – ENST00000377122.4 NEBL Down

hsa_circ_0125982 chr4:20493383–20535338 + ENST00000504154.1 SLIT2 Down

hsa_circ_0082026 chr7:117879962–117880052 + NM_019644 ANKRD7 Down

hsa_circ_0088217 chr9:118969734–119144772 + NM_002581 PAPPA Down

hsa_circ_0092569 chr10:106970894–107007089 + NM_014978 SORCS3 Down

hsa_circ_0129247 chr5:59746013–59792146 _ NM_001165899 PDE4D Down

hsa_circ_0096584 chr11:83243750–83252901 NM_001142699 DLG2 Down

hsa_circ_0125415 chr4:143324090–143352538 – ENST00000513000.1 INPP4B Down

Fig. 3  structures of the 11 DEcircRNAs. The various colors in the outer and inner ring represent the diverse exons and the positions of MRE, RBP, 
and ORF
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Fig. 4  Significant signaling pathways of the 8 miRNAs predicted by the DIANA-miRPath

Fig. 5  The circRNA–miRNA–mRNA network. A network with downregulated circRNA. B network with upregulated circRNAs. The oval nodes 
represent the circRNAs, the red nodes represent the interacting miRNAs, and the rectangular nodes represent the interaction genes
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Functional and pathway enrichment analyses
To better explore the potential mechanisms of genes in 
the ceRNA regulatory network, KEGG pathway enrich-
ment analysis and GO analysis were accomplished, which 
comprises biological process (BP), molecular function 
(MF), and cellular component (CC). The top 10 highly 
enriched GO and KEGG pathways by Metascape data-
base are shown in Fig. 6A, and the top 20 highly enriched 
GO and KEGG terms analyzed by R software are pre-
sented in Fig.  6B. GO and KEGG analysis showed that 
the interacting genes were involved in transcriptional 
regulation by MECP2, hippocampal synaptogenesis and 
neurogenesis, cell junction assembly, neuron projection 
development, commissural neuron axon guidance, and 
axon guidance. GO analysis showed that, in the case of 
BP, these overlapped genes were mainly involved in pep-
tidyl serine phosphorylation, regulation of metal ion 
transport, neuron projection development, sympathetic 
ganglion development, and brain development. For MF, 
overlapped genes were mainly enriched in transmem-
brane receptor protein tyrosine kinase activator activity, 
commissural neuron axon guidance, regulation of mitotic 
cell cycle, calmodulin-dependent protein kinase activity, 
and cell junction assembly. For CC, neuron projection, 
endocytic vesicle, intracellular membrane-bounded orga-
nelle, ciliary landscape, and axon were predicted.

Construction of the protein–protein interaction and hub 
genes identification
The NetworkAnalyst tool linked with the STRING data-
base was used to construct a PPI network based on 
the 86 DEGs (Fig.  7A). The PPI network contained 984 
nodes and 2607 edges. Then, the cytoHubba plugin in 
Cytoscape 3.9.1 was used to screen the hub genes. Ten 
genes (CAMK2A, CAMK2D, CAMK2G, MECP2, CAMK
4, NRG1, DLG1, BDNF, MAPK1, and PRKCA) were iden-
tified as hub genes in this cluster, including ten nodes and 
26 edges (Fig. 7B).

Candidate compounds from connectivity map analysis
The regulatory networks of circRNAs/miRNAs/mRNAs 
were constructed, and dysregulated genes in the network 
were uploaded to the CMap website. Then, compounds 
with potential influence on ASD were predicted. GSK3β 
inhibitor (SB216763), with the highest positive scores, 
was considered a potential drug for ASD treatment.

Pharmacogenomics analysis for hub genes to find 
potential drug
The DGIdb website was used to perform drug–gene 
interaction analysis for the ten hub genes identified 

in the PPI network. Finally, it was found that 
Haloperidol, nystatin, and paroxetine are potential 
drugs and might be effective in treating ASD since 
they were closely associated with the four hub genes 
(CAMK2G, BDNF, NRG, MAPK1).

Discussion
Autism fundamentally affects the patient’s quality of 
life with growing prevalence and incidence worldwide 
[22]. Although many studies have been conducted on 
autism in recent years, the pathogenesis of autism is still 
unknown. The recent developments in bioinformatics 
facilitated more efficient research on pathogenesis 
mechanisms and treatment strategies [23].

In this study, we have evaluated the regulatory network 
between circRNA, miRNA, and their associating genes 
using the GEO data sample of children with autism. Cir-
cRNAs, as non-coding RNAs, acting like ceRNAs, can 
affect various cellular biological processes [24]. Also, 
various computational algorithms, such as inductive 
matrix completion, Locality-Constrained Linear Coding 
algorithm, and KATZ algorithm have proven that circR-
NAs and miRNAs are strongly correlated with the patho-
genesis of several diseases [25–28]. Therefore, circRNAs 
and miRNAs can be used as diagnostic biomarkers and 
help improve novel treatments. In the current study, 
eleven circRNAs were selected, including 3 upregulated 
and 8 down-regulated circRNAs in ASD patients. To 
our knowledge, DEcircRNAs have not been studied yet, 
but their expression is significantly changed in autistic 
patients. Thus, they may be excellent diagnostic biomark-
ers or therapeutic targets in ASD. One of the most prom-
inent features of circRNAs is that they act as a sponge to 
absorb associating miRNAs, using their ability to interact 
with miRNA binding sites. Therefore, they can indirectly 
regulate gene expression. Among these 11 circRNAs, 4 of 
them can regulate the expression of 8 miRNAs based on 
the ceRNA theory. Surprisingly, overexpressed miRNAs 
are associated with downregulated circRNAs, and the 
underexpressed miRNAs have binding sites on upregu-
lated circRNAs. Limited studies have investigated a cor-
relation between these miRNAs and neural development 
and neuronal-related disorders. Mor et  al. showed that 
the expression of miR-142-5p and miR-144 is remark-
ably increased in the brain tissue of autistic patients. The 
dysregulation of these miRNAs can affect the expression 
of other genes that control the synaptic processes. Also, 
miR-496 can regulate neurogenesis and neuronal migra-
tion through fine-tuning of N-cadherin levels [29], and 
miR-921 was significantly increased in a microarray anal-
ysis accomplished on Chinese children with ASD [30].
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Fig. 6  GO enrichment analysis and KEGG enrichment analysis of differential genes in ASD and control groups. A The top 20 GO and pathway 
enrichment analyses of biological processes, cellular components, and molecular functions by Metascape database. B KEGG and GO enrichment 
analysis of differential genes in the ASD conducted by clusterProfiler package R software
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Go and KEEG analysis have been carried out on the 
overlap genes between the DEGs and miRNAs target 
genes. One of the suggested pathways is the axon guid-
ance pathway, which was previously demonstrated in 
autism [31]. Studies have shown poor expression of 
axon guidance proteins, such as PLXN4 and ROBO2, in 
the brain of autistic patients [32]. Cell junction assem-
bly pathway in synaptogenesis was also projected by 
GO analysis. The synaptogenesis step is vital in brain 
development in children. In ASD patients, this process 
is interrupted by the mutation or altered expression of 
associating genes, such as SHANK3 and CDH10 [33].

After studying the pathways involved in the regula-
tory networks of circRNA-miRNA-mRNA, ten hub 
genes were selected with high scores, five of which are 
calcium/calmodulin-dependent protein kinase (CAM-
KII) (encoded by CAMK2A, CAMK2B, CAMK2G,  and 
CAMK2D  genes). There is growing evidence regard-
ing the prominent regulatory role of CAMKII in the 
synaptic processes and synaptic plasticity, which can 
affect different functions, such as learning and memo-
rizing. Numerous mutations in  CAMK2A,  CAMK2B, 
and CAMK2G genes have been identified that correlate 
with neural development disorders and neurological 
disorders, such as ASD [34]. Another significant pro-
tein is MECP2, which is vital for neural development 

and regulates the expression of BDNF protein. MECP2 
plays a critical role in synaptic homeostatic plasticity, 
and the absence of the encoding gene caused Rett syn-
drome in animal models, which is classified as a severe 
form of autism spectrum disorder [35]. In addition, in 
human samples, the expression of MECP2 protein was 
significantly decreased. MECP2 down-regulation is 
due to various mutations or methylation in the promo-
tor region. Another key protein, neuregulin 1 (NRG1), 
is vital for central nervous system development and 
activation of neurotransmitter receptors, such as glu-
tamate. NRG1 protein is involved in neuronal migra-
tion, synaptogenesis, glycogenesis, dendritic growth, 
and communications between neurons and glial cells. 
Neuronal activities specifically regulate the expres-
sion of NRG1 protein, leading to significantly reduced 
expression in autistic children [36]. Two bioactive com-
pounds, dexamethasone, and GSK3β inhibitors were 
identified for treatment strategies according to the 
CMap analysis. The GSK3β inhibitor disturbs the func-
tion of the GSK3 protein in different signaling path-
ways, including the neuronal signaling pathways, and 
can improve ASD symptoms [37]. Haloperidol is a clas-
sic antipsychotic that is used to improve symptoms of 
schizophrenia. Haloperidol is an FDA-approved drug 
for the treatment of schizophrenia, severe behavioral 

Fig. 7  A The PPI network of overlapped interacting genes. Interacting DEGs are shown by the nodes, and interactions between genes 
by the edges. B Top ten hub genes constructed thereby Cytohubba plugin. The network shows the degree of significance of hubs through a color 
scale ranging from red (the most important) to yellow (less important)
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disorders in children, Tourette syndrome, and hyperac-
tivity in children. Haloperidol interacts with two of the 
hub genes and can reduce autistic symptoms in chil-
dren (names of genes) [38, 39]. Nystatin, a compound 
frequently used to preserve intracellular dialyzable 
components, specifically inhibits the potassium chan-
nel Kv1.3 [40]. Paroxetine is a selective serotonin reup-
take inhibitor (SSRI) used to treat behavioral disorders 
including panic disorder, major depressive disorder, 
posttraumatic stress, social anxiety disorder, and gener-
alized anxiety disorder [41, 42].

Conclusion
In this study, two regulatory networks of circRNAs 
and their functions was investigated by bioinformatics 
analysis. In addition, some compounds and drugs 
were predicted which may have potential use in the 
management of ASD and improving symptoms. Such 
studies can broaden our knowledge of ASD pathogenesis 
and guide future research. Finally, the results of the 
present study are based on bioinformatics analyses and 
require further investigation.
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