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Neurodegenerative diseases (NDDs) mostly occur in older demographics. With
the average lifespan increasing over time, NDDs are becoming one of the major
adverse factors affecting human health and the quality of life. Currently, there are
no specific diagnostic methods for NDDs and they are usually diagnosed based
on nonspecific clinical symptoms and occasionally by biomarkers, such as -
amyloid (AB) for Alzheimer’s disease (AD) and a-synuclein (a-syn) for Parkinson's
disease, etc. However, it is usually too late for most treatment to startr when
the aforementioned criteria become detectable. Circular RNAs (circRNAs) are a
type of single-stranded, covalently closed, non-coding RNAs that lack a 5" cap
structure and 3’ terminal poly-A tail. According to recent research, circRNAs
may play a crucial role for the onset and progression of some NDDs. These
small RNAs may be potential diagnostic and prognostic markers and therapeutic
targets for these diseases. This review will provide a comprehensive overview
of the recent advancements of knowledge on the functions and the possible
underlying mechanism of circRNAs in the pathogenesis and treatment of NDDs.
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1 Introduction

Neurodegenerative diseases (NDDs) are a variety of brain diseases
that result from the degeneration of neurons and/or their associated
myelin aberrant accumulation (Dauwan et al., 2021); Jiang et al., 2023,
NDDs can be categorized into acute neurodegenerative diseases,
which mainly include cerebral ischemia (CI), brain injury (BI), and
epilepsy, as well as chronic neurodegenerative illnesses, including but
not limited to Alzheimer’s disease (AD), Parkinson’s disease (PD),
(ALS),
spinocerebellar ataxia (SCA), and Pick disease (Xu et al., 2022; Wilson

Huntington’s disease, amyotrophic lateral sclerosis
etal, 2023). Age progression, as a non- intervenable event in the life
cycle, is an important predisposing factor for the development/
progression of the majority of NDDs (Hou et al., 2019). Among the
aging population, NDDs are now the fourth most common form of
disease after cardiovascular disease, cancer, and stroke, influencing the
individuals’ well-being and standard of living (Saramago and
Franceschi, 2021). NDDs are characterized by complex etiology,
treatment difficulty, and poor prognosis. Therefore, finding validated
biomarkers of NDDs, to facilitate their diagnosis and treatment, is one
of the most imperative tasks for the research community to complete
(Simrén et al., 2020).

CircRNAs, which represent a type of endogenous circular
noncoding RNAs (ncRNAs), were first discovered by Sanger et al. in
1976 (Sanger et al., 1976). They are generated through the splicing of

exons, introns, intergenic, or untranslated regions via a non-standard
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splicing method called “back splicing” or “reverse splicing” (Chen,
2016; Greene et al,, 2017). These specialized ncRNAs formations are
controlled by spliceosomes, cis-acting components, and trans-acting
variables (Ashwal-Fluss et al., 2014). They predominantly feature a
stable nature, evolutionary conservatism (Li et al., 2015), and relatively
high content (Ji et al., 2019; Hanan et al., 2017). As they accumulate
in a number of organs, circRNAs were also demonstrated to both
selectively and steadily express in the brain as well. This suggests that
circRNAs may be involved in both pathological and physiological
processes in the brain (Rybak-Wolf et al., 2015; Westholm et al., 2014;
You et al,, 2015). CircRNAs have also been implicated in a range of
brain illnesses through epigenetic, transcriptional, and post-
transcriptional regulation (Kristensen et al., 2019).

Compared to existing biomarkers for neurodegenerative diseases,
such as AP and a-synuclein proteins, circRNAs exhibit characteristics of
exceptional structural stability, tissue-specific expression, and are
involved in a diverse range of mechanisms in several diseases (Kristensen
etal, 2019). These features present potential advantages for the accurate
diagnosis and treatment of neurodegenerative diseases associated with
a given circRNA. For instance, the levels of A in cerebrospinal fluid can
be influenced by various factors, including age, gender, and other
medical conditions. Additionally, detecting AP typically requires a
lumbar puncture to obtain cerebrospinal fluid samples, which is an
invasive procedure that many patients cannot undergo. a-Synuclein is
primarily detected through cerebrospinal fluid or brain tissue biopsies;
however, these methods also have limitations, such as the low sensitivity
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and specificity of cerebrospinal fluid testing, and the high-risk nature of
brain tissue biopsies. In contrast, circRNA detection can be performed
using less invasive procedures, such as blood tests, offering a promising
new approach for diagnosing neurodegenerative diseases.

Here, we review the recent progress on the knowledge of the role
of circRNA in brain diseases focusing on NDDs Figure 1 and Table 1.
By summarizing these advancements in knowledge, we aim to provide
guidance for researchers focusing on early diagnosis and possible
novel therapies of NDDs that are applied to circRNAs.

2 Functional mechanism of circRNAs

Compared with linear RNAs, circRNAs lack the 5" G-cap and 3’
-Poly-A tail structures, are not easily degraded by RNA exonucleases, and
have a variety of biological property changes such as increased stability,
diversity, conservatism, and specificity (Khan et al., 2022). Additionally,
the half-life of circRNAs is longer than that of linear RNAs (Panda et al,,
2017; Chuang et al., 2016). A variety of circRNAs, identified by deep
sequencing, have been shown to have higher expression levels than their
linear RNA counterparts, with some exhibiting a more than 10-fold
increase (Greene et al., 2017; Wang et al., 2019). Several studies have
demonstrated that circular RNAs play a significant role in the onset and
progression of neurodegenerative diseases through various functional
mechanisms. For instance, circRNA-7 is highly abundant in the human
brain and is associated with the CircRNA of miRNA-7 (also known as
ciRS-7). This molecule contains multiple tandem anti-miRNA-7
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sequences, functioning as an endogenous, complement-resistant miRNA
and inhibits normal miRNA activity. The inhibition of the ciR-7 “sponge
effect; elevated miRNA-7 downregulates AD-associated targets such as
the ubiquitin ligase UBE2A and an autophagy-related phagocytosis
protein, which is required for the clearance of amyloid peptides in the
AD-affected brain (Bingol and Sheng, 2011; Lonskaya et al., 2013).
Furthermore, miR-7 downregulates a-synuclein, thereby protecting cells
from oxidative stress. Additionally, miR-7 can confer protection against
1-methyl-4-phenylpyridine (MPP+)-induced neuronal death by
targeting the nuclear factor (NF)-kB signaling pathway (Shao and Chen,
2016; Choi et al,, 2014). CircRNAs are known to function through
several mechanisms including acting as sponges for miRNAs, interacting
with RNA-binding proteins, coding for proteins, regulating transcription
processes, etc. A detailed summary is illustrated in Figure 2.

2.1 Acting as miRNA sponges

CircRNAs consist of binding sites for microRNAs (miRNAs) and
can act as sponges for miRNAs, preventing them from binding to
messenger RNAs (mRNAs) and thereby influencing the expression
pattern of their downstream target genes (Rong et al., 2017; Kulcheski
et al., 2016). For example, silencing circGFRA1 (hsa_circ_005239)
increases miR-99a expression, leading to decreased levels of p/t-AKT,
p/t-FOXO1, and p/t-mTOR proteins, which eventually could suppress
the migration and proliferation of glioma cells (Cao et al, 2021).
Overexpression of circLRP6 contributes to atherosclerosis by
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TABLE 1 Expression and function of circRNA in NDDs.

Species

circRNA name

Host gene

Disease
name

Expression
pattern

Clinical significance or effect

Detect
object

Detection
technology

Disrupting phosphatidylinositol homeostasis and
Human hsa_circ_0001449 ARHGAP10 CI Upregulated AKT activity by enhancing Osbpl5 translation in Tissues RT-PCR 32,086,008
transient cerebral ischemia
Hippocampal
Mouse mmu-circRNA-015947 RNF121 CI Upregulated Involved in OGD/ R-induced neuronal damage HT22 cell RT-PCR 26,845,359
cells
mmu_circRNA_013120/mm9_
Mouse ) Unknown CI Upregulated 29,156,814
circ_013120 potential biomarkers and diagnostic tools for stroke
Tissues RT-PCR
Mouse mmu_circRNA_40001 Unknown CI Upregulated patients 29,156,814
Mouse mmu_circRNA_40806 Unknown CI Downregulated 29,156,814
Rat rno_circRNA_001167 Cpeb3 TBI Downregulated 29,357,736
Rat rno_circRNA_001168 Cpeb3 TBI Downregulated It may be involved not only in brain injury, but also 29,357,736
Tissues RT-PCR
Rat rno_circRNA_006508 LOC681740 TBI Upregulated in nerve regeneration after TBI 29,357,736
Rat rno_circRNA_010705 Lrplb TBI Upregulated 29,357,736
Regulate the progression of refractory epilepsy by
Human hsa_circ_0067835 IFT80 Epilepsy Downregulated acting as a sponge for miR-155 to promote FOXO3a | Tissue and plasma | PCR 30,485,839
expression
Mouse mmu_circRNA_016800 Khdrbs3 Epilepsy Downregulated circRNA-miRNA-mRNA interactions regulate a 30,592,747
variety of disease-related mrnas, thereby playing a Tissues PCR
Mouse mmu_circRNA_002170 Unknown Epilepsy Upregulated o . o 30,592,747
pathophysiological role in chronic epilepsy
Human hsa_circ_0003391 UBASH3B AD Downregulated Diagnostic marker Plasma RT-qPCR 33,424,579
Human hsa_circ_0030777 PCCA AD Downregulated 32,315,771
Human hsa_circ_0031258 HAUS4 AD Downregulated 32,315,771
Human hsa_circ_0032253 GPHN AD Upregulated 32,315,771
Human hsa_circ_0000775 KIF18B AD Downregulated biomarker Cerebrospinal fluid | RT-PCR 32,315,771
Human hsa_circ_0047285 TTC39C AD Downregulated 32,315,771
Human hsa_circ_0002945 AXL AD Upregulated 32,315,771
Human hsa_circ_0003611 LPAR1 AD Upregulated 32,315,771
The corresponding translation products may
Human hsa_circ_0007556 Ap-a AD Upregulated Tissues RT-PCR 33,003,364
represent new therapeutic targets for AD therapy
Cortical elevation of MT was significantly associated
Human hsa_circ_0131235 IGF2R AD Upregulated Tissues RT-PCR 33,704,916
with the pathology of AD
Human hsa_circ_0003594 HDAC9 AD Downregulated 30,887,246
Early diagnostic markers and therapeutic targets Serum RT-PCR
Mouse mmu_circ_0003925 Hdac9 AD Downregulated 30,887,246
(Continued)
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TABLE 1 (Continued)

Species

circRNA name

Host gene

Disease
name

Expression
pattern

Clinical significance or effect

Detect
object

Detection
technology

Human hsa_circRNA_000843 Unknown AD Upregulated 31,834,549
human hsa_circRNA_101618 Unknown AD Upregulated 31,834,549
human hsa_circRNA_103366 Unknown AD Upregulated 31,834,549
Human hsa_circRNA_103936 Unknown AD Upregulated It provides a new biomarker or therapeutic target 31,834,549
PBMC RT-PCR
Human hsa_circRNA_104395 Unknown AD Downregulated for the control of AD 31,834,549
Human hsa_circRNA_402904 Unknown AD Downregulated 31,834,549
Human hsa_circRNA_403472 Unknown AD Downregulated 31,834,549
Human hsa_circRNA_405619 Unknown AD Upregulated 31,834,549
Mouse mm9_circ_017963 Tbc1d30 AD Downregulated 29,448,241
Mouse pmu_CireRNA_Q0O173/mms.— Unknown AD Downregulated 29,448,241
circ_006173
Mouse mmu_circRNA_006229/mm9_ Unknown AD Upregulated It is helpful to understand the regulatory role of 29,448,241
circ_006229 circRNAs in the pathogenesis of AD and provide
Tissues RT-PCR
Mouse mmu_circRNA_003540/mm9_ Uspl3 AD Upregulated valuable resources for the clinical diagnosis and 29,448,241
circ_003540 treatment of AD.
Mouse mmu_circRNA_012180/mm9_ Phkb AD Upregulated 29,448,241
circ_012180
Mouse mmu_circRNA_013699 Unknown AD Downregulated 29,448,241
Rat rno_circRNA_017759 Unknown AD Downregulated Involved in the pathogenesis of AD Tissues RT-qPCR 29,706,607
Rat rno_circRNA_001555 Unknown AD Upregulated 29,706,607
Rat rno_circ_0000950 Unknown AD Upregulated Direct sponging of miR-103 promoted neuronal Cells RT-qPCR 31,373,242
apoptosis, inhibited neurite growth and increased
inflammatory cytokine levels
Human hsa_circ_0060180 DLGAP4 PD Downregulated It exerts neuroprotective effects through the miR- Tissues RT-gPCR 31,761,328
Mouse mmu_circ_0001098 Dlgap4 PD Downregulated 134-5p/CREB pathway of PD 31,761,328
Mouse mmu_circRNA_0000468 Unknown PD Downregulated The mmu_circRNA_0003292-miRNA-132-Nr4a2 Tissues RT-gPCR 32,344,560
Mouse mmu_circRNA_0000517 Unknown PD Upregulated pathway may be involved in the regulation of the 32,344,560
Mouse mmu_circRNA_0000870 Unknown PD Downregulated molecular mechanism of Parkinson's disease 32,344,560
Mouse mmu_circRNA_0001320 Unknown PD Upregulated 32,344,560
Mouse mmu_circRNA_0003292 Unknown PD Downregulated 32,344,560
Mouse mmu_circRNA_0004144 Unknown PD Downregulated 32,344,560
Mouse mmu_circRNA_0013321 Unknown PD Downregulated 32,344,560
Human hsa_circ_0063411 TNRC6B ALS Upregulated biomarker PBMC RT-qPCR 31,175,544
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sequestering miR-145 (Hall et al., 2019). Another example is Hsa_
circ_0136666, which acts as a sponge for miR-136, influencing colon
cancer development through the miR-136/SH2B1 axis (Jin et al.,, 2019).
CircRNA_0000267 enhances the proliferation, differentiation, and
metastasis of hepatocellular carcinoma by sequestering miR-646 (Pan
et al, 2019). CircCD44 facilitates the progression of triple-negative
breast cancer via its sponging action of miR-502-5p and interactions
with IGF2BP2 (Li et al, 2021). CircDDX21 acts as a sponge for
miR-1264, regulating QKI expression to inhibit the progression of triple-
negative breast cancer (Huang et al., 2022). Overexpression of circ-
ITCH sequesters miR-22-3p, leading to increased CBL expression and
inhibition of the Wnt/f-catenin pathway, thereby hindering the
progression of papillary thyroid carcinoma (Wang et al., 2018). CircZFR
promotes the malignant behaviors of thyroid tumor cells via sequestering
miR-1261 to upregulate C8orf4 expression (Wei et al., 2018).

2.2 Interaction with RNA-binding proteins

CircRNA and RNA binding proteins can interact to alter splicing
patterns or mRNA stability (Holdt et al., 2016), For instance, CDR1as/
ciRS-7 can bind with argonaute proteins to facilitate their degradation
(Hansen etal,, 2011). Additionally, circRNA has the ability to influence
protein expression and function (Huang et al., 2020). For example, circ-
Foxo3 can inhibit specific proteins like ID-1, E2F1, HIF-1a, and FAK,

Frontiers in Cellular Neuroscience

thereby preventing their nuclear translocation and inducing myocardial
aging (Du et al, 2017). Du et al. also found circ-Foxo3 could bind to
Foxo3 and p53 proteins. This binding shows that circ-Foxo3 facilitates
MDM2-induced ubiquitination of p53 proteins and their subsequent
degradation, leading to a significant decrease in p53 protein levels (Du
etal., 2017). The circular RNA circSKA3 binds to Integrin betal proteins
to induce an invadopodium formation that consequently enhances the
capacity of invasion for breast cancer cells (Du et al., 2020). More
interestingly, circular YAP RNAs (circYAPs) could inhibit their parental
mRNAS translation and consequently inhibit the YAP protein level in
cancer cells. This sets the groundwork for exploring circYap as a possible
method for intervening in cancer (Wu et al., 2019). In another study,
Wau et al. found circYap was able to reduce cardiac fibrosis by binding
with the proteins of tropomyosin-4 and gamma-actin, which could
significantly attenuate actin polymerization in heart cells (Wu et al.,
2021). Furthermore, circRNA plays a role in protein translation, with
some circRNAs encoding functional proteins in human cells (Du et al.,
2017). Notably, circ-FBXW7 and FBXW7-185aa have been identified as
having potential prognostic significance in brain cancer (Yang et al,,
2018). Another circRNA mechanism involves protein trapping, where
circPABPNI1 can sequester HuR, leading to the inhibition of HuR
binding to PABPN1-mRNA and subsequently impeding PABPN1
translation (Abdelmohsen et al., 2017). Moreover, circRNA can act as
protein scaffolds, as demonstrated by circFoxo3 (Sun et al., 2019). It also
is able to recruit proteins, exemplified by circFECR1 (Chen et al., 2018).
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2.3 Encoded proteins

Natural circRNAs have a translation start codon but no translation
function, while synthetic ones can translate proteins in in vitro systems
(Meganck et al., 2021), such as when Wang et al. discovered that
circRNAGEFP can translate a full-functioning GFP protein in in vitro
cell cultures (Wang and Wang, 2015). Legnini et al. (2017) found that
circZNF609 has an open reading frame with start and stop codons at
both ends, is associated with a heavy chain polysaccharide, and is
translated into a protein in a splice- and cap-dependent pattern.
However, the efficiency of its translation was much lower than its
linear mRNA counterpart.

2.4 Regulation of transcription processes

It has been shown that cANRIL can be formed from ANRIL
transcripts after back-shearing (Burd et al., 2010). CANRIL formation
reduces ANRIL and affects the binding of ANRIL to the PcG complex,
which in turn affects the transcriptional regulation of INK4/ARF. In
addition, circRNAPAIP2 and circEIF3] can boost the transcriptional
capacities of parental genes by binding to Ul small nuclear
ribonucleoprotein antibodies (U1snRNP) to form a complex, which
could subsequently interact with RNA polymerase II (pol II) (Qu et al.,
2015). ElciRNAs contain an intranuclear small ribonucleoprotein
particle U1 (U1 snRNP) binding site, and their gene promoters can bind

10.3389/fncel.2024.1470641

to U1 snRNP to form a circRNA-U1 snSNP complex and regulate gene
transcription and expression through RNA polymerase IT (Li et al,, 2015).

3 Functions of circRNAs in
neurodegenerative diseases

Neuronal damage and apoptosis are the most common pathological
manifestations in NDDs. Oxidative stress (Singh et al., 2019), apoptosis
(Gupta et al,, 2021), neuronal autophagy (Pinheiro and Faustino, 2019),
mitochondrial function (Johnson et al., 2021), abnormal deposition of
neurotoxin proteins (Pinheiro and Faustino, 2019), immune-
inflammation (Kwon and Koh, 2020), and other factors can result in
neuronal damage and apoptosis as shown in Figure 3.

3.1 Inhibition of oxidative stress

Oxidative stress refers to the damage to nerve cells and tissues
due to the excessive production or inadequate scavenging of free
radicals in the nervous system and elevated levels of reactive oxygen
species (ROS). Increased ROS, lipid peroxidation, and the release
of cytochrome C are significant mechanisms of oxidative stress
injury, which can lead to neuronal apoptosis/death and is an
important basis for neurodegenerative disease progression (Cobley
et al., 2018). Relevant studies have shown that the neurological
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FIGURE 3
Molecular mechanism of CircRNAs in NDDs (Created with BioRender.com).
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damage caused by oxidative stress can be alleviated by increasing
the levels of low molecular antioxidants along with antioxidant
enzymes such as superoxide dismutase and glutathione peroxidase
(Singh et al., 2019). Several studies have shown that circRNA is a
key link between oxidative stress and neurological disease (Mehta
et al.,, 2020). For instance, CircSLC8A1 levels rise in Parkinson’s
disease and bind to Ago2 and act as sponges for miR128 targets,
thereby influencing neuronal survival and aging (Hanan et al.,
2020a). The endogenous circFoxo3 is crucial in initiating apoptosis
and neuronal cell death. Research has shown that with the
inhibition of circFoxo3 safeguarding, HT22 cells could survive
oxidative harm induced by glutamate through the regulation of the
mitochondrial apoptotic pathway. This suggests that circFoxo3
could be a potential therapeutic target for neurodegenerative
conditions (Lin et al., 2020). Additionally, the circPRKCI-miR-
545/589-E2F7 axis is involved in mediating neuronal cell damage
induced by H202, and targeting this novel signaling pathway may
offer a promising approach to protect neurons from oxidative injury
as well (Cheng et al., 2019). Collectively, the aforementioned studies
underscore the role of circRNA in modulating neurotoxicity
induced by oxidative stress.

3.2 Inhibit neuronal apoptosis

Neurons survival is crucial to preserve the regular function of
the nervous system. Stressors can activate intracellular signaling
pathways in neurons, leading to neuronal apoptosis that results in
which is the
neurodegenerative disease progression (Andreone et al., 2020).

neurological decompensation, basis  of
CircRNA_0006928 can influence neuronal apoptosis via binding
to miR-184 (Zhou et al., 2017). Additionally, the overexpression
of CircHIPK3 has been shown to mitigate inflammation and
neuronal apoptosis in AGEL.HN cells induced by OGD through
modulation of the miR-382-5p/DUSP1 axis (Yin et al., 2022).
Knockdown of Circ-KATNALL has been found to decrease
neuronal apoptosis and ameliorate spinal cord injury by acting on
the miR-98-5p/PRDM5 regulatory axis (Jiang et al, 2023).
Moreover, circPRDX3 can be targeted by miR-641 and miR-184
through the miR-98-5p/PRDMS5 regulatory axis, influencing
apoptosis in neuronal survival cells during ischemic stroke (Chen
et al., 2022). Zhang et al. (2023) demonstrated that circRaplb
could protect neuronal cells against apoptosis in acute ischemic
stroke. Li et al. (2021) demonstrated that circPTK2 regulates
sepsis-induced microglia activation and hippocampal neurons
through miR-181c-5p-HMGBI1 signaling, impacting activation,
and hippocampal neuronal apoptosis. Zhao et al. (2020) showed
that circ-HIPK3 mitigates neuronal apoptosis by regulating the
miR-588/DPYSL5 axis in spinal cord injuries. Circ_0003611 has
been found to regulate apoptosis and oxidative stress insults in
Alzheimer’s disease (AD) through the miR-383-5p/KIF1B axis (Li
etal., 2022). In Parkinson’s disease, circSAMDA4A is implicated in
apoptosis and autophagy in dopaminergic neurons through the
miR-29¢-3p-mediated AMPK/mTOR pathway (Wang et al., 2021).
Circ_0000115 has been identified as a factor that prevents cerebral
ischemic insults by inhibiting neuronal apoptosis, oxidative stress,
and the inflammatory response through the miR-1224-5p/Nos3
axis in vitro, as demonstrated by Cao et al. (2024). In conclusion,

Frontiers in Cellular Neuroscience

10.3389/fncel.2024.1470641

all of the above studies suggest that circRNA-mediated signaling
pathways play an important role in neuronal apoptosis.

3.3 Regulation of neuronal autophagy

Autophagy is an essential process for degrading damaged
organelles and misfolded proteins in eukaryotic cells, and neurons
can rely on autophagy to maintain homeostasis in vivo. The
inappropriate accumulation of mutated and misfolded proteins
inside and outside the cell is the most obvious hallmark of
neurodegenerative diseases, in which the malfunction of
autophagy plays a key role (Jiang and Xu, 2023). It has been shown
that (Diling et al., 2019; Han et al., 2018) circRNAs slow down the
progression of NDDs by influencing autophagy, which in turn
reduces the buildup of misfolded proteins. In a rat sciatic nerve
compression model, differentially expressed circRNAs were
identified, with a downregulation observed compared to control
rats. Notably, circRNA_2,837 was found to modulate neuronal
autophagy by working as a sponge molecule for the miR-34 family
(Zhou et al., 2018). CircRNA_2,837 knockdown can cause
autophagy in spinal cord neurons in vitro via regulating miR-34a
(Zhou et al,, 2018). Additionally, circSHOC2 was discovered to
inhibit neuronal apoptosis and alleviate neuronal injury by
regulating autophagy through the miR-7670-3p/SIRT1 axis (Chen
et al., 2020). CircEPSI15 functions as a sponge for MIR24-3p,
enhancing neuronal injury in Parkinson’s disease by promoting
PINK1-PRKN-mediated mitochondrial autophagy (Zhou et al.,
2023). CircCELF1 recruits DDX54 to upregulate NFATS5,
stimulating astrocyte apoptosis and autophagy (Li and Teng,
2023). Studies have indicated that circRNAs, such as circRNA.2837
(Zhou et al., 2018) and circular RNA HIPK2 (Yang et al., 2024),
play significant roles in regulating neuronal autophagy, offering
potential therapeutic targets for neurodegenerative diseases.
CircNF1-419 enhances autophagic activity in the cerebral cortex
of SAMP8 mice by binding dynamin-1 (Dyn-1) and adapter
protein 2 B1 (AP2B1) (Diling et al., 2019). In conclusion, several
studies have demonstrated and concluded that circRNAs play an
important role in neuronal autophagy.

3.4 Regulation of mitochondrial function

Mitochondria support the high demands and expenditure of
the central nervous system (CNS) and are the major source of
energy to maintain neuronal growth and synaptic function.
Therefore, mitochondrial dysfunction is considered a key feature
of neurodegenerative diseases in the CNS (Zhang et al., 2023; Lin
and Beal, 2006). Mitochondrial dysfunction most likely happens
in the initial stages of a variety of NDDs. When mitochondrial
biogenesis is deficient, the capability of neuronal cells to clear
ROS production is compromised, causing neuronal injury and
apoptosis (Johnson et al., 2021). One of the primary pathological
features of NDDs is the presence of misfolded and aggregated
proteins in the cytoplasm, which exacerbate neuronal burden. The
excessive accumulation of abnormal proteins can also harm
organelles, leading to neuronal cell death and disrupting the
homeostasis of the CNS (Gupta et al., 2021; Di Meco et al., 2020;
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Barbero-Camps et al., 2018; Nassif and Hetz, 2012). Chen et al.
(2022) reported that circHIPK3 could regulate ischemic- induced
apoptosis and mitochondrial dysfunction in mice by sponging
miR-148b-3p via CDK5R1/SIRT1. Du et al. (2022) demonstrated
that inhibition of circIgfbp2 could regulate apoptosis and
mitochondrial malfunction in mice via the miR-370-3p/BACH1/
HO-1 axis to ameliorate mitochondrial damage and oxidative
stress-induced synaptic deficits after traumatic brain injury.
Therefore, regulating mitochondrial function may offer a new
therapeutic approach for NDDs.

3.5 Regulation of abnormal neurotoxin
protein deposition

Amyloid-g (Ap) protein deposition is an early pathological feature
of AD (Alcendor, 2020). Soluble AP oligomers and A protofibrils can
activate glial cells, leading to the secretion of pro-inflammatory
factors, which then inhibits microglia-mediated Ap phagocytosis,
ultimately resulting in AP aggregation and neurological damage
(Pinheiro and Faustino, 2019). Studies have shown that circRNAs can
actively participate in Ap metabolism by regulating A metabolism,
its deposition processes, and the secretion of amyloid precursor
proteins (Zhao et al., 2016; Shi et al., 2017; Lu et al., 2019; Li et al,,
2020). The immune-inflammatory response generated by the brain
glial cells during AD occurrence is a protective mechanism to
maintain brain homeostasis. However, when microglia are repeatedly
exposed to inflammation factors, they will become over-activated and
release a large amount of inflammatory factors themselves, leading to
neuronal death and the onset of NDDs. Since the aberrant expression
of circRNAs is related to neuroinflammation as above mentioned, a
series of studies have further shown that circRNAs could be potential
targets for the treatment of neuro-inflammation response (Shen et al.,
2019; Wang et al, 2018; Chen et al, 2019). CircRNA histone
deacetylase 9 (circHDAC9) reduces AP production by adsorbing
miR-138 and reversing the inhibition of silencing information
regulatory factor-related enzyme 1 (Sirtl) by miR-138 (Lu et al., 2019).
The overexpression of circHDAC9 was able to attenuate AB-induced
neuronal damage (Zhang et al, 2020). CiRS-7 expression was
decreased in the hippocampal tissues of AD patients, which led to
abnormal Ap aggregation through miR-7 (Zhao et al., 2016) and the
nuclear transcription factor-kB (NF-kB) signaling pathway (Shi et al.,
2017), respectively, while overexpression of CiRS-7 reduced AP
aggregation. All of the above studies suggest that circRNA is directly
or indirectly involved in Ap aggregation.

4 CircRNA and chronic
neurodegenerative diseases

4.1 CircRNA and AD

Alzheimer’s disease (AD) is a dementia disease that mostly
occurs in the middle-aged and elderly population. Its characteristic
pathological signs are extracellular senile plaques from p-amyloid
fibrillar
hyperphosphorylation of tau proteins, as well as neuronal loss

deposition ~ and  neuronal tangles  from

with glial cell proliferation (Ma et al., 2019). It has been suggested
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that circRNA could play an important role in the pathogenesis of
AD (Ghafouri-Fard et al., 2022). For the purpose of determining
the age of circRNAs dependent dysregulation from differentially
expressed circRNAs, Huang et al. employed a microarray test to
study the varying expression profiles of circRNAs within the
hippocampal regions of 10-month-old senescence-accelerated
mouse P8 (SAMP8) and senescence-accelerated mouse drug-
resistant Rl (SAMR1) mice (Huang et al, 2018). They also
evaluated the distinct circRNA expression profiles among
10-month and 5-month- old SAMP8 mice. Six circRNAs were
further verified by reverse transcription-quantitative polymerase
chain reaction (RT-qPCR) in SAMP8 mice. qPCR results showed
that hippocampal tissues of 10-month-old SAMP8, compared to
age-matched SAMRI, demonstrated differentiated expression of
these six circRNAs with all six circRNAs showing down-regulated
expression patterns. Wang et al. (2018) performed an initial
integrated microarray study on circRNA, miRNA, and mRNA
expression profiles within the hippocampus of an AD rat model.
differentiated
expression of certain circRNAs in AD rats compared to controls,

Their findings also demonstrated obvious
with subsequent RT-PCR results fully supporting the findings.
These results suggested that the circRNAs might interact with
each other to control the expression of their target protein genes
associated with the pathogenesis of AD.

By directly sponging miR-103, Yang et al. (2019) discovered that
circ_0000950 induced neuronal death, suppressed neuronal synapse
development, and increased the levels of inflammatory cytokines for
AD. Using circRNA microarrays, Li et al. (2020) examined the
circRNAs that were expressed variably within peripheral blood
mononuclear cells (PBMCs) among five AD individuals and compared
them with healthy controls. And their results showed that in AD
patients the expressions of hsa_circRNA_000843, hsa_
circRNA_101618, hsa_ circRNA_103366, hsa_circRNA_103936, and
hsa_circRNA_405619  were  up-regulated, —whereas hsa_
circRNA_ 104395, hsa_circRNA_402904 and hsa_circRNA_403472
expressions were down-regulated in AD patients. These results
implied that circRNAs might play a role in the beginning and
development of AD in humans too. Bigarré et al. (2021) discovered a
significant primary factor of AD pathology with the expression of
hsa_circ_0131235. Hsa_circ_0131235 had elevated expression in the
temporal cortex which was substantially linked to the
pathophysiology of AD.

Research focusing on circRNA as an indicator for AD diagnosis
and prognosis is also becoming more popular. Lu et al. (2019)
discovered that hsa_circ_0003594 was declined within the serum of
individuals with mild cognitive impairment (MCI) as well as those
with AD in comparison to healthy controls. Along with the down-
regulation of mmu_circ_0003925 in AD mice compared to controls,
the evidence suggests a potential new detectable indicator of diagnosis
and a therapy target for AD. Li et al. (2020) and Li et al. (2020)
evaluated circRNAs within the cerebrospinal fluid of eight AD patients,
as well as eight control subjects via microarray. Ten differential
expressed circRNA were further validated in the cerebrospinal fluid of
another 80 AD patients and 40 controls. RT-qPCR analysis was used
for the additional validation and showed that hsa_circ_0030777, hsa_
circ_0031258, hsa_circ_0000775, and hsa_circ_0047285 expressions
were upregulated while hsa_circ_0032253, hsa_circ_0002945, hsa_
circ_0003611 expressions were down-regulated within AD patients.
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Their study also suggested that circ-AXL, circ-GPHN, and circ-PCCA
might be useful in clinical settings for forecasting AD progression and
risk. Liu et al. (2020) discovered a significant decrease in the expression
of hsa_circ_0003391 in the peripheral blood mononuclear cells
(PBMC) from AD patients. They also concluded that there was a
correlation between the decrease and the clinical characteristics of AD
patients. Their research may not only offer significant potential
markers of circRNA for AD but also bring the hope of creating new
AD diagnostic techniques by measuring the peripheral circRNAs. In
conclusion, this research consistently validated that there are distinct
expression patterns of certain circRNAs within AD patients compared
to their counterparts. CircRNAs have the promising potential to
become diagnostic biomarkers and therapeutic targets for AD.

4.2 CircRNA and Parkinson’s disease

Parkinson’s disease (PD), a progressive neurodegenerative disorder
characterized by tremors and bradykinesia, is the second most
common neurodegenerative disease. Its prevalence is projected to
double in the next 30 years; however, accurate diagnosis of Parkinson’s
disease remains a challenge and the characterization of the early stages
of the disease is still ongoing (Tolosa et al.,, 2021; Cabreira and Massano,
2019). In general, circRNA accumulates around substantia nigra (SN)
in an age-dependent manner in healthy individuals; nevertheless, this
association is absent, and the overall quantity of circRNAs decreases in
the SN area of PD patients. Meanwhile, some circular RNA levels were
indeed elevated in some areas of the brain of individuals with PD
(Hanan et al., 2020a). This suggested that circRNA might have
regulatory functions in the onset and development of PD. Mutation in
the SNCA gene encoding the a-synuclein (aSYN) protein, is one of the
mechanisms that leads to PD, with aSYN expression levels abnormally
elevated in the neurons of PD patients (Sun et al., 2019; Calo et al,,
2016; Polymeropoulos et al., 1997). The use of dopamine agonists can
down-regulate circSNCA expression levels within PD cell models,
leading to miR-7 and aSYN down-regulation (Sang et al., 2018).
According to other research using PD mouse and cell culture models,
circDLGAP4 expression levels were down-regulated in PD, which
probably indicates neuroprotective properties by affecting the
miR-134-5p/CREB pathway (Feng et al., 2020). Piwecka et al. (2017)
discovered that miR-7 expression was significantly reduced in the
cerebellum, cortex, hippocampus, and olfactory bulb in CiRS-7
knockout mice, and that CiR-7 was reported to inhibit the expression
of aSYN, suggesting that CiR-7 may play a protective role in PD. The
outcomes of the research analyzing the transcriptomics of
circRNAs in different brain regions of AD in a mouse model showed
that mmu_circRNA_0000468, mmu_circRNA_0000870, mmu__
circRNA_0003292, mmu_circRNA_0004144, mmu_circRNA_
0013321 were down-regulated in AD and mmu_circRNA_0000517,
mmu_circRNA_0001320 were up-regulated in PD. These are the
results from the initial investigation of circRNA expression profiles in
various brain areas in a PD animal model. The possible involvement of
circRNAs within the pathophysiology of PD may be better understood
in light of these findings. Furthermore, the findings suggest that the
mmu_circRNA_0003292-miRNA-132-Nr4a2 pathway may be linked
to the regulation of Parkinson’s disease’s molecular mechanisms (Jia
etal., 2020). Additionally, some researchers have investigated circRNAs
as PD biomarkers that can be used for diagnosis and prediction.
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PBMC:s from 60 PD patients and 60 healthy control subjects were
comparatively analyzed, and the microarray results indicated that the
group of PD patients had considerably lower levels of six circRNAs. To
further assess the diagnostic value of variously expressed circRNAs in
PD patients, the area under the curve (AUC) was determined using
subject workup characterization (ROC) curves and the results showed
that circ_0000497, circ_0000826, circ_0003848, and circ_0126525 were
significantly down-regulated within the PD group, which means they
can be utilized as indicators for the detection of PD (Ravanidis et al.,
2021). In conclusion, by understanding the physiological mechanisms
of circRNAs, there is a clearer knowledge about their role in the
pathogenesis of PD, which will give circRNAs a foundation for
becoming indicators in PD diagnosis and treatment plans.

4.3 CircRNA and amyotrophic lateral
sclerosis

As a deadly and idiopathic degenerative illness of the human
locomotor system, ALS primarily causes progressive muscular
atrophy, weakness, and paralysis in patients, who will eventually
die from respiratory failure (Feldman et al, 2022). ALS is
characterized by quick development and significant lethality, and
its cause is still unclear. Functional deficiencies in ribonucleic acid
processing, protein clearance, and a repetitive amplification of
chromosome 9 are likely to be the underlying causes. The repeat
amplification of the reading frame of 72 genes on chromosome 9
(C90rf72) is a particularly prevalent hereditary cause for ALS
(Wang et al., 2021; D’Ambrosi et al., 2018; Obrador et al., 2021).
There are no current clinically applicable biomarkers for ALS, and
circRNAs are anticipated to serve as biomarkers for the
identification of ALS and the possible development of therapeutic
strategies. A study Dolinar et al. (2019) analyzed the microarray
expression profiles of circRNA differences within ALS by using
blood samples from 12 ALS individuals and 8 age and gender-
matched normal controls. The microarray expression data were
further verified by qPCR on blood samples from 60 ALS
individuals and 15 age and gender-matched normal controls.
Among the 10 selected circRNAs, 6 considerably up-regulated and
1 considerably down-regulated circRNAs were obtained from ALS
patients, which were further analyzed by a ROC curve test. Among
them, hsa_circ_0023919, hsa_circ_0088036, as well as hsa_
circ_0063411 were found to be possible ALS blood indicators. The
results from other studies showed an association between miR-647
expression in the spinal cord and ALS. Hsa_circ_0063411 contains
a binding site for miR-647, and its parental gene TNRC6B can
direct Ago-mediated gene silencing (Campos-Melo et al., 2013;
Nishi et al., 2013; Dudekula et al., 2016), which may suggest that
hsa_circ_006341 may be able to affect ALS by regulating miR-647.
Previous studies have also shown that hsa_circ_0088036 promotes
fibroblast-like synoviocytes to proliferate and migrate in RA by
up-regulating SIRT1 expression and competitively binding to
miR-140-3p (Zhong et al., 2020). Therefore, the aforementioned
studies have indicated that circRNAs may influence the
development of ALS, however, more experimental studies are still
needed to identify potent circRNA markers and potential
treatment targets of ALS for early diagnosis, progression
prediction, and therapeutic strategies.
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5 CircRNA and acute
neurodegenerative diseases

5.1 CircRNA and cerebral ischemic diseases

There are currently only a few successful therapies for cerebral
ischemic diseases, a disease which can cause significant brain damage,
disability, and mortality. Cerebral ischemic diseases encompass
cerebral ischemia-reperfusion injuries and post-stroke cerebral
ischemia (Yang et al., 2018). According to Han et al., circHectdl
expression was reportedly to be substantially increased in ischemic
brain areas and silencing of circHectdl expression dramatically
minimized infarct size, alleviated neuronal abnormalities, and
promoted astrocyte activity (Han et al, 2018). Mechanistically,
circHectdl can function as a microRNA142 sponge that reduces
miR-142 activity, which in turn suppresses astrocyte activation
poly
(ADP-ribose) polymerase expression. Moreover, circTLK1 exacerbates

through macrophage/autophagy and TCDD-inducible

post-ischemic stroke neuronal injury and neurological deficits (Wu
et al,, 2019). Shang et al. discovered that hsa_circ_0001449 was
up-regulated within ischemic stroke areas and circ_0001449 competed
alongside Osbpl5 mRNA for binding to miR-124-3p and miR-32-5p
to enhance ORP5 protein levels (Shang et al., 2020). Lin et al. (2016)
established the up-regulation of hsa_circ_0001449 in cultured
hippocampal cells. An OGD/R (oxygen-glucose deprivation/
reoxygenation) model was used in hippocampal neurons in culture,
and differently expressed circRNAs in OGD/R models of cell cultures
and their counterparts in cultures without ischemia were examined.
15 circRNAs were found to have significantly different expressions
between the OGD/R model and the control according to circRNA
microarray analysis. Utilizing qQRT-PCR, the increased expression of
mmu-circRNA-015947 was confirmed. Thisspecific circRNA may
adsorb the miRNAs of mmu-miR-188-3p, mmu-miR-329-5p,
mmu-miR-3057-3p, mmu-miR-5098, and mmu-miR-683, enhancing
their target gene expression. In another study (Liu et al.,, 2017),
temporary middle cerebral artery blockages were used to create a
mouse model of focal cerebral hypoxia. CircRNA microarray analysis
revealed that 1,027 circRNAs were substantially differently expressed
in 48 h following ischemic cerebral reperfusion in comparison with
the group that did not undergo surgery. Nineteen of them had
considerably higher expression levels while the 11 of them had
significantly lower levels of expression. Further qRT-PCR analysis was
performed to validate the expression of three selected circRNAs and
the outcomes demonstrated that the expression levels of mmu_
circRNA_013120, mmu_circRNA_40001 were up-regulated, and
mmu_circRNA_40806 were down-regulated. These circRNAs offer
novel targets for the treatment of stroke and may also be used as
biomarkers for indicating the progression of cerebral ischemia. In a
focal cerebral ischemia-reperfusion mouse model, circUCK2
decreased oxygen and glucose deprivation (OGD)-induced apoptosis
by controlling transforming growth factor g (TGF-p)/Smad3 signaling
(Chen etal., 2020). The up-regulation of circUCK2 levels dramatically
decreased infarct size, mitigated neuronal injury, and improved
neurological impairment. Furthermore, circUCK2 functioned as an
endogenous sponge for miR-125b-5p and stifled its action, resulting
in elevated expression of growth differentiating factor and a
consequent reduction in neuronal damage. The above research has
suggested that circRNAs could be biomarkers of cerebral ischemia
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injury progression and might be therapeutic targets for treatment.
However, these studies are preclinical studies, and clinical trials are
warranted to validate this claim before they can be used in
clinical applications.

5.2 CircRNA and traumatic brain injury

TBI is a brain injury that results from mechanical external forces,
causing either temporary or permanent damage (Capizzi et al., 2020)
and constitutes one of the primary contributors of chronic disability
and mortality globally. There is no evidence to suggest that current
pharmacologic interventions can enhance outcomes following TBI
(Cancelliere et al., 2017; Brazinova et al., 2021; El-Menyar et al., 2017).
A full set of 192 circRNAs was identified to be differently expressed in
TBI rats according to a study that used microarrays to show changed
circRNAs in the hippocampal regions of the rats. They identified 98
up-regulated and 94 down-regulated circRNAs. Both GO and KEGG
pathways analysis indicated that mRNAs transcribed from multiple
differentially expressed circRNA host genes were associated with brain
injury and neurodegeneration. Furthermore, RT-PCR was employed
to confirm the distinct expression of four circRNAs and the results
showed that the expression of rno_circRNA_001167 and rno_
circRNA_001168 were down-regulated, while the expression of rno_
circRNA_006508 and rno_circRNA_010705 were up-regulated. These
results revealed circRNA role in functional dysregulation within the
pathophysiological process after TBI. Nevertheless, additional
investigation from both preclinical and clinical settings are necessary
to further understand the biological roles of these circRNAs (Xie
etal., 2018).

5.3 CircRNA and epilepsy

Epilepsy is one of the most prevalent neurological disorders,
with the highest risk of development occurring in infants and the
elderly (Thijs et al., 2019; Manford, 2017). Epilepsy is a clinical
phenomenon caused by highly coordinated aberrant neuronal
discharges in the brain (Beghi et al., 2015). NcRNAs are involved
within the control of pathological and physiological activities of
the brain and are dysregulated during epileptogenesis (Shao and
Chen, 2017). CircRNAs may be crucial in the onset of epilepsy
and may serve as biomolecular targets and markers for clinical
diagnosis. Gong et al. (2018) found that an overall of 586
differently expressed circRNAs were identified in temporal lobe
epilepsy (TLE) compared to control tissues. CircRNA-0067835
expression was notably down-regulated within TLE patients’
plasma and tissue samples. Lower circRNA-0067835 was
significantly associated with higher seizure frequency,
hippocampal sclerosis, and higher Engel scores. Utilizing a
luciferase reporter gene test, circRNA-0067835 was found to
function as a miR-155 sponge to affect FOXO3a expression.
Research has demonstrated that circRNA-0067835 serves to be a
miR-155 sponge to enhance the expression of FOXO3a, hence
controlling the development of refractory epilepsy. This finding
raises the possibility that circRNA-0067835 could be a therapeutic
target for individuals with TLE. 17 TLE and 17 non-TLE patients

had their temporal lobe cortex obtained by Li et al. (2018).
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Utilizing high-throughput sequencing, total RNA was extracted
and the transcriptome of dysregulated circRNAs was examined.
Quantitative PCR was performed to validate the altered circRNAs.
442 circRNAs were found to be expressed differently within the
TLE and non-TLE controls, among them, 188 circRNAs were
up-regulated and 254 were down-regulated in the TLE patients.
With quantitative PCR, 8 circRNAs were further verified. Notably,
circ-EFCAB2 was strongly upregulated in the TLE category,
whereas the expression of circ-DROSHA was considerably
reduced in the non-TLE category. Bioinformatics analysis revealed
that the binding of circ-EFCAB2 to miR-485-5p increased the
expression level of the ion channel CLCNG6, whereas the
interaction of circ-DROSHA with miR-1252-5p decreased the
expression levels of ATP1A2. The pathophysiology of TLE may
be reflected in the dysregulation of circRNAs. And circ-EFCAB2
and circ-DROSHA may represent viable targets for therapy. Zheng
etal. (2021) showed that circ. DROSHA was downregulated in the
samples of TLE patients’ serum. In a TLE cell model, they found
that circ_DROSHA regulates MEF2C expression via competitive
binding to miR-106b-5p and affects cell injury in TLE cell models.
CircUBQLNT1 prevents neurological injury in Mg**-treated human
hippocampal neuron (HN-h) cells by controlling the miR-155/
SOX?7 axis, which suggests that circUBQLN1 could be employed
as a treatment target during epilepsy therapy (Zhu et al., 2021).
Lee et al. (2018) discovered that 43 circRNAs were dysregulated
in the hippocampus of an epilepsy mouse model, among which 26
were up-regulated and 17 were down-regulated. Changes in
miRNA response elements (MRE) expression in these circRNAs
were inversely connected to shifts in the target miRNAS
expression, supporting the claim that circRNAs could inhibit the
expression of their target miRNAs. Further PCR validation
showed that mmu_circRNA_016800 expression was down-
mmu_circRNA_002170
up-regulated, suggesting that dysregulated circRNAs could

regulated, while expression was
regulate multiple disease-associated mRNAs through circRNA-
miRNA-mRNA interactions, thereby contributing to the
pathophysiology of persistent epilepsy.

6 Potential applications of CircRNAs in
NDDs

Firstly, circRNAs can serve as diagnostic markers for NDDs
(Chen, 2016; Kristensen et al., 2019; Verduci et al., 2021). CircRNAs
are structurally stable and hold significant potential for the early
diagnosis and monitoring of NDDs. The detection of specific
circRNAs in bodily fluids, such as blood and cerebrospinal fluid, can
be utilized as a biomarker of disease (Beylerli et al., 2024). Some
circRNAs are uniquely expressed in specific nerve cell types or brains,
and thus can be used as diagnostic markers for NDDs. Secondly,
circRNAs can be used as therapeutic targets for NDDs. CircRNAs can
regulate gene expression through multiple mechanisms, thus affecting
the development of NDDs. circRNAs can regulate gene expression,
modulate neuroinflammation, affect protein aggregation, interact with
proteins, and influence protein function and activity, providing new
targets for the treatment of NDDs (Sang et al., 2018; Titze-de-Almeida
and Titze-de-Almeida, 2023; D'Anca et al., 2022). Thirdly, it can act in
drug development and delivery. Circular RNA itself can be used as a
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target for drug development. By screening small molecule drugs or
antibodies against specific circRNAs, the expression or function of
circRNAs can be regulated to treat NDDs. In addition, circRNAs have
the characteristics of low immunogenicity and high stability, which
makes them a potential carrier for drug delivery. Drugs for the
treatment of neurodegenerative diseases can be encapsulated in
circRNA and delivered to specific nerve cells or brain regions through
this carrier, improving the therapeutic effect of the drugs while
reducing the toxic side effects of drugs carriers on normal tissues
(Feng et al., 2020; Bai et al., 2018; Liu et al., 2022; Cheng et al., 2022;
Hanan et al., 2020b).

6.1 Limitations and future outlook

The incidence of non-communicable diseases, such as NDDs and
other geriatric illnesses has increased as a result of population aging
(Gitler et al., 2017). The complex pathogenesis of these diseases, the
insidious nature of its early changes, and the lack of diagnosis and
treatment-related markers contribute to some of the characteristics of
NDD treatment, such as difficult early diagnosis, lack of efficient
treatments, and poor prognosis. CircRNAs are involved in a range of
events in cells, which include cell proliferation, motility, immunity,
apoptosis, senescence, and oxidative stress (Misir et al., 2022).
CircRNAS’ unique structural composition makes them highly
distinctive players that are different from other cell molecules and also
allows them to produce tissue-specific expression patterns (Misir
et al., 2022). Many circRNAs are stable and express themselves
specifically in terms of tissues or organs, including the brain, which
makes them potential good candidates for indicators of CNS diseases
such as NDDs.

However, there are still some limitations in the current study of
circRNAs in NDDs. Firstly, most of the differentially expressed
circRNAs identified through microarray or RNA sequencing analyses
have not yet been validated in human samples, and although some
circRNAs have been preliminarily validated, the analyses utilized
small sample sizes, which may reduce the statistical efficacy. Secondly,
most mechanistic studies of NDDs have been confined to in vitro
cellular studies, and some in vivo level studies are lacking. Thirdly,
current studies primarily focus on blood specimens, while data from
other body fluids and lesion specimen studies are still lacking and
need to be supplemented. Fourthly, current studies evaluate the
associations between dysregulated circRNAs, microRNAs (miRNAs),
and mRNAs, and further validation of the regulatory interactions
among them is still needed. Fifthly, the specific molecules and
pathways upstream and downstream of circRNAs are not yet fully
understood. Based on this, more research on the role of circRNAs in
NDDs and the healthy brain is needed, and it is reccommended that all
types of regulatory RNAs and mRNAs be included in these studies and
that more advanced circRNA data analysis and bioinformatics
algorithms be used to comprehensively understand the interactions of
circRNAs in NDDs. This is of great scientific significance for the
in-depth understanding of the mechanism of NDDs, and more
importantly, for the clinical development of NDDs through potential
targets and means for clinical diagnosis and treatment of NDDs. It is
expected that the rapid development of biotechnology and clinical
research will promote the role of circRNAs in the diagnosis and
treatment of NDDs.

frontiersin.org


https://doi.org/10.3389/fncel.2024.1470641
https://www.frontiersin.org/journals/cellular-neuroscience
https://www.frontiersin.org

Lietal.

Author contributions

XL: Conceptualization, Writing — original draft, Writing - review
& editing. PW: Writing - review & editing. SQ: Writing — review &
editing. JZ: Writing - review & editing. JA: Writing - review & editing.
JW: Conceptualization, Supervision, Writing - review & editing. ZD:
Conceptualization, Funding acquisition, Supervision, Writing -
review & editing.

Funding

The author(s) declare that financial support was received for the
research, authorship, and/or publication of this article. This study is
financially supported by Science and Technology Department of
Shaanxi Province (2022KXJ-019): Scientist + engineer” team
construction for Research and development and application of
Integrated Chinese and Western Medicine in diagnosis and treatment
of difficult thyroid diseases, China; Shanxi Central Administration
Bureau (2022-SLRH-LG-005), “Double Chain Integration” Research
and Innovation Team of Chinese and Western Integrated Thyroid
Disease Diagnosis and Treatment, China; Science and Technology
Department of Shanxi Province (2023-ZLSF-56), Joint Research and

References

Abdelmohsen, K., Panda, A. C., Munk, R., Grammatikakis, 1., Dudekula, D. B., De, S.,
et al. (2017). Identification of HuR target circular RNAs uncovers suppression of
PABPNI1 translation by CircPABPN1. RNA Biol. 14, 361-369. doi:
10.1080/15476286.2017.1279788

Alcendor, D. J. (2020). Interactions between amyloid-B proteins and human brain
Pericytes: implications for the pathobiology of Alzheimer's disease. J. Clin. Med. 9:1490.
doi: 10.3390/jcm9051490

Andreone, B. J., Larhammar, M., and Lewcock, J. W. (2020). Cell death and
neurodegeneration. Cold Spring Harb. Perspect. Biol. 12:434. doi: 10.1101/
cshperspect.a036434

Ashwal-Fluss, R., Meyer, M., Pamudurti, N. R., Ivanov, A., Bartok, O., Hanan, M., et al.
(2014). circRNA biogenesis competes with pre-mRNA splicing. Mol. Cell 56, 55-66. doi:
10.1016/j.molcel.2014.08.019

Bai, Y., Zhang, Y., Han, B., Yang, L., Chen, X., Huang, R, et al. (2018). Circular RNA
DLGAP4 ameliorates ischemic stroke outcomes by targeting miR-143 to regulate
endothelial-mesenchymal transition associated with blood-brain barrier integrity. J.
Neurosci. 38, 32-50. doi: 10.1523/JNEUROSCI.1348-17.2017

Barbero-Camps, E., Roca-Agujetas, V., Bartolessis, I, de Dios, C.,
Fernandez-Checa, J. C., Mari, M., et al. (2018). Cholesterol impairs autophagy-mediated
clearance of amyloid beta while promoting its secretion. Autophagy 14, 1129-1154. doi:
10.1080/15548627.2018.1438807

Beghi, E., Giussani, G., and Sander, J. W. (2015). The natural history and prognosis of
epilepsy. Epileptic Disord. 17, 243-253. doi: 10.1684/epd.2015.0751

Beylerli, O., Beilerli, A., Ilyasova, T., Shumadalova, A., Shi, H., and Sufianov, A. (2024).
CircRNAs in Alzheimer's disease: what are the prospects? Noncoding RNA Res. 9,
203-210. doi: 10.1016/j.ncrna.2023.11.011

Bigarré, I. M., Trombetta, B. A., Guo, Y. ], Arnold, S. E., and Carlyle, B. C. (2021).
IGF2R circular RNA hsa_circ_0131235 expression in the middle temporal cortex is
associated with AD pathology. Brain Behav. 11:e02048. doi: 10.1002/brb3.2048

Bingol, B., and Sheng, M. (2011). Deconstruction for reconstruction: the role of
proteolysis in neural plasticity and disease. Neuron 69, 22-32. doi: 10.1016/j.
neuron.2010.11.006

Brazinova, A., Rehorcikova, V., Taylor, M. S., Buckova, V., Majdan, M., Psota, M., et al.
(2021). Epidemiology of traumatic brain injury in Europe: a living systematic review. J.
Neurotrauma 38, 1411-1440. doi: 10.1089/neu.2015.4126

Burd, C. E,, Jeck, W. R,, Liu, Y., Sanoff, H. K., Wang, Z., and Sharpless, N. E. (2010).
Expression of linear and novel circular forms of an INK4/ARF-associated non-coding
RNA correlates with atherosclerosis risk. PLoS Genet. 6:¢1001233. doi: 10.1371/journal.
pgen.1001233

Cabreira, V., and Massano, J. (2019). Parkinson's disease: clinical review and update.
Acta Medica Port. 32, 661-670. doi: 10.20344/amp.11978

Frontiers in Cellular Neuroscience

10.3389/fncel.2024.1470641

Development of hospital preparations for Hashimoto thyroiditis,
Exploration of therapeutic mechanism and Formulation of TCM
diagnosis and treatment Plan, China.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member
of Frontiers, at the time of submission. This had no impact on the peer
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Calo, L., Wegrzynowicz, M., Santivafiez-Perez, J., and Grazia, S. M. (2016). Synaptic
failure and a-synuclein. Mov. Disord. 31, 169-177. doi: 10.1002/mds.26479

Campos-Melo, D., Droppelmann, C. A., He, Z., Volkening, K., and Strong, M. J.
(2013). Altered microRNA expression profile in amyotrophic lateral sclerosis: a
role in the regulation of NFL mRNA levels. Mol. Brain 6:26. doi:
10.1186/1756-6606-6-26

Cancelliere, C., Coronado, V. G., Taylor, C. A., and Xu, L. (2017). Epidemiology of
isolated versus nonisolated mild traumatic brain injury treated in emergency
departments in the United States, 2006-2012: sociodemographic characteristics. J. Head
Trauma Rehabil. 32, E37-e46. doi: 10.1097/HTR.0000000000000260

Cao, Y., Xu, Y, Zhang, R., Qi, J., Su, Q,, and Chen, Z. (2024). Circ_0000115 protects
against cerebral ischemia injury by suppressing neuronal apoptosis, oxidative stress and
inflammation by miR-1224-5p/Nos3 Axis in vitro. Mol. Biotechnol. 66, 1082-1094. doi:
10.1007/s12033-023-01005-5

Cao, C., Zhang, J., Zhang, Z., Feng, Y., and Wang, Z. (2021). Knockdown circular RNA
circGFRAL1 inhibits glioma cell proliferation and migration by upregulating
microRNA-99a. Neuroreport 32, 748-756. doi: 10.1097/WNR.0000000000001649

Capizzi, A., Woo, J., and Verduzco-Gutierrez, M. (2020). Traumatic brain injury: An
overview of epidemiology, pathophysiology, and medical management. Med. Clin. North
Am. 104, 213-238. doi: 10.1016/j.mcna.2019.11.001

Chen, L. L. (2016). The biogenesis and emerging roles of circular RNAs. Nat. Rev. Mol.
Cell Biol. 17, 205-211. doi: 10.1038/nrm.2015.32

Chen, G., Shan, X,, Li, L., Dong, L., Huang, G., and Tao, H. (2022). circHIPK3
regulates apoptosis and mitochondrial dysfunction induced by ischemic stroke in mice
by sponging miR-148b-3p via CDK5R1/SIRT1. Exp. Neurol. 355:114115. doi: 10.1016/j.
expneurol.2022.114115

Chen, W,, Wang, H., Feng, J., and Chen, L. (2020). Overexpression of circRNA
circUCK2 attenuates cell apoptosis in cerebral ischemia-reperfusion injury via
miR-125b-5p/GDF11 signaling. Mol. Ther. Nucleic Acids 22, 673-683. doi: 10.1016/j.
omtn.2020.09.032

Chen, Z., Wang, H., Zhong, J., Yang, J., Darwazeh, R., Tian, X,, et al. (2019).
Significant changes in circular RNA in the mouse cerebral cortex around an injury
site after traumatic brain injury. Exp. Neurol. 313, 37-48. doi: 10.1016/j.
expneurol.2018.12.003

Chen, W.,, Wang, H., Zhu, Z., Feng, J., and Chen, L. (2020). Exosome-shuttled
circSHOC2 from IPASs regulates neuronal autophagy and ameliorates ischemic brain
injury via the miR-7670-3p/SIRT1 Axis. Mol. Ther. Nucleic Acids 22, 657-672. doi:
10.1016/j.0mtn.2020.09.027

Chen, W, Zhang, Y., Yin, M., Cheng, Z., Li, D., Luo, X,, et al. (2022). Circular RNA
circPRDX3 mediates neuronal survival apoptosis in ischemic stroke by targeting
miR-641 and NPR3. Brain Res. 1797:148114. doi: 10.1016/j.brainres.2022.148114

frontiersin.org


https://doi.org/10.3389/fncel.2024.1470641
https://www.frontiersin.org/journals/cellular-neuroscience
https://www.frontiersin.org
https://doi.org/10.1080/15476286.2017.1279788
https://doi.org/10.3390/jcm9051490
https://doi.org/10.1101/cshperspect.a036434
https://doi.org/10.1101/cshperspect.a036434
https://doi.org/10.1016/j.molcel.2014.08.019
https://doi.org/10.1523/JNEUROSCI.1348-17.2017
https://doi.org/10.1080/15548627.2018.1438807
https://doi.org/10.1684/epd.2015.0751
https://doi.org/10.1016/j.ncrna.2023.11.011
https://doi.org/10.1002/brb3.2048
https://doi.org/10.1016/j.neuron.2010.11.006
https://doi.org/10.1016/j.neuron.2010.11.006
https://doi.org/10.1089/neu.2015.4126
https://doi.org/10.1371/journal.pgen.1001233
https://doi.org/10.1371/journal.pgen.1001233
https://doi.org/10.20344/amp.11978
https://doi.org/10.1002/mds.26479
https://doi.org/10.1186/1756-6606-6-26
https://doi.org/10.1097/HTR.0000000000000260
https://doi.org/10.1007/s12033-023-01005-5
https://doi.org/10.1097/WNR.0000000000001649
https://doi.org/10.1016/j.mcna.2019.11.001
https://doi.org/10.1038/nrm.2015.32
https://doi.org/10.1016/j.expneurol.2022.114115
https://doi.org/10.1016/j.expneurol.2022.114115
https://doi.org/10.1016/j.omtn.2020.09.032
https://doi.org/10.1016/j.omtn.2020.09.032
https://doi.org/10.1016/j.expneurol.2018.12.003
https://doi.org/10.1016/j.expneurol.2018.12.003
https://doi.org/10.1016/j.omtn.2020.09.027
https://doi.org/10.1016/j.brainres.2022.148114

Lietal.

Chen, N, Zhao, G, Yan, X, Lv, Z., Yin, H., Zhang, S., et al. (2018). A novel FLI1 exonic
circular RNA promotes metastasis in breast cancer by coordinately regulating TET1 and
DNMT1. Genome Biol. 19:218. doi: 10.1186/s13059-018-1594-y

Cheng, Q,, Cao, X., Xue, L., Xia, L., and Xu, Y. (2019). CircPRKCI-miR-545/589-E2F7
axis dysregulation mediates hydrogen peroxide-induced neuronal cell injury. Biochem.
Biophys. Res. Commun. 514, 428-435. doi: 10.1016/j.bbrc.2019.04.131

Cheng, Q., Wang, J., Li, M., Fang, J., Ding, H., Meng, ], et al. (2022). CircSV2b
participates in oxidative stress regulation through miR-5107-5p-Foxk1-Aktl axis in
Parkinson's disease. Redox Biol. 56:102430. doi: 10.1016/j.redox.2022.102430

Choi, D. C., Chae, Y. J., Kabaria, S., Chaudhuri, A. D., Jain, M. R, Li, H., et al. (2014).
MicroRNA-7 protects against 1-methyl-4-phenylpyridinium-induced cell death by
targeting RelA. J. Neurosci. 34, 12725-12737. doi: 10.1523/J]NEUROSCI.0985-14.2014

Chuang, T. J., Wu, C. S,, Chen, C. Y,, Hung, L. Y., Chiang, T. W,, and Yang, M. Y.
(2016). NCLscan: accurate identification of non-co-linear transcripts (fusion, trans-
splicing and circular RNA) with a good balance between sensitivity and precision.
Nucleic Acids Res. 44:€29. doi: 10.1093/nar/gkv1013

Cobley, J. N, Fiorello, M. L., and Bailey, D. M. (2018). 13 reasons why the brain is
susceptible to oxidative stress. Redox Biol. 15, 490-503. doi: 10.1016/j.redox.2018.01.008

D’Ambrosi, N., Cozzolino, M., and Carri, M. T. (2018). Neuroinflammation in
amyotrophic lateral sclerosis: role of redox (dys)regulation. Antioxid. Redox Signal. 29,
15-36. doi: 10.1089/ars.2017.7271

D'Anca, M., Buccellato, E R., Fenoglio, C., and Galimberti, D. (2022). Circular RNAs:
Emblematic Players of Neurogenesis and Neurodegeneration. Int. J. Mol. Sci. 23:4134.
doi: 10.3390/ijms23084134

Dauwan, M., Begemann, M. J. H,, Slot, M. 1. E,, Lee, E. H. M., Scheltens, P., and
Sommer, I. E. C. (2021). Physical exercise improves quality of life, depressive symptoms,
and cognition across chronic brain disorders: a transdiagnostic systematic review and
meta-analysis of randomized controlled trials. J. Neurol. 268, 1222-1246. doi: 10.1007/
s00415-019-09493-9

Di Meco, A., Curtis, M. E., Lauretti, E., and Pratico, D. (2020). Autophagy dysfunction
in Alzheimer's disease: mechanistic insights and new therapeutic opportunities. Biol.
Psychiatry 87, 797-807. doi: 10.1016/j.biopsych.2019.05.008

Diling, C., Yinrui, G., Longkai, Q., Xiaocui, T, Yadi, L., Xin, Y, et al. (2019). Circular RNA
NF1-419 enhances autophagy to ameliorate senile dementia by binding Dynamin-1 and
adaptor protein 2 B1 in AD-like mice. Aging 11, 12002-12031. doi: 10.18632/aging.102529

Dolinar, A., Koritnik, B., Glava¢, D., and Ravnik-Glavaé, M. (2019). Circular RNAs as
potential blood biomarkers in amyotrophic lateral sclerosis. Mol. Neurobiol. 56,
8052-8062. doi: 10.1007/s12035-019-1627-x

Du, W. W, Fang, L., Yang, W., Wu, N., Awan, E M., Yang, Z., et al. (2017). Induction
of tumor apoptosis through a circular RNA enhancing Foxo3 activity. Cell Death Differ.
24, 357-370. doi: 10.1038/cdd.2016.133

Du, M., Wu, C,, Yu, R,, Cheng, Y., Tang, Z., Wu, B,, et al. (2022). A novel circular RNA,
circlgfbp2, links neural plasticity and anxiety through targeting mitochondrial
dysfunction and oxidative stress-induced synapse dysfunction after traumatic brain
injury. Mol. Psychiatry 27, 4575-4589. doi: 10.1038/s41380-022-01711-7

Du, W. W,, Yang, W,, Chen, Y., Wu, Z. K,, Foster, E. S., Yang, Z., et al. (2017). Foxo3
circular RNA promotes cardiac senescence by modulating multiple factors associated
with stress and senescence responses. Eur. Heart J. 38, 1402-1412. doi: 10.1093/
eurheartj/ehw001

Du, W. W, Yang, W, Li, X,, Fang, L., Wu, N,, Li, F, et al. (2020). The circular RNA
circSKA3 binds integrin p1 to induce Invadopodium formation enhancing breast Cancer
invasion. Mol. Ther. 28, 1287-1298. doi: 10.1016/j.ymthe.2020.03.002

Dudekula, D. B., Panda, A. C., Grammatikakis, I., De, S., Abdelmohsen, K., and
Gorospe, M. (2016). CircInteractome: a web tool for exploring circular RNAs and their
interacting  proteins and microRNAs. RNA  Biol. 13, 34-42. doi:
10.1080/15476286.2015.1128065

El-Menyar, A., Mekkodathil, A., Al-Thani, H., Consunji, R., and Latifi, R. (2017).
Incidence, demographics, and outcome of traumatic brain injury in the Middle East: a
systematic review. World Neurosurg. 107, 6-21. doi: 10.1016/j.wneu.2017.07.070

Feldman, E. L., Goutman, S. A., Petri, S., Mazzini, L., Savelieff, M. G., Shaw, P. ., et al.
(2022). Amyotrophic lateral sclerosis. Lancet 400, 1363-1380. doi: 10.1016/
S0140-6736(22)01272-7

Feng, Z., Zhang, L., Wang, S., and Hong, Q. (2020). Circular RNA circDLGAP4
exerts neuroprotective effects via modulating miR-134-5p/CREB pathway in
Parkinson's disease. Biochem. Biophys. Res. Commun. 522, 388-394. doi: 10.1016/j.
bbrc.2019.11.102

Ghafouri-Fard, S., Safari, M., Taheri, M., and Samadian, M. (2022). Expression of
linear and circular IncRNAs in Alzheimer's disease. J. Mol. Neurosci. 72, 187-200. doi:
10.1007/s12031-021-01900-z

Gitler, A. D., Dhillon, P, and Shorter, J. (2017). Neurodegenerative disease: models,
mechanisms, and a new hope. Dis. Model. Mech. 10, 499-502. doi: 10.1242/
dmm.030205

Gong, G. H,, An, E M., Wang, Y., Bian, M., Wang, D., and Wei, C. X. (2018).
Comprehensive circular RNA profiling reveals the regulatory role of the

Frontiers in Cellular Neuroscience

14

10.3389/fncel.2024.1470641

CircRNA-0067835/miR-155 pathway in temporal lobe epilepsy. Cell. Physiol. Biochem.
51, 1399-1409. doi: 10.1159/000495589

Greene, J., Baird, A. M, Brady, L., Lim, M., Gray, S. G., McDermott, R., et al. (2017).
Circular RNAs: biogenesis, function and role in human diseases. Front. Mol. Biosci. 4:38.
doi: 10.3389/fmolb.2017.00038

Gupta, R., Ambasta, R. K., and Pravir, K. (2021). Autophagy and apoptosis cascade:
which is more prominent in neuronal death? Cell. Mol. Life Sci. 78, 8001-8047. doi:
10.1007/s00018-021-04004-4

Hall, I. E, Climent, M., Quintavalle, M., Farina, E. M., Schorn, T., Zani, S., et al. (2019).
Circ_Lrp6, a circular RNA enriched in vascular smooth muscle cells, acts as a sponge
regulating miRNA-145 function. Circ. Res. 124, 498-510. doi: 10.1161/
CIRCRESAHA.118.314240

Han, B., Zhang, Y., Zhang, Y., Bai, Y., Chen, X., Huang, R., et al. (2018). Novel insight
into circular RNA HECTD1 in astrocyte activation via autophagy by targeting MIR142-
TIPARP: implications for cerebral ischemic stroke. Autophagy 14, 1164-1184. doi:
10.1080/15548627.2018.1458173

Hanan, M., Simchovitz, A., Yayon, N., Vaknine, S., Cohen-Fultheim, R., Karmon, M.,
et al. (2020a). A Parkinson's disease CircRNAs resource reveals a link between
circSLC8A1 and oxidative stress. EMBO Mol. Med. 12:e11942. doi: 10.15252/
emmm.201911942

Hanan, M., Simchovitz, A., Yayon, N., Vaknine, S., Cohen-Fultheim, R., Karmon, M.,
et al. (2020b). A Parkinson's disease CircRNAs resource reveals a link between
circSLC8A1 and oxidative stress. EMBO Mol. Med. 12:e13551. doi: 10.15252/
emmm.202013551

Hanan, M., Soreq, H., and Kadener, S. (2017). CircRNAs in the brain. RNA Biol. 14,
1028-1034. doi: 10.1080/15476286.2016.1255398

Hansen, T. B., Wiklund, E. D., Bramsen, J. B., Villadsen, S. B., Statham, A. L.,
Clark, S. J., et al. (2011). miRNA-dependent gene silencing involving Ago2-mediated
cleavage of a circular antisense RNA. EMBO J. 30, 4414-4422. doi: 10.1038/
embo;j.2011.359

Holdt, L. M., Stahringer, A., Sass, K., Pichler, G., Kulak, N. A., Wilfert, W., et al.
(2016). Circular non-coding RNA ANRIL modulates ribosomal RNA maturation
and atherosclerosis in humans. Nat. Commun. 7:12429. doi: 10.1038/
ncomms12429

Hou, Y., Dan, X., Babbar, M., Wei, Y., Hasselbalch, S. G., Croteau, D. L., et al. (2019).
Ageing as a risk factor for neurodegenerative disease. Nat. Rev. Neurol. 15, 565-581. doi:
10.1038/s41582-019-0244-7

Huang, J. L., Qin, M. C,, Zhou, Y., Xu, Z. H,, Yang, S. M., Zhang, F, et al. (2018).
Comprehensive analysis of differentially expressed profiles of Alzheimer's disease
associated circular RNAs in an Alzheimer's disease mouse model. Aging 10, 253-265.
doi: 10.18632/aging.101387

Huang, R., Yang, Z, Liu, Q, Liu, B,, Ding, X., and Wang, Z. (2022). CircRNA
DDX21 acts as a prognostic factor and sponge of miR-1264/QKI axis to weaken the
progression of triple-negative breast cancer. Clin. Transl. Med. 12:768. doi: 10.1002/
ctm2.768

Huang, A., Zheng, H., Wu, Z., Chen, M., and Huang, Y. (2020). Circular RNA-protein
interactions: functions, mechanisms, and identification. Theranostics 10, 3503-3517. doi:
10.7150/thno.42174

Ji, P, Wu, W, Chen, S., Zheng, Y., Zhou, L., Zhang, ], et al. (2019). Expanded
expression landscape and prioritization of circular RNAs in mammals. Cell Rep. 26,
3444-60.e5. doi: 10.1016/j.celrep.2019.02.078

Jia, E., Zhou, Y., Liu, Z., Wang, L., Ouyang, T., Pan, M., et al. (2020). Transcriptomic
profiling of circular RNA in different brain regions of Parkinson's disease in a mouse
model. Int. J. Mol. Sci. 21:3006. doi: 10.3390/ijms21083006

Jiang, M., Li, Y., Fan, W,, Shen, X,, Jiang, K., and Wang, D. (2023). Circ-KATNAL1
knockdown reduces neuronal apoptosis and alleviates spinal cord injury through the
miR-98-5p/PRDMS5 regulatory Axis. Mol. Biotechnol. 66, 2841-2849. doi: 10.1007/
512033-023-00895-9

Jiang, D., Li, T., Guo, C., Tang, T. S., and Liu, H. (2023). Small molecule modulators
of chromatin remodeling: from neurodevelopment to neurodegeneration. Cell Biosci.
13:10. doi: 10.1186/s13578-023-00953-4

Jiang, Y., and Xu, N. (2023). The emerging role of autophagy-associated IncRNAs in
the pathogenesis of neurodegenerative diseases. Int. J. Mol. Sci. 24:9686. doi: 10.3390/
ijms24119686

Jin, C., Wang, A., Liu, L., Wang, G., and Li, G. (2019). Hsa_circ_0136666 promotes
the proliferation and invasion of colorectal cancer through miR-136/SH2B1 axis. J. Cell.
Physiol. 234, 7247-7256. doi: 10.1002/jcp.27482

Johnson, J., Mercado-Ayon, E., Mercado-Ayon, Y., Dong, Y. N., Halawani, S.,
Ngaba, L., et al. (2021). Mitochondrial dysfunction in the development and progression
of neurodegenerative diseases. Arch. Biochem. Biophys. 702:108698. doi: 10.1016/j.
abb.2020.108698

Khan, FE A., Nsengimana, B., Khan, N. H., Song, Z., Ngowi, E. E., Wang, Y., et al.
(2022). Chimeric peptides/proteins encoded by circRNA: An update on mechanisms
and functions in human cancers. Front. Oncol. 12:781270. doi: 10.3389/
fonc.2022.781270

frontiersin.org


https://doi.org/10.3389/fncel.2024.1470641
https://www.frontiersin.org/journals/cellular-neuroscience
https://www.frontiersin.org
https://doi.org/10.1186/s13059-018-1594-y
https://doi.org/10.1016/j.bbrc.2019.04.131
https://doi.org/10.1016/j.redox.2022.102430
https://doi.org/10.1523/JNEUROSCI.0985-14.2014
https://doi.org/10.1093/nar/gkv1013
https://doi.org/10.1016/j.redox.2018.01.008
https://doi.org/10.1089/ars.2017.7271
https://doi.org/10.3390/ijms23084134
https://doi.org/10.1007/s00415-019-09493-9
https://doi.org/10.1007/s00415-019-09493-9
https://doi.org/10.1016/j.biopsych.2019.05.008
https://doi.org/10.18632/aging.102529
https://doi.org/10.1007/s12035-019-1627-x
https://doi.org/10.1038/cdd.2016.133
https://doi.org/10.1038/s41380-022-01711-7
https://doi.org/10.1093/eurheartj/ehw001
https://doi.org/10.1093/eurheartj/ehw001
https://doi.org/10.1016/j.ymthe.2020.03.002
https://doi.org/10.1080/15476286.2015.1128065
https://doi.org/10.1016/j.wneu.2017.07.070
https://doi.org/10.1016/S0140-6736(22)01272-7
https://doi.org/10.1016/S0140-6736(22)01272-7
https://doi.org/10.1016/j.bbrc.2019.11.102
https://doi.org/10.1016/j.bbrc.2019.11.102
https://doi.org/10.1007/s12031-021-01900-z
https://doi.org/10.1242/dmm.030205
https://doi.org/10.1242/dmm.030205
https://doi.org/10.1159/000495589
https://doi.org/10.3389/fmolb.2017.00038
https://doi.org/10.1007/s00018-021-04004-4
https://doi.org/10.1161/CIRCRESAHA.118.314240
https://doi.org/10.1161/CIRCRESAHA.118.314240
https://doi.org/10.1080/15548627.2018.1458173
https://doi.org/10.15252/emmm.201911942
https://doi.org/10.15252/emmm.201911942
https://doi.org/10.15252/emmm.202013551
https://doi.org/10.15252/emmm.202013551
https://doi.org/10.1080/15476286.2016.1255398
https://doi.org/10.1038/emboj.2011.359
https://doi.org/10.1038/emboj.2011.359
https://doi.org/10.1038/ncomms12429
https://doi.org/10.1038/ncomms12429
https://doi.org/10.1038/s41582-019-0244-7
https://doi.org/10.18632/aging.101387
https://doi.org/10.1002/ctm2.768
https://doi.org/10.1002/ctm2.768
https://doi.org/10.7150/thno.42174
https://doi.org/10.1016/j.celrep.2019.02.078
https://doi.org/10.3390/ijms21083006
https://doi.org/10.1007/s12033-023-00895-9
https://doi.org/10.1007/s12033-023-00895-9
https://doi.org/10.1186/s13578-023-00953-4
https://doi.org/10.3390/ijms24119686
https://doi.org/10.3390/ijms24119686
https://doi.org/10.1002/jcp.27482
https://doi.org/10.1016/j.abb.2020.108698
https://doi.org/10.1016/j.abb.2020.108698
https://doi.org/10.3389/fonc.2022.781270
https://doi.org/10.3389/fonc.2022.781270

Lietal.

Kristensen, L. S., Andersen, M. S., Stagsted, L. V. W,, Ebbesen, K. K., Hansen, T. B.,
and Kjems, J. (2019). The biogenesis, biology and characterization of circular RNAs. Nat.
Rev. Genet. 20, 675-691. doi: 10.1038/s41576-019-0158-7

Kulcheski, E. R., Christoff, A. P.,, and Margis, R. (2016). Circular RNAs are miRNA
sponges and can be used as a new class of biomarker. J. Biotechnol. 238, 42-51. doi:
10.1016/j.jbiotec.2016.09.011

Kwon, H. S., and Koh, S. H. (2020). Neuroinflammation in neurodegenerative
disorders: the roles of microglia and astrocytes. Transl. Neurodegener. 9:42. doi: 10.1186/
540035-020-00221-2

Lee, W. J., Moon, ], Jeon, D., Kim, T. J., Yoo, J. S., Park, D. K., et al. (2018). Possible
epigenetic regulatory effect of dysregulated circular RNAs in epilepsy. PLoS One
13:¢0209829. doi: 10.1371/journal.pone.0209829

Legnini, I., Di Timoteo, G., Rossi, E, Morlando, M., Briganti, E, Sthandier, O., et al.
(2017). Circ-ZNF609 is a circular RNA that can be translated and functions in
Myogenesis. Mol. Cell 66, 22-37.9. doi: 10.1016/j.molcel.2017.02.017

Li, Y., Fan, H,, Sun, J,, Ni, M., Zhang, L., Chen, C,, et al. (2020). Circular RNA
expression profile of Alzheimer's disease and its clinical significance as biomarkers for
the disease risk and progression. Int. J. Biochem. Cell Biol. 123:105747. doi: 10.1016/j.
biocel.2020.105747

Li, J., Gao, X., Zhang, Z., Lai, Y., Lin, X, Lin, B,, et al. (2021). CircCD44 plays
oncogenic roles in triple-negative breast cancer by modulating the miR-502-5p/KRAS
and IGF2BP2/Myc axes. Mol. Cancer 20:138. doi: 10.1186/s12943-021-01444-1

Li, M., Hu, ], Peng, Y., Li, J., and Ren, R. (2021). CircPTK2-miR-181c-5p-HMGBI: a
new regulatory pathway for microglia activation and hippocampal neuronal apoptosis
induced by sepsis. Mol. Med. 27:45. doi: 10.1186/s10020-021-00305-3

Li, Z., Huang, C., Bao, C., Chen, L., Lin, M., Wang, X,, et al. (2015). Exon-intron
circular RNAs regulate transcription in the nucleus. Nat. Struct. Mol. Biol. 22, 256-264.
doi: 10.1038/nsmb.2959

Li, J., Lin, H., Sun, Z., Kong, G., Yan, X., Wang, Y., et al. (2018). High-throughput
data of circular RNA profiles in human temporal cortex tissue reveals novel insights
into temporal lobe epilepsy. Cell. Physiol. Biochem. 45, 677-691. doi:
10.1159/000487161

Li, Y, Lv, Z., Zhang, J., Ma, Q,, Li, Q, Song, L., et al. (2020). Profiling of
differentially expressed circular RNAs in peripheral blood mononuclear cells from
Alzheimer's disease patients. Metab. Brain Dis. 35, 201-213. doi: 10.1007/
s11011-019-00497-y

Li, W,, and Teng, J. (2023). circCELF1 induces the apoptosis and autophagy of
astrocytes in ischemic stroke via upregulating NFAT5. Cerebrovasc. Dis. 52, 306-317.
doi: 10.1159/000526359

Li, Y., Wang, H., Chen, L., Wei, K,, Liu, Y., Han, Y., et al. (2022). Circ_0003611
regulates apoptosis and oxidative stress injury of Alzheimer's disease via
miR-383-5p/KIF1B axis. Metab. Brain Dis. 37, 2915-2924. doi: 10.1007/
s11011-022-01051-z

Li, E, Xie, X. Y,, Sui, X. E, Wang, P, Chen, Z., and Zhang, J. B. (2020). Profile of
pathogenic proteins and MicroRNAs in plasma-derived extracellular vesicles in
Alzheimer's disease: a pilot study. Neuroscience 432, 240-246. doi: 10.1016/j.
neuroscience.2020.02.044

Lin, M. T., and Beal, M. E (2006). Mitochondrial dysfunction and oxidative stress in
neurodegenerative diseases. Nature 443, 787-795. doi: 10.1038/nature05292

Lin, S. P, Hu, J., Wei, J. X, Ye, S., Bu, J., Xu, W,, et al. (2020). Silencing of circFoxO3
protects HT22 cells from glutamate-induced oxidative injury via regulating the
mitochondrial apoptosis pathway. Cell. Mol. Neurobiol. 40, 1231-1242. doi: 10.1007/
510571-020-00817-2

Lin, S. P, Ye, S., Long, Y, Fan, Y., Mao, H. E, Chen, M. T, et al. (2016). Circular RNA
expression alterations are involved in OGD/R-induced neuron injury. Biochem. Biophys.
Res. Commun. 471, 52-56. doi: 10.1016/j.bbrc.2016.01.183

Liu, L., Chen, X., Chen, Y. H., and Zhang, K. (2020). Identification of circular RNA
hsa_Circ_0003391 in peripheral blood is potentially associated with Alzheimer's disease.
Front. Aging Neurosci. 12:601965. doi: 10.3389/fnagi.2020.601965

Liu, Q, Li, Q,, Zhang, R., Wang, H,, Li, Y, Liu, Z., et al. (2022). Circ-Pankl promotes
dopaminergic neuron neurodegeneration through modulating miR-7a-5p/a-syn
pathway in Parkinson's disease. Cell Death Dis. 13:477. doi: 10.1038/s41419-022-04934-2

Liu, C., Zhang, C,, Yang, J., Geng, X., Du, H., Ji, X,, et al. (2017). Screening circular
RNA expression patterns following focal cerebral ischemia in mice. Oncotarget 8,
86535-86547. doi: 10.18632/oncotarget.21238

Lonskaya, L, Shekoyan, A. R., Hebron, M. L., Desforges, N., Algarzae, N. K., and
Moussa, C. E. (2013). Diminished parkin solubility and co-localization with
intraneuronal amyloid-f are associated with autophagic defects in Alzheimer's disease.
J. Alzheimers Dis. 33, 231-247. doi: 10.3233/JAD-2012-121141

Lu, Y., Tan, L., and Wang, X. (2019). Circular HDAC9/microRNA-138/Sirtuin-1
pathway mediates synaptic and amyloid precursor protein processing deficits in
Alzheimer's disease. Neurosci. Bull. 35, 877-888. doi: 10.1007/512264-019-00361-0

Ma, N, Pan, J,, Ye, X,, Yu, B., Zhang, W., and Wan, J. (2019). Whole-transcriptome
analysis of APP/PS1 mouse brain and identification of circRNA-miRNA-mRNA
networks to investigate AD pathogenesis. Mol. Ther. Nucleic Acids 18, 1049-1062. doi:
10.1016/j.omtn.2019.10.030

Frontiers in Cellular Neuroscience

15

10.3389/fncel.2024.1470641

Manford, M. (2017). Recent advances in epilepsy. J. Neurol. 264, 1811-1824. doi:
10.1007/500415-017-8394-2

Meganck, R. M., Liu, J., Hale, A. E., Simon, K. E., Fanous, M. M., Vincent, H. A, et al.
(2021). Engineering highly efficient backsplicing and translation of synthetic circRNAs.
Mol. Ther. Nucleic Acids 23, 821-834. doi: 10.1016/j.omtn.2021.01.003

Mehta, S. L., Dempsey, R. ]., and Vemuganti, R. (2020). Role of circular RNAs in brain
development and CNS diseases. Prog. Neurobiol. 186:101746. doi: 10.1016/j.
pneurobio.2020.101746

Misir, S., Wu, N., and Yang, B. B. (2022). Specific expression and functions of circular
RNAs. Cell Death Differ. 29, 481-491. doi: 10.1038/s41418-022-00948-7

Nassif, M., and Hetz, C. (2012). Autophagy impairment: a crossroad between
neurodegeneration and tauopathies. BMC Biol. 10:78. doi: 10.1186/1741-7007-10-78

Nishi, K., Nishi, A., Nagasawa, T., and Ui-Tei, K. (2013). Human TNRC6A is an
Argonaute-navigator protein for microRNA-mediated gene silencing in the nucleus.
RNA 19, 17-35. doi: 10.1261/rna.034769.112

Obrador, E., Salvador-Palmer, R., Lopez-Blanch, R., Jihad-Jebbar, A., Vallés, S. L., and
Estrela, J. M. (2021). The link between oxidative stress, redox status, bioenergetics and
mitochondria in the pathophysiology of ALS. Int. J. Mol. Sci. 22:352. doi: 10.3390/
ijms22126352

Pan, H., Tang, L., Jiang, H., Li, X., Wang, R., Gao, ], et al. (2019). Enhanced expression
of circ_0000267 in hepatocellular carcinoma indicates poor prognosis and facilitates cell
progression by sponging miR-646. J. Cell. Biochem. 120, 11350-11357. doi: 10.1002/
jcb.28411

Panda, A. C., Grammatikakis, I., Kim, K. M., De, S., Martindale, J. L., Munk, R, et al.
(2017). Identification of senescence-associated circular RNAs (SAC-RNAs) reveals
senescence suppressor CircPVT1. Nucleic Acids Res. 45, 4021-4035. doi: 10.1093/
nar/gkw1201

Pinheiro, L., and Faustino, C. (2019). Therapeutic strategies targeting amyloid-p in
Alzheimer's disease. Curr. Alzheimer Res. 16, 418-452. doi: 10.217
4/1567205016666190321163438

Piwecka, M., Glazar, P, Hernandez-Miranda, L. R., Memczak, S., Wolf, S. A,
Rybak-Wolf, A., et al. (2017). Loss of a mammalian circular RNA locus causes miRNA
deregulation and affects brain function. Science 357:8526. doi: 10.1126/science.aam8526

Polymeropoulos, M. H., Lavedan, C., Leroy, E,, Ide, S. E., Dehejia, A, Dutra, A, et al.
(1997). Mutation in the alpha-synuclein gene identified in families with Parkinson's
disease. Science 276, 2045-2047. doi: 10.1126/science.276.5321.2045

Qu, S., Yang, X,, Li, X., Wang, ], Gao, Y., Shang, R,, et al. (2015). Circular RNA: a new
star of noncoding RNAs. Cancer Lett. 365, 141-148. doi: 10.1016/j.canlet.2015.06.003

Ravanidis, S., Bougea, A., Karampatsi, D., Papagiannakis, N., Maniati, M., Stefanis, L.,
etal. (2021). Differentially expressed circular RNAs in peripheral blood mononuclear cells
of patients with Parkinson's disease. Mov. Disord. 36, 1170-1179. doi: 10.1002/mds.28467

Rong, D,, Sun, H,, Li, Z., Liu, S., Dong, C., Fu, K,, et al. (2017). An emerging function
of circRNA-miRNAs-mRNA axis in human diseases. Oncotarget 8, 73271-73281. doi:
10.18632/oncotarget.19154

Rybak-Wolf, A., Stottmeister, C., Glazar, P, Jens, M., Pino, N., Giusti, S., et al. (2015).
Circular RNAs in the mammalian brain are highly abundant, conserved, and
dynamically expressed. Mol. Cell 58, 870-885. doi: 10.1016/j.molcel.2015.03.027

Sang, Q., Liu, X,, Wang, L., Qi, L., Sun, W,, Wang, W,, et al. (2018). CircSNCA
downregulation by pramipexole treatment mediates cell apoptosis and autophagy in
Parkinson's disease by targeting miR-7. Aging 10, 1281-1293. doi: 10.18632/
aging.101466

Sanger, H. L., Klotz, G., Riesner, D., Gross, H. J., and Kleinschmidt, A. K. (1976).
Viroids are single-stranded covalently closed circular RNA molecules existing as highly
base-paired rod-like structures. Proc. Natl. Acad. Sci. USA 73, 3852-3856. doi: 10.1073/
pnas.73.11.3852

Saramago, I, and Franceschi, A. M. (2021). Olfactory dysfunction in
neurodegenerative disease. Top. Magn. Reson. Imaging 30, 167-172. doi: 10.1097/
RMR.0000000000000271

Shang, E E, Luo, L., Yan, J., Yu, Q., Guo, Y., Wen, Y,, et al. (2020). CircRNA_0001449
disturbs phosphatidylinositol homeostasis and AKT activity by enhancing Osbpl5
translation in transient cerebral ischemia. Redox Biol. 34:101459. doi: 10.1016/j.
redox.2020.101459

Shao, Y., and Chen, Y. (2016). Roles of circular RNAs in neurologic disease. Front. Mol.
Neurosci. 9:25. doi: 10.3389/fnmol.2016.00025

Shao, Y., and Chen, Y. (2017). Pathophysiology and clinical utility of non-coding
RNAs in epilepsy. Front. Mol. Neurosci. 10:249. doi: 10.3389/fnmol.2017.00249

Shen, L., Bai, Y., Han, B., and Yao, H. (2019). Non-coding RNA and neuroinflammation:
implications for the therapy of stroke. Stroke Vasc. Neurol. 4, 96-98. doi: 10.1136/
svn-2018-000206

Shi, Z., Chen, T., Yao, Q, Zheng, L., Zhang, Z., Wang, J., et al. (2017). The circular RNA
ciRS-7 promotes APP and BACE1 degradation in an NF-kB-dependent manner. FEBS
J. 284, 1096-1109. doi: 10.1111/febs.14045

Simrén, J., Ashton, N. J., Blennow, K., and Zetterberg, H. (2020). An update on fluid
biomarkers for neurodegenerative diseases: recent success and challenges ahead. Curr.
Opin. Neurobiol. 61, 29-39. doi: 10.1016/j.conb.2019.11.019

frontiersin.org


https://doi.org/10.3389/fncel.2024.1470641
https://www.frontiersin.org/journals/cellular-neuroscience
https://www.frontiersin.org
https://doi.org/10.1038/s41576-019-0158-7
https://doi.org/10.1016/j.jbiotec.2016.09.011
https://doi.org/10.1186/s40035-020-00221-2
https://doi.org/10.1186/s40035-020-00221-2
https://doi.org/10.1371/journal.pone.0209829
https://doi.org/10.1016/j.molcel.2017.02.017
https://doi.org/10.1016/j.biocel.2020.105747
https://doi.org/10.1016/j.biocel.2020.105747
https://doi.org/10.1186/s12943-021-01444-1
https://doi.org/10.1186/s10020-021-00305-3
https://doi.org/10.1038/nsmb.2959
https://doi.org/10.1159/000487161
https://doi.org/10.1007/s11011-019-00497-y
https://doi.org/10.1007/s11011-019-00497-y
https://doi.org/10.1159/000526359
https://doi.org/10.1007/s11011-022-01051-z
https://doi.org/10.1007/s11011-022-01051-z
https://doi.org/10.1016/j.neuroscience.2020.02.044
https://doi.org/10.1016/j.neuroscience.2020.02.044
https://doi.org/10.1038/nature05292
https://doi.org/10.1007/s10571-020-00817-2
https://doi.org/10.1007/s10571-020-00817-2
https://doi.org/10.1016/j.bbrc.2016.01.183
https://doi.org/10.3389/fnagi.2020.601965
https://doi.org/10.1038/s41419-022-04934-2
https://doi.org/10.18632/oncotarget.21238
https://doi.org/10.3233/JAD-2012-121141
https://doi.org/10.1007/s12264-019-00361-0
https://doi.org/10.1016/j.omtn.2019.10.030
https://doi.org/10.1007/s00415-017-8394-2
https://doi.org/10.1016/j.omtn.2021.01.003
https://doi.org/10.1016/j.pneurobio.2020.101746
https://doi.org/10.1016/j.pneurobio.2020.101746
https://doi.org/10.1038/s41418-022-00948-7
https://doi.org/10.1186/1741-7007-10-78
https://doi.org/10.1261/rna.034769.112
https://doi.org/10.3390/ijms22126352
https://doi.org/10.3390/ijms22126352
https://doi.org/10.1002/jcb.28411
https://doi.org/10.1002/jcb.28411
https://doi.org/10.1093/nar/gkw1201
https://doi.org/10.1093/nar/gkw1201
https://doi.org/10.2174/1567205016666190321163438
https://doi.org/10.2174/1567205016666190321163438
https://doi.org/10.1126/science.aam8526
https://doi.org/10.1126/science.276.5321.2045
https://doi.org/10.1016/j.canlet.2015.06.003
https://doi.org/10.1002/mds.28467
https://doi.org/10.18632/oncotarget.19154
https://doi.org/10.1016/j.molcel.2015.03.027
https://doi.org/10.18632/aging.101466
https://doi.org/10.18632/aging.101466
https://doi.org/10.1073/pnas.73.11.3852
https://doi.org/10.1073/pnas.73.11.3852
https://doi.org/10.1097/RMR.0000000000000271
https://doi.org/10.1097/RMR.0000000000000271
https://doi.org/10.1016/j.redox.2020.101459
https://doi.org/10.1016/j.redox.2020.101459
https://doi.org/10.3389/fnmol.2016.00025
https://doi.org/10.3389/fnmol.2017.00249
https://doi.org/10.1136/svn-2018-000206
https://doi.org/10.1136/svn-2018-000206
https://doi.org/10.1111/febs.14045
https://doi.org/10.1016/j.conb.2019.11.019

Lietal.

Singh, A., Kukreti, R., Saso, L., and Kukreti, S. (2019). Oxidative stress: a key
modulator in neurodegenerative diseases. Molecules 24:1583. doi: 10.3390/
molecules24081583

Sun, J., Wang, L., Bao, H., Premi, S., Das, U,, Chapman, E. R, et al. (2019). Functional
cooperation of a-synuclein and VAMP2 in synaptic vesicle recycling. Proc. Natl. Acad.
Sci. U. S. A. 116, 11113-11115. doi: 10.1073/pnas.1903049116

Sun, Y. M., Wang, W. T., Zeng, Z. C., Chen, T. Q, Han, C,, Pan, Q,, et al. (2019).
circMYBL2, a circRNA from MYBL2, regulates FLT3 translation by recruiting PTBP1
to promote FLT3-ITD AML progression. Blood 134, 1533-1546. doi: 10.1182/
blood.2019000802

Thijs, R. D., Surges, R., O'Brien, T. J., and Sander, J. W. (2019). Epilepsy in adults.
Lancet 393, 689-701. doi: 10.1016/S0140-6736(18)32596-0

Titze-de-Almeida, S. S., and Titze-de-Almeida, R. (2023). Progress in circRNA-
targeted therapy in experimental Parkinson's disease. Pharmaceutics 15:2035. doi:
10.3390/pharmaceutics15082035

Tolosa, E., Garrido, A., Scholz, S. W, and Poewe, W. (2021). Challenges in the diagnosis of
Parkinson's disease. Lancet Neurol. 20, 385-397. doi: 10.1016/S1474-4422(21)00030-2

Verduci, L., Tarcitano, E., Strano, S., Yarden, Y., and Blandino, G. (2021). CircRNAs:
role in human diseases and potential use as biomarkers. Cell Death Dis. 12:468. doi:
10.1038/s41419-021-03743-3

Wang, M., Chen, B., Ru, Z., and Cong, L. (2018). CircRNA circ-ITCH suppresses
papillary thyroid cancer progression through miR-22-3p/CBL/p-catenin pathway.
Biochem. Biophys. Res. Commun. 504, 283-288. doi: 10.1016/j.bbrc.2018.08.175

Wang, S., Latallo, M. J., Zhang, Z., Huang, B., Bobrovnikov, D. G., Dong, D., et al.
(2021). Nuclear export and translation of circular repeat-containing intronic RNA
in C9ORF72-ALS/FTD. Nat. Commun. 12:4908. doi: 10.1038/s41467-
021-25082-9

Wang, Y, Liu, J., Ma, ., Sun, T., Zhou, Q., Wang, W,, et al. (2019). Exosomal circRNAs:
biogenesis, effect and application in human diseases. Mol. Cancer 18:116. doi: 10.1186/
512943-019-1041-z

Wang, L., Luo, T, Bao, Z., Li, Y., and Bu, W. (2018). Intrathecal circHIPK3 shRNA
alleviates neuropathic pain in diabetic rats. Biochem. Biophys. Res. Commun. 505,
644-650. doi: 10.1016/j.bbrc.2018.09.158

Wang, W, Lv, R, Zhang, J., and Liu, Y. (2021). circSSAMDA4A participates in the
apoptosis and autophagy of dopaminergic neurons via the miR-29¢-3p-mediated
AMPK/mTOR pathway in Parkinson's disease. Mol. Med. Rep. 24:540. doi: 10.3892/
mmr.2021.12179

Wang, Y., and Wang, Z. (2015). Efficient backsplicing produces translatable circular
mRNAs. RNA 21, 172-179. doi: 10.1261/rna.048272.114

Wang, Z., Xu, P, Chen, B, Zhang, Z., Zhang, C., Zhan, Q, et al. (2018). Identifying
circRNA-associated-ceRNA networks in the hippocampus of AB1-42-induced Alzheimer's
disease-like rats using microarray analysis. Aging 10, 775-788. doi: 10.18632/aging.101427

Wei, H., Pan, L., Tao, D., and Li, R. (2018). Circular RNA circZFR contributes to
papillary thyroid cancer cell proliferation and invasion by sponging miR-1261 and
facilitating C8orf4 expression. Biochem. Biophys. Res. Commun. 503, 56-61. doi:
10.1016/j.bbrc.2018.05.174

Westholm, J. O., Miura, P, Olson, S., Shenker, S., Joseph, B., Sanfilippo, P, et al. (2014).
Genome-wide analysis of drosophila circular RNAs reveals their structural and sequence
properties and age-dependent neural accumulation. Cell Rep. 9, 1966-1980. doi:
10.1016/j.celrep.2014.10.062

Wilson, D. M., Cookson, M. R., Van Den Bosch, L., Zetterberg, H., Holtzman, D. M.,
and Dewachter, I. (2023). Hallmarks of neurodegenerative diseases. Cell 186, 693-714.
doi: 10.1016/j.cell.2022.12.032

Wu, E, Han, B., Wu, S, Yang, L., Leng, S., Li, M., et al. (2019). Circular RNA TLK1
aggravates neuronal injury and neurological deficits after ischemic stroke via
miR-335-3p/TIPARP. . Neurosci. 39, 7369-7393. doi: 10.1523/J]NEUROSCI.0299-19.2019

Wu, N, Xu, J., Du, W. W, Li, X., Awan, E M,, Li, E, et al. (2021). YAP circular RNA,
circYap, attenuates cardiac fibrosis via binding with Tropomyosin-4 and gamma-actin
decreasing actin polymerization. Mol. Ther. 29, 1138-1150. doi: 10.1016/j.ymthe.2020.12.004

Wu, N, Yuan, Z,, Du, K. Y, Fang, L., Lyu, J., Zhang, C,, et al. (2019). Translation of
yes-associated protein (YAP) was antagonized by its circular RNA via suppressing the
assembly of the translation initiation machinery. Cell Death Differ. 26, 2758-2773. doi:
10.1038/s41418-019-0337-2

Xie, B. S., Wang, Y. Q, Lin, Y., Zhao, C. C., Mao, Q,, Feng, J. E, et al. (2018). Circular
RNA expression profiles Alter significantly after traumatic brain injury in rats. J.
Neurotrauma 35, 1659-1666. doi: 10.1089/neu.2017.5468

Frontiers in Cellular Neuroscience

16

10.3389/fncel.2024.1470641

Xu, J., Du, W, Zhao, Y., Lim, K, Lu, L., Zhang, C,, et al. (2022). Mitochondria targeting
drugs for neurodegenerative diseases-design, mechanism and application. Acta Pharm.
Sin. B 12, 2778-2789. doi: 10.1016/j.apsb.2022.03.001

Yang, J., Chen, M., Cao, R. Y, Li, Q, and Zhu, F. (2018). The role of circular RNAs in
cerebral ischemic diseases: ischemic stroke and cerebral ischemia/reperfusion injury.
Adv. Exp. Med. Biol. 1087, 309-325. doi: 10.1007/978-981-13-1426-1_25

Yang, J., Dong, J., Li, H., Gong, Z., Wang, B., Du, K., et al. (2024). Circular RNA HIPK2
promotes Al astrocyte activation after spinal cord injury through autophagy and
endoplasmic reticulum stress by modulating miR-124-3p-mediated Smad2 repression.
ACS Omega 9, 781-797. doi: 10.1021/acsomega.3c06679

Yang, Y., Gao, X., Zhang, M., Yan, S., Sun, C,, Xiao, E, et al. (2018). Novel role of
FBXW?7 circular RNA in repressing glioma tumorigenesis. J. Natl. Cancer Inst. 110,
304-315. doi: 10.1093/jnci/djx166

Yang, H., Wang, H., Shang, H., Chen, X, Yang, S., Qu, Y,, et al. (2019). Circular RNA
circ_0000950 promotes neuron apoptosis, suppresses neurite outgrowth and elevates
inflammatory cytokines levels via directly sponging miR-103 in Alzheimer's disease. Cell
Cycle 18, 2197-2214. doi: 10.1080/15384101.2019.1629773

Yin, X., Zheng, W., He, L., Mu, S., Shen, Y., and Wang, J. (2022). CircHIPK3
alleviates inflammatory response and neuronal apoptosis via regulating
miR-382-5p/DUSPI axis in spinal cord injury. Transpl. Immunol. 73:101612. doi:
10.1016/j.trim.2022.101612

You, X., Vlatkovic, I, Babic, A., Will, T., Epstein, L, Tushev, G., et al. (2015). Neural
circular RNAs are derived from synaptic genes and regulated by development and
plasticity. Nat. Neurosci. 18, 603-610. doi: 10.1038/nn.3975

Zhang, N., Gao, Y., Yu, S., Sun, X., and Shen, K. (2020). Berberine attenuates AB42-
induced neuronal damage through regulating circHDAC9/miR-142-5p axis in human
neuronal cells. Life Sci. 252:117637. doi: 10.1016/j.1fs.2020.117637

Zhang, X., Wang, L., Li, B., Shi, J., Xu, ., and Yuan, M. (2023). Targeting mitochondrial
dysfunction in neurodegenerative diseases: expanding the therapeutic approaches by
plant-derived natural products. Pharmaceuticals (Basel) 16:277. doi: 10.3390/
ph16020277

Zhang, F. E, Zhang, L., Zhao, L., Lu, Y., Dong, X,, Liu, Y. Q,, et al. (2023). The circular
RNA Raplb promotes Hoxa5 transcription by recruiting Kat7 and leading to increased
Fam3a expression, which inhibits neuronal apoptosis in acute ischemic stroke. Neural
Regen. Res. 18, 2237-2245. doi: 10.4103/1673-5374.369115

Zhao, Y., Alexandrov, P. N,, Jaber, V., and Lukiw, W. J. (2016). Deficiency in the
ubiquitin conjugating enzyme UBE2A in Alzheimer's disease (AD) is linked to deficits
in a natural circular miRNA-7 sponge (circRNA; ciRS-7). Genes (Basel) 7:116. doi:
10.3390/genes7120116

Zhao, J., Qi, X, Bai, J., Gao, X., and Cheng, L. (2020). A circRNA derived from
linear HIPKS3 relieves the neuronal cell apoptosis in spinal cord injury via ceRNA
pattern. Biochem. Biophys. Res. Commun. 528, 359-367. doi: 10.1016/j.
bbrc.2020.02.108

Zheng, D., Li, M,, Li, G., Hu, J,, Jiang, X., Wang, Y,, et al. (2021). Circular RNA circ_
DROSHA alleviates the neural damage in a cell model of temporal lobe epilepsy through
regulating miR-106b-5p/MEF2C axis. Cell. Signal. 80:109901. doi: 10.1016/j.
cellsig.2020.109901

Zhong, S., Ouyang, Q., Zhu, D., Huang, Q., Zhao, J., Fan, M., et al. (2020). Hsa_
circ_0088036 promotes the proliferation and migration of fibroblast-like synoviocytes
by sponging miR-140-3p and upregulating SIRT 1 expression in rheumatoid arthritis.
Mol. Immunol. 125, 131-139. doi: 10.1016/j.molimm.2020.07.004

Zhou, Y., Liu, Y., Kang, Z., Yao, H., Song, N., Wang, M., et al. (2023). CircEPS15, as a
sponge of MIR24-3p ameliorates neuronal damage in Parkinson disease through
boosting  PINKI-PRKN-mediated mitophagy. Autophagy 19, 2520-2537. doi:
10.1080/15548627.2023.2196889

Zhou, Z. B,, Niu, Y. L., Huang, G. X,, Lu, J. J., Chen, A., and Zhuy, L. (2018). Silencing
of circRNA.2837 plays a protective role in sciatic nerve injury by sponging the miR-34
family via regulating neuronal autophagy. Mol. Ther. Nucleic Acids 12, 718-729. doi:
10.1016/j.omtn.2018.07.011

Zhou, J., Xiong, Q., Chen, H., Yang, C., and Fan, Y. (2017). Identification of the spinal
expression profile of non-coding RNAs involved in neuropathic pain following spared
nerve injury by sequence analysis. Front. Mol. Neurosci. 10:91. doi: 10.3389/
fnmol.2017.00091

Zhu, Z., Wang, S., Cao, Q., and Li, G. (2021). CircUBQLN1 promotes proliferation but
inhibits apoptosis and oxidative stress of hippocampal neurons in epilepsy via the
miR-155-mediated SOX7 upregulation. J. Mol. Neurosci. 71, 1933-1943. doi: 10.1007/
s12031-021-01838-2

frontiersin.org


https://doi.org/10.3389/fncel.2024.1470641
https://www.frontiersin.org/journals/cellular-neuroscience
https://www.frontiersin.org
https://doi.org/10.3390/molecules24081583
https://doi.org/10.3390/molecules24081583
https://doi.org/10.1073/pnas.1903049116
https://doi.org/10.1182/blood.2019000802
https://doi.org/10.1182/blood.2019000802
https://doi.org/10.1016/S0140-6736(18)32596-0
https://doi.org/10.3390/pharmaceutics15082035
https://doi.org/10.1016/S1474-4422(21)00030-2
https://doi.org/10.1038/s41419-021-03743-3
https://doi.org/10.1016/j.bbrc.2018.08.175
https://doi.org/10.1038/s41467-021-25082-9
https://doi.org/10.1038/s41467-021-25082-9
https://doi.org/10.1186/s12943-019-1041-z
https://doi.org/10.1186/s12943-019-1041-z
https://doi.org/10.1016/j.bbrc.2018.09.158
https://doi.org/10.3892/mmr.2021.12179
https://doi.org/10.3892/mmr.2021.12179
https://doi.org/10.1261/rna.048272.114
https://doi.org/10.18632/aging.101427
https://doi.org/10.1016/j.bbrc.2018.05.174
https://doi.org/10.1016/j.celrep.2014.10.062
https://doi.org/10.1016/j.cell.2022.12.032
https://doi.org/10.1523/JNEUROSCI.0299-19.2019
https://doi.org/10.1016/j.ymthe.2020.12.004
https://doi.org/10.1038/s41418-019-0337-2
https://doi.org/10.1089/neu.2017.5468
https://doi.org/10.1016/j.apsb.2022.03.001
https://doi.org/10.1007/978-981-13-1426-1_25
https://doi.org/10.1021/acsomega.3c06679
https://doi.org/10.1093/jnci/djx166
https://doi.org/10.1080/15384101.2019.1629773
https://doi.org/10.1016/j.trim.2022.101612
https://doi.org/10.1038/nn.3975
https://doi.org/10.1016/j.lfs.2020.117637
https://doi.org/10.3390/ph16020277
https://doi.org/10.3390/ph16020277
https://doi.org/10.4103/1673-5374.369115
https://doi.org/10.3390/genes7120116
https://doi.org/10.1016/j.bbrc.2020.02.108
https://doi.org/10.1016/j.bbrc.2020.02.108
https://doi.org/10.1016/j.cellsig.2020.109901
https://doi.org/10.1016/j.cellsig.2020.109901
https://doi.org/10.1016/j.molimm.2020.07.004
https://doi.org/10.1080/15548627.2023.2196889
https://doi.org/10.1016/j.omtn.2018.07.011
https://doi.org/10.3389/fnmol.2017.00091
https://doi.org/10.3389/fnmol.2017.00091
https://doi.org/10.1007/s12031-021-01838-2
https://doi.org/10.1007/s12031-021-01838-2

	The clinical perspective of circular RNAs in neurodegenerative diseases: potential diagnostic tools and therapeutic targets
	1 Introduction
	2 Functional mechanism of circRNAs
	2.1 Acting as miRNA sponges
	2.2 Interaction with RNA-binding proteins
	2.3 Encoded proteins
	2.4 Regulation of transcription processes

	3 Functions of circRNAs in neurodegenerative diseases
	3.1 Inhibition of oxidative stress
	3.2 Inhibit neuronal apoptosis
	3.3 Regulation of neuronal autophagy
	3.4 Regulation of mitochondrial function
	3.5 Regulation of abnormal neurotoxin protein deposition

	4 CircRNA and chronic neurodegenerative diseases
	4.1 CircRNA and AD
	4.2 CircRNA and Parkinson’s disease
	4.3 CircRNA and amyotrophic lateral sclerosis

	5 CircRNA and acute neurodegenerative diseases
	5.1 CircRNA and cerebral ischemic diseases
	5.2 CircRNA and traumatic brain injury
	5.3 CircRNA and epilepsy

	6 Potential applications of CircRNAs in NDDs
	6.1 Limitations and future outlook


	References

