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Oxidative stress (OxS) is a wildly described cause of damage to macromolecules, resulting in abnormal physiological conditions. In
recent years, a few studies have shown that oxidation/antioxidation imbalance plays a significant role in developing diseases
involving different systems and organs. However, the research on the circular RNA (circRNA) roles in OxS is still in its very
infancy. Therefore, we hope to provide a comprehensive overview of the recent research that explored the function of circRNAs
associated with OxS and its role in the pathogenesis of different diseases that affect different body systems like the nervous
system, cardiovascular system, kidneys, and lungs. It provides the possibilities of using these circRNAs as superior diagnostic
and therapeutic options for OxS associated with these disease conditions.

1. Introduction

Circular RNA (circRNA) is a category of noncoding RNAs
(ncRNAs) involved in many physiological functions and
pathological processes [1]. They are ubiquitous in mamma-
lian tissues, including humans [2–4]. They are composed of
exons (ecircRNA) [5], introns (ciRNAs) [6], or a mixture of
both (EIciRNAs) [7] through a process of back splicing [8].
They can be used as biomarkers to diagnose or predict some
diseases [9]. In addition to their intracellular roles, circRNAs
are also present in the body fluids and extracellular spaces.
For example, researchers detected more than 100 circRNAs
of various functional associations in human saliva [10] and
thousands of different circRNA in serum and plasma [11],
some of which were differentially expressed in certain dis-
eases, including cancer, neurological diseases, and immuno-
logical disorders [12]. Those circRNAs could be either free

or enclosed within exosomes [13]. Exosomes are a type of
extracellular vesicles that could transfer various intracellular
molecules including RNAs among cells [14]. So, circRNAs
can be used as an information carrier to transmit information
between and within cells, and we can use them as biomarkers
for various diseases [9, 15].

Like most ncRNAs, circRNAs mostly exert their func-
tions through the regulation of gene expression utilizing dif-
ferent mechanisms. The most commonly studied mechanism
is the sponging of the miRNAs, hindering their functions.
Thus, they represent an extra layer of gene expression regula-
tion as they block the miRNA’s inhibitory effect on protein
expression. This function occurs through complementary
sequences that sequester the miRNAs and prevent them from
binding to the corresponding mRNAs, a process termed
“sponging.” In this case, the circRNA/miRNA/mRNA axis
is called the competing endogenous RNA (ceRNA). The final
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decision in this axis regarding the protein expression level
depends on which component will have the upper hand. Rec-
ognizing these ceRNA networks and their functional roles or
disease association requires a combination of computational
and laboratory tools. This function is performed by
ecircRNA, which resides primarily in the cytoplasm [16]. In
contrast, EIcircRNA and ciRNAs are abundant in the
nucleus. They enhance the expression of their parental genes
of origin through the regulation of polymerase II function.
They could influence either initiation or elongation of their
host gene transcription [6, 17].

In addition, circRNAs could regulate gene expression by
behaving like an alternative splice form of the parental gene,
competing for its translatable mRNA formation. Some
authors called this process an “mRNA trap” as the RNA of
the gene is trapped in a circular nontranslatable form [18–
20]. Alternative circularization would complement alterna-
tive splicing to form additional layer of regulation of expres-
sion of the parental genes [21]. Ma et al. showed a correlation
between circRNA expression level and the expression level of
their parental genes, which could be either a positive or neg-
ative correlation. This could be due to either direct regulation
of parental gene expression by circRNA or due to alternative
splice effect. Further investigations are mandatory to reveal
the actual mechanisms [22].

Besides regulating gene expression, some circRNAs carry
translatable sequences. Ribosomes could directly translate
proteins from these circRNAs through internal ribosomal
entry sites (IRES) or IRES-like elements [23]. Moreover, some
circRNAs also directly bind the protein itself, regulating either
the distribution of the protein or its activities [24, 25].

Oxidative stress (OxS) refers to the state of excess oxida-
tive agents that exceeds the body’s scavenging capacity,
resulting in oxidation/antioxidation imbalance [26]. Physio-
logically, reactive oxygen species (ROS) regulates several vital
processes like apoptosis through signal transduction and
gene expression regulation. They are indispensable for some
physiological functions of the body, like the destruction of
invading organisms by macrophages. Under normal physio-
logical conditions, the body’s powerful antioxidant system
can quickly remove excess ROS and reactive nitrogen free
radicals (RNS) to maintain the dynamic balance of oxidation
and antioxidation. During the normal aging process or under
pathological conditions, such as hyperglycemia and stress,
the antioxidant system function is disturbed, resulting in
ROS or RNS accumulation, leading to oxidant-antioxidant
imbalance. Alternatively, this imbalance could occur due to
excessive production of these free radicals on exposure to
environmental factors like smoking, pollutants, radiation,
or drugs [27].

This excess of oxidants causes damage to different types
of molecules, leading to gene mutation, protein denaturation,
and lipid peroxidation resulting in cell senescence, apoptosis,
or necrosis. Based on the affected organ, several diseases
could occur. Because of the high-fat content of the nervous
system, it is the most commonly affected. Neurodegenerative
disorders (NDDs) like Parkinson’s disease (PD) and Alzhei-
mer’s disease (AD) are examples of CNS diseases induced
by OxS [28]. In the cardiovascular system (CVS), atheroscle-

rosis and coronary artery disease are other examples [29].
OxS generates diseases of the kidney like diabetic nephropa-
thy and acute kidney injury (AKI). OxS mediates acute lung
injury of several etiologies, as well [30].

OxS is a complex process that depends on several factors
and includes a wide range of metabolic pathways. So, despite
the large number of available markers for the diagnosis of
OxS, none of these markers is absolutely reliable by itself,
which indicates the need for more accurate and definitive bio-
markers for identifying the condition of OxS [26]. From a
therapeutic point of view, most of the available antioxidants
are nonspecific, and their effectiveness in the prevention and
control of OxS associated diseases is controversial. This fact
indicates the need for a more specific therapy that targets
one of the pathways responsible for the regulation of OxS [27].

Like most of the vital processes, the regulation of OxS
occurs on at least three levels. First, the transcriptional level
in which transcription factors directly regulate the expression
of the mRNA. The second level is the level of the miRNAs
that inhibit the translation of the transcribed mRNAs. The
circRNAs with their miRNA sponging action confer a third
level of gene expression regulation. Currently, the available
information about the contributions of the first and second
levels in regulating or mediating the OxS ways exceeds what
we know about the role of circRNA [31].

Considering the transcription factors in OxS, nuclear
factor-erythroid 2-related factor 2 (Nrf2) and nuclear fac-
tor-κB (NF-κB) are the most important. Nrf2 is the chief
transcriptional regulator of the protective action against
OxS. Upon moderate stimulation, a defensive mechanism is
initiated under the control of the Nrf2. Under basal condi-
tions, Nrf2 is sequestered in the cytoplasm by the protein
Keap1. Oxygen free radicals cause a conformational change
of the Keap1 protein releasing Nrf2, which translocates to
the nucleus. Nrf2 binds to the antioxidant response elements
(ARE), inducing the expression of proteins that oppose the
ROS’s actions [32]. Extensive stimulation with the produc-
tion of a high level of ROS switches on NF-κB leading to
the activation of several proteins, which could have either
prooxidant or antioxidant activities in a context-dependent
manner [33]. OxS also induces the forkhead box O (FoxO)
protein family, which, like NF-κB, could act as either a path-
ogenic mediator of the effect of or a protector against OxS.
The mechanism responsible for directing the FoxO proteins’
action in response to OxS is yet to be elucidated [34]. Other
transcription factors involved in mediating the antioxidant
mechanisms include activating protein-1 (AP-1) and P53.
The second level of regulation is the miRNA level. Recent
research discovered a long list of miRNAs that regulate the
occurrence and the effects of OxS or confer antioxidant activ-
ity. They provided novel markers for diagnosis and targets
for therapy. However, more effort is required to explore these
miRNAs’ functional roles in OxS [31]. circRNAs represent
the third level of regulation. They regulate miRNA and, sub-
sequently, mRNAs and gene expression. One advantage of
circRNAs over the miRNAs is their stability, giving them bet-
ter reliability as biomarkers and therapeutic agents. This sta-
bility is because the circular structure protects the circRNAs
from degradation by the extracellular exonucleases [35].
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The research on the circRNA roles in OxS is in its very
infancy. A few recent reports have shown their actions at dif-
ferent levels of either protection against or mediation of the
effect of OxS and involved several diseases in a few systems
and organs, including the nervous system, cardiovascular sys-
tem, kidney, and lung. So, this work represents a comprehen-
sive review of all the recent research that explored the function
of circRNAs associated with OxS and its role in the pathogen-
esis of different nonmalignant diseases that affect different
body systems like the nervous system, cardiovascular system,
kidneys, and lungs. It addresses the possibilities of using these
circRNAs as superior diagnostic and therapeutic options for
OxS associated with these disease conditions.

2. circRNA and OxS in the Nervous System

Both OxS and circRNAs are of particular importance in the
nervous system. Brain tissue is particularly sensitive to the
effect of free radicals because of the high lipid content. OxS is
one of the mechanisms involved in the pathogenesis of several
neurological disorders, including NDDs like glaucoma, AD,
and PD [36] and intracranial infections. Despite this particular
importance, previous studies failed to detect definite biological
markers that would be clinically useful in diagnosing and treat-
ing these diseases and the causative OxS. The discovery of the
circRNAs and their role in regulating OxS opens a new horizon
in this context. circRNAs are most abundant in the CNS com-
pared to other body systems [37], and their expression
increases with the increase of age, some NDDs [38], and infec-
tions. This pattern suggests an essential role of circRNA inOxS,
as it is a common factor among these conditions.

Few recent studies showed that a group of circRNAs is
involved in OxS-mediated NDDs at different levels and roles
of the regulation (Figure 1). circRNAs could be protective
against, inducers of, or mediators of the effect of the OxS.
From the protective side, a recent microarray examination
of the circRNA differential expression in the substantia nigra
and corpus striatum of Nrf2 knockout mice recognized sev-
eral circRNAs that mediate the protective effect of the
Nrf2/ARE pathway. Computational analysis suggested this
effect to occur by regulating several ceRNA networks impli-
cated in regulating OxS-mediated NDDs [39]. The same
group did the same investigation on the hippocampus and
identified several other circRNAs that could be involved.
They constructed a differentially expressed ceRNA network
related to the PD and studied their functional and pathway
relations [40]. Another work discovered that circRNAs also
play a protective role employing different pathways. One of
them is circDLGAP4 which sponges and inhibits the action
of miR-134-5p that typically induces oxidative stress,
enhancing the progression of PD [41]. One more research
on a C. elegans PD model found circzip-2 to protect against
OxS through sponging another OxS enhancing miRNA,
namely, miR-60-3p. The authors proposed another mecha-
nism that still needs further verification through the compe-
tition for the expression of the zip-2 mRNA. Zip-2 protein
typically enhances OxS through induction of the α-synuclein
protein and ROS [42].

On the other side, several circRNAs contribute to the path-
ogenesis of NDDs through enhancing OxS or mediating its
effects. This contribution again occurs through different mech-
anisms. For example, circFoxO3 mediates the glutamate-
induced OxS and apoptosis in HT22 neuronal cells through
enhancing FoxO3 protein. Silencing circFoxO3 abolished
glutamate-induced ROS production and decreased FoxO3 pro-
tein expression and intranuclear translocation. Inside the
nucleus, FoxO3 acts as a transcription factor that enhances
the expression of the proapoptotic factor “BCL2-interacting
mediator of cell death–extra long” BimEL [43]. Similarly, the
expression of circRNA KIAA1586 increases in AD. circRNA
KIAA1586 sponges hsa-miR-29b, inducing the accumulation
of amylase-β [44], which, through OxS, initiates the pathogen-
esis of AD [45]. The circRNA KIAA1586-related ceRNA net-
work analysis showed that it is enriched with miRNAs related
to several cellular processes associated with AD. One of these
processes is the perineuronal ensheathment [44], which natu-
rally protects the neurons from the destructive effect of OxS
[46]. Another circRNA of a potential role in neurodegenerative
and other neurological disorders is cerebellar degeneration-
related protein-1 antisense (CDR1as), which is transcribed
from the CDR1 gene. It is remarkably characterized by the high
number of sponge sites for the miRNA-7 [47]. miR-7 regulates
several brain processes related to OxS and its associated NDDs
[48]. As an example in PD, miR-7 inhibits the expression of
synuclein protein posttranscriptionally [49]. As CDR1as
inhibits the action of miR-7, it is expected to increase the
expression of synuclein which induces OxS as part of the path-
ogenesis of PD [50]. Further research is required to decipher
the direct role of CDR1in the regulation of OxS.

Glaucoma is another NDD that showed evidence of the
role of circRNA. OxS is a causative factor of glaucoma [51].
A recent study showed that circRNA ZNF609 (cZNF609)
mediates OxS-induced glaucoma-associated retinal neurode-
generation. Glaucoma rat model showed upregulation of
cZNF609. The knockdown of this circRNA alleviated the
pathological effects of glaucoma in vivo and reduced OxS-
induced apoptosis of endothelial cells, retinal glial cells, and
Müller cell in vitro and in vivo. On the other hand, its overex-
pression produced an opposite effect. These effects occur
through sponging the miRNA-615-5p, releasing its inhibi-
tory effect on the neurogenic, gliogenic, and angiogenic fac-
tor Meteorin [52].

circRNAs were also suggested to play a role in intracra-
nial infection-mediated OxS. One example is circRNA_
008636, which increased in patients with postoperative intra-
cranial infection. Functional analysis linked circRNA_
008636 to FoxO3 and AMPK pathways, which mediate
OxS. So, circRNA_008636 was suggested to be a mediator
of infection-induced OxS and could be used among other cir-
cRNAs as a biomarker for early diagnosis of intracranial
infection [53].

3. circRNA and OxS in the
Cardiovascular System

OxS is one of the factors that are elemental to the pathogen-
esis of several cardiovascular diseases, like coronary heart
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disease (CAD), cardiomyopathy, and atherosclerosis (AS)
(Table 1 and Figure 2). Finding novel markers of OxS associ-
ated with these conditions would be advantageous for early
diagnosis and better intervention [54]. circRNA is a potential
source for these markers and novel targets for treatment as
they are associated with several cardiovascular disorders,
including those mediated or induced by OxS [55].

Regarding coronary heart diseases, ischemia and reperfu-
sion (I/R) induce ROS production, which consecutively
induces apoptosis of cardiac muscles, followed by fibrosis
[56]. Li et al. showed that H2O2 induced several members
of the circRNAs in primary neonatal cardiomyocytes
in vitro. The most abundant were circNCX1, circTLK1, and
circCDYL. Among them, circNCX1 is the highest expressed,
and it mediates the H2O2-induced apoptosis. This action is
mediated through sponging miR-133a-3p, which generally
protects the myocytes against ROS-induced apoptosis by
suppressing the expression of the pro-apoptotic factor
Cdinp1.

Furthermore, in the I/R mouse model, the knockdown of
circNCX1 attenuates the resultant myocardial injury and
improves the outcome [57]. The direct roles of circTLK1
and circCDYL are yet to be investigated. Another work by
Zong andWang showed a similar effect of circANXA2 utiliz-
ing different pathways. circANAX2, like circNCX1, showed

increased expression in cardiac myoblasts after stimulation
with H2O2, and it mediated the apoptotic effect. circANAX2
initiates apoptosis by sequestering miRNA-133 leading to the
induction of BCL2, which is a proapoptotic protein. The
miRNA-133 typically suppresses the expression of BCL2. In
this work, the direct role of circANXA2 in mediating oxida-
tive stress was tested by measuring its effect on OxS markers
like superoxide dismutase (SOD) and malondialdehyde
(MDA) [58]. Another circRNA, circHIPK3, regulates the talk
between the different heart components to orchestrate the
response to oxidative stress induced by cardiac I/R. cir-
cHIPK3 is released in exosomes from hypoxia-induced cardi-
omyocytes to generate an antioxidant effect on cardiac
microvessel endothelial cells (CMVECs). This effect is medi-
ated through the sponging of miR-29a, releasing the inhibi-
tory effect on IFG1 expression. IFG1 has an antiapoptotic
role [59].

Oxidative stress also mediates the pathogenesis of cardio-
myopathy of different etiologies. One of the circRNAs
involved in this process is circFoxO3. As occurs in the brain,
circFoxO3 mediates the effect of OxS in the heart, albeit uti-
lizing a different mechanism and a different pathway. First,
circFoxO3 expression increases in the heart with aging, sug-
gesting a possible relation to OxS. Also, in vitro exposure of
the cardiomyocytes to H2O2 showed an increase in
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Figure 1: The role of circRNAs in association with OxS in neurodegenerative disorders. circRNAs play variable roles related to OxS in
neurodegenerative disorders. Some of them are pathogenic (red arrows), while others are protective (green arrows). Whatever their effect
is, they are pursuing different mechanisms and working at various levels to perform their functions. For example, circKIAA1586 and
CDR1as mediate OxS through the sponging of miRNAs that suppress proteins that induce OxS. Others, like circFoxO3, work through
binding FoxO3 protein, enhancing its nuclear entry and transcriptional activity. FoxO3 induces genes that mediate OxS-induced
apoptosis. On the other hand, circDLGAP4 exerts a protective role through sponging miRNA that antagonizes CREB. CREB induces
proteins that suppress the OxS-induced apoptosis. Nrf2 also has a protective effect against OxS that is mediated at least partially through
circRNAs.
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circFoxO3 expression. Cardiac myocyte cells utilize HIF1α
and FAK1 transcription factors to antagonize the oxidative
stress-induced senescence. circFoxO3 antagonizes the pro-
tective action of these transcription factors by decoying and
trapping them in the cytoplasm, hindering their nuclear
translocation. This way, it enhances the effect of oxidative
stress [60]. In the opposite direction, circITCH reduces
doxorubicin-induced cardiomyopathy. Doxorubicin is a che-
motherapeutic drug that is cardiotoxic and causes OxS-
induced cardiomyopathy by enhancing apoptosis. circITCH
alleviates doxorubicin-mediated mitochondrial and cellular
ROS production through sponging of the miR-330-5p. When
circITCH is overexpressed in mice, it alleviated the
doxorubicin-induced cardiomyopathy [61]. Another study
using a mouse model of doxorubicin-induced cardiomyopa-
thy found that circ-Amotl1 has a similar protective action.
circ-Amotl1 acts as a scaffold that brings protein kinase B
(AKT) and 3-phosphoinositide-dependent kinase-1 (PDK1)
together, facilitating AKT phosphorylation by PDK1, leading

to AKT activation and nuclear translocation [62]. AKT was
proved before to attenuate the effect of H2O2 on the cardiac
myocytes [63, 64] and vascular smooth muscle cells [65].
Direct testing of the relation between circ-Amotl1 and oxida-
tive stress is still required. Both circITCH and circ-Amotl1
could be used as antioxidant therapy to avoid the side effect
of such indispensable medicine.

Several predisposing factors of AS exert their effect
through ROS production and, subsequently, OxS, including
smoking, hypertension, hypercholesterolemia, and diabetes
mellitus [66]. Furthermore, different steps of the pathogene-
sis of atherosclerosis are associated with the ROS release,
starting with the LDL’s oxidation and ending with the ROS
produced by the foam cells [67]. Understanding the mecha-
nisms of induction and mediation of the effect of OxS is axial
to finding biomarkers for early diagnosis and targets for the
treatment of the disease. circANARIL participates in mediat-
ing the OxS activity during the pathogenesis of AS. Overex-
pressing circANARIL in endothelial cells derived from the
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Figure 2: Roles of different circRNAs in different cardiovascular pathologies. (a) In myocardial infarction, both circANAX and circNCX1
mediate the effect of OxS resulting from I/R through the expression of proapoptotic proteins. (b) circAmotl1 and circITCH alleviate Dox-
induced cardiomyopathy. circAmotl1 binds AKT1 and PDK1 proteins leading to AKT1 phosphorylation, activation, and nuclear
translocation. Then, AKT activates transcription factors that enhance cell longevity and mitigate senescence. circITCH tethers miRNAs
leading to the release of proteins that suppress the OxS. (c) circFoxO3 is involved in the pathogenesis of cardiomyopathy through
capturing proteins that typically hinder this process. These proteins normally prevent OxS or counteract its effects on cell senescence. (d)
Oxidative stress increases the expression of cZNF609 in vascular endothelial cells. This circRNA tethers miRNA, releasing the MEFA2
protein expression, which is a transcription factor.
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aorta of rat models of AS led to increased OxS markers such
as SOD and MDA [68].

The endothelial cell (EC) dysfunction is central to several
vascular diseases, including atherosclerosis and retinal vascu-
lar diseases. Again, the control of oxidative activity is vital in
healthy ECs, and its imbalance leads to EC dysfunction. A
study by Liu et al. showed that the circRNA ZNF609 is essen-
tial in the pathogenesis of the OxS-induced EC dysfunction.
The knockdown of the cZNF609 in vitro and in vivo pro-
tected ECs against the OxS-induced apoptosis and enhanced
its proliferation, migration, and tube formation. This effect
occurred through sponging miR-615-5P, which naturally
inhibits MEF2A. MEF2A release by the cZNF609 will induce
apoptosis and decrease migration and tube formation by ECs
in vitro. In the same study, overexpression of cZNF609
resulted in an opposite effect confirming its pathogenic role
in OxS [69].

4. circRNA and OxS in the Kidney

Acute kidney injury (AKI) is caused by several factors,
including diabetes, sepsis, drugs [70], and hypertension
[71]. It is characterized by a depressed glomerular filtration
rate and, subsequently, creatinine accumulation in the blood
[70]. OxS is central in AKI pathogenesis regardless of the
cause. Recent studies have addressed the involvement of cir-
cRNA in OxS-induced AKI (Table 2 and Figure 3), and their
effect could be either mediating or protecting [30]. For exam-
ple, in diabetic nephropathy (DN), circLRP6 mediates the
OxS associated with mesangial cell injury due to hyperglyce-
mia. This effect occurs through the sponging of miR-205,
leading to activation of the LTR4/NF-κB [72]. In this
instance, NF-κB acts as a promoter of the action of OxS. Sim-
ilarly, circNr1h4 prompts ROS synthesis that leads to AKI in
the hypertensive mouse model through sponging miR-155-

Table 2: The role of circRNAs in OxS in kidney diseases.

Cause circRNA Mediator Mechanism Role Ref

Diabetes circLRP6
miR-205

LTR4/NF-κB
Mediates the effect of ROS on mesangial cells Pathogenic [72]

Hypertension circNr1h4
miR-155-5P

Far1
Prompts ROS synthesis Pathogenic [73]

Drug-induced circ_0114427
miR-494
ATF3

Mediates the effect of ROS Pathogenic [74]

Sepsis circVMA21
miR-9-3P

SMG1 protein
Alleviates OxS mediated inflammation and apoptosis Protective [75]

ROS OxS
Inflammation/
apoptosis

AKI

ATF3

miR-494

Circ_
0114427

Circ
VMR1

miR-9

SMG1

miR-155

Circ
Nr1h4

miR-205

Circ
LRP6

LTR4
NF-𝜅B

HMGB1

Diabetes Hypertension Sepsis Drugs

Far1

Figure 3: The role of circRNAs in OxS-moderated AKI. Several factors cause AKI, including diabetes, hypertension, sepsis, and drugs like
cisplatin and Losartan. The pathogenesis involves the excessive production of ROS, leading to OxS that triggers inflammation and
apoptosis, which finally produces AKI. circRNAs play different roles in this process with different etiologies. All of them work through
tethering distinct miRNAs that release mRNA to express proteins with various actions.
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5P leading to activation of fatty acid reductase 1 (Far1) with
subsequent increase of the ROS leading to tissue damage
[73].

Another research shows that several circRNAs are differ-
entially expressed in the cisplatin-induced AKI (CI-AKI)
mouse model. Among them, has_circRNA_0114427 was
the most differentially expressed, and H2O2 induced its
expression in cultured human kidney cells. These results sug-
gest that has_circRNA_0114427 mediates the effect of oxida-
tive stress caused by cisplatin. Further investigations showed
that has_circRNA_0114427/miRNA-494-ATF3 axis is the
ceRNA involved in this process [74]. Additional studies are
required to identify the role of other individual circRNAs in
this process, enabling us to find new markers for diagnosis
and targets for CI-AKI therapy.

Contrary to this effect, circVMA21 alleviates the effect of
OxS caused by sepsis. Both in vitro and in vivo experiments
showed that sepsis reduces the expression of circVMA21 in
kidney cells and tissues. Overexpression of circVMA21
reduced sepsis-associated oxidative damage and its subse-
quent apoptosis and inflammation, leading to AKI. cir-
cVMA21 exerts its effect by sponging miR-9-3P, which
generally suppresses the SMG1 protein. The SMG1 protein
has a protective effect through alleviating the OxS-induced
inflammation and apoptosis [75]. An additional study
showed that circRNAs mediated the action of Losartan in
treating I/R-induced AKI. Functional analysis of these cir-
cRNAs showed that the biological process of some of them
involved antioxidant activity. Pathway analysis showed that
other circRNAs were related to FoxO signaling, which is also
associated with OxS [76]. Again, further exploration of the
individual circRNAs recognizes either markers of diagnosis
or treatment of the effect of I/R-induced AKI.

5. circRNA and OxS in the Lung

Once more, OxS is essential in the pathogenesis of several
pathological lung conditions, including fibrosis, chronic
obstructive pulmonary disease (COPD), acute lung injury,
and aging [77]. OxS is of particular importance in the lungs
as they lie in the interface between the body and the environ-
ment, so it is more exposed to external sources of free radicals
[78].

Because the study of circRNAs and their role in human
pathology is a starting new field, very few papers investigated
the direct role of circRNAs in OxS in the lung. Two different
groups found circRNAs involved in the pathogenesis of
COPD induced by cigarette smoking. Both of them found
their circRNA to be differentially expressed between smokers
with COPD and non-COPD individuals and in cells induced
with cigarette smoke extract (CSE) in vitro. As the oxidative
injury is central to the pathogenesis of COPD, which is
mainly induced by cigarette smoking, they studied the role
of these circRNAs in mediating OxS in such a condition.
One group tested the role of circRNA ankyrin repeat domain
(ANKRD) 11 (circANKRD11) in cigarette smoking-induced
apoptosis, inflammation, and oxidative stress. The cir-
cANKRD11 works by regulating the ceRNA axis, including
circRNKRD11, miR-145-5p, and the bromodomain-

containing 4 (BRD4) mRNA that mediates the negative
effects of cigarette smoking. They evaluated the OxS by mea-
suring ROS, MDA, and SOD activity [79]. Similarly, the
other group found circRNA oxysterol binding protein like 2
(circOSBPL2) to induce apoptosis, inflammation, and oxida-
tive stress in response to CSE. This effect was mediated by the
ceRNA axis and circOSBPL2/miR-193a-5p/BRD4 [80]. This
work indicates an important role of circRNAs in OxS-
mediated pathology of the lung, a phenomenon that needs
further investigation to elucidate novel markers for diagnosis
and targets for control of such conditions.

In addition, a few studies are indirectly suggestive of a
role of circRNAs in facilitating the OxS-mediated lung inju-
ries. For example, a research group found several circRNAs
to be differentially expressed in a mouse model of silicosis.
Because HECT domain-containing E3 ubiquitin-protein
ligase 1 (HECTD1) mediates-silicosis associated macrophage
stimulation and fibrosis, they selectively studied the role of
circHECTD1 in silicosis. circHECTD1 was upregulated in
the mouse model of silicosis. Their studies included the direct
role of circHECTD1/HECTD1 axis in fibroblast [81] and its
indirect effect through endothelial cells [82] and macro-
phages [83], leading to induction of lung fibrosis after stimu-
lation with SiO. An additional study by the same group
confirmed the role of circ_012091 in mediating the
silicosis-induced lung fibrosis as it was downregulated in
the mouse model of silicosis and after induction of lung cells
with SiO in vitro [35]. Likewise, radon-induced lung injury
was associated with the increase of several circRNAs. Because
the OxS mediates the lung injury caused by radon, these cir-
cRNAs could be involved in the OxS action [84]. However,
both in silicosis and radon-induced lung injury, the direct
involvement of the circRNAs in OxS was not tested. Investi-
gating this relation is mandatory as these circRNAs would be
vital either as diagnostic tools of the presence of OxS or as
therapeutic targets that would alleviate the effect of these
harmful therapeutic or environmental factors.

6. And What Else?

A few more studies explored the role of circRNAs in OxS in
different tissues, systems, or diseases (Table 3). Most of them
tested the direct effect of OxS through induction with H2O2.
One study used the circRNA-seq and bioinformatics analysis
to detect the circRNAs related to pathways involved in OxS
among those circRNAs that are differentially expressed in
cataract patients. In this work, they recognized circZNF292
as an antioxidative factor that alleviates the effect of OxS in
the eye lens, thus reducing cataract occurrence. They also val-
idated miR-23b-3p as the downstreammiRNA. Direct exper-
iments are required to confirm the role of this network in
alleviating the effect of cataract inducing OxS [85]. Liu et al.
used the same approach and recognized circHIPK3 as an
antioxidative factor that works through sponging miR-193a
leading to activation of CRYAA. CRYAA is typically
expressed in a clear lens and inhibits apoptosis. The
researchers directly confirmed the role of this ceRNA as an
antioxidant by testing the effect of H2O2 on the lens epithelial
cells in vitro [86]. In an in vitro investigation on skin cells,
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cZNF609 mediated the effect of OxS through sponging miR-
145 leading to induction of the JNK/P38 pathway. H2O2
induced ROS、cell damage and apoptosis through this
cZNF609-related ceRNA [87]. This effect is analogous to its
role in vascular endothelial cells but employing a different
pathway as discussed above [69]. In parallel research on
hepatic cell lines in vitro, circRNA4099 performed a compa-
rable action through sponging miR-706. In addition to its
destructive effect, circRNA4099 induces liver fibrosis [88].
Previous work on the same cell line showed that miR-706
mitigates the liver cell fibrosis induced by H2O2 through reg-
ulation of PKCα and TAOK1 signaling pathways [89].|In
another study in H2O2-stimulated human dental pulp stem
cells (DPSCs), sequencing of the differentially expressed cir-
cRNAs showed a long list of circRNAs. Functional and path-
way analysis showed that the most prominent pathways
associated with these circRNAs are P53, cell cycle, and
MAPK pathways [90].

7. Discussion and Conclusion

Understanding the mechanisms of OxS is crucial as it helps
us balance the oxidant-antioxidant status, which could be
harmful if it goes extreme in either direction. Finding novel
markers and therapeutic targets for OxS is mandatory for
preventing and treating several diseases initiated by OxS.
Most of the available antioxidants are nonspecific, and the
results regarding their effectiveness in the prevention of dis-
eases are controversial. The little research performed on the
role of the circRNAs in OxS shows a promising future as they
represent a third level of regulation of the process. These
results show that these circRNAs could have therapeutic or
diagnostic roles (see Tables 1 and 4). As a therapeutic factor,
the circRNA itself could act as an antioxidant like the cir-
cDLGAP4 and circzip-2 in PD, circITCH, and Amotl1 in
doxorubicin-induced cardiomyopathy and circANRIL in
atherosclerosis. Other types could be novel targets for antiox-
idants such as circNCX1 and circANXA2 in ischemic heart
disease. An example of possible diagnostic use is circRNA_
008636 which could be an early diagnostic marker for intra-
cranial infection. However, till now, no circRNA has entered
clinical trials, and much more effort is needed to evaluate the
efficiency of these therapeutic tools or markers in clinical
settings.

As indicated in our review, some circRNAs potentially
play a universal role in OxS in different organs and systems.
An example is the circFoxO3, which was found by two inde-
pendent studies to be associated with OxS both in the ner-
vous system leading to NDD and in the heart protecting
from the drug-induced cardiomyopathy. circFoxO3 here is
an example of factors that could have different effects in dif-
ferent contexts. Likewise, cZNF609 was found by separate
authors to play a protective role against OxS in retinal neuro-
degeneration [52], endothelial cell dysfunction [69], and
pressure ulcer of the skin [87]. Also, circHIPK3 alleviates
the OxS effect both in the heart cells and eye lens cells [59,
86]. These universal pathways would be beneficial in finding
common protective measures or biomarkers for OxS. Further
studies are still needed before deciding about the possibility

of general or tissue-specific nature. However, studies on
miRNA showed a tissue-specific nature of their action. Given
the link in function between circRNA and miRNA, it is
expected to find the exact nature in the former. Understand-
ing this tissue specificity is crucial for tailoring individualized
therapy for each condition.

Additional investigations are mandatory to fully under-
stand the role of the discovered circRNAs and find other
novel ones that would help us understand the networks that
control and mediate the effect of OxS. All of the previous
studies started with finding the circRNA then linking it to
the miRNA or the protein in order to understand its func-
tion. As we already have a list of proteins and miRNA associ-
ated with OxS [31], we would suggest a reverse approach that
starts with the proteins and miRNAs. For protein-related
studies, protein immunoprecipitation assay followed by
circRNA-seq could be pursued [24]. For the miRNA, compu-
tational predictions followed by confirmation with RNA
pull-down assay could be utilized [91]. Previous information
available from miRNA and lncRNA opens the door for get-
ting promising results from the circRNAs. However, cir-
cRNAs would be adventitious as they show more stability
in the extracellular space.
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