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Circular RNA and Alzheimer’s 
Disease

Rumana Akhter

Abstract
Circular RNAs (circRNAs) represent a special 
group of noncoding single-stranded highly 
stable ribonucleic acid entities abundant in the 
eukaryotic transcriptome. These circular 
forms of RNAs are significantly enriched in 
human brain and retinal tissues. However, the 
biological evolution and function of these cir-
cRNAs are poorly understood. Recent reports 
showed circRNA to be an important player in 
the development of neurodegenerative dis-
eases like Alzheimer’s disease. With the pro-
gression of age, circRNA level increases in the 
brain and also in age-associated neurological 
disorder like Alzheimer’s disease (AD), 
Parkinson’s disease, inflammatory neuropa-
thy, nervous system neoplasms, and prion dis-
eases. One highly represented circRNA in the 
human brain and retina is a ciRS-7 (CDR1as) 
which acts as an endogenous, anticomplemen-
tary miRNA inhibitor or “sponge” to quench 
the normal functioning of miRNA-7. Low 
CDR1as level can lead to increase in miR-7 
expression which downregulates the activity 
of ubiquitin protein ligase A (UBE2A), an 
important AD target, functionally involved in 
clearing toxic amyloid peptides from AD 
brain. This chapter focuses on the functional 

relationship of circRNA with AD and inter-
play of miRNA-mRNA-mediated genetic reg-
ulatory networks. Our conceptual 
understanding also suggests that circRNA can 
be considered as a potential biomarker and 
therapeutic target in AD diagnosis and 
treatment.
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1	 �Introduction

Alzheimer’s disease (AD) is a progressive neuro-
degenerative disorder and the most common 
cause of dementia in aging population. AD is 
clinically apparent as the insidious impairment of 
higher intellectual functions that ultimately leads 
to death from complete brain failure. There are 
regions of the brain that are specifically affected 
sites of neuropathology in Alzheimer’s disease, 
and they include the hippocampus, the amygdala, 
the temporal cortex, and the frontal cortex. 
Complex multifactorial interactions among 
genetic, epigenetic, and environmental compo-
nents are responsible for causation of AD. Recent 
research has come up with an interesting entity of 
RNA, an endogenous noncoding circular RNA 
(circRNA) abundantly expressed in eukaryotes, 

R. Akhter (*) 
Cleveland Clinic Lerner Research Institute, 
Cleveland, OH, USA
e-mail: akhterr@ccf.org

19

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-13-1426-1_19&domain=pdf
https://doi.org/10.1007/978-981-13-1426-1_19
mailto:akhterr@ccf.org


240

which has important functions in many disease-
associated gene regulations including AD. These 
structures have the 3′ and 5′ ends joined together 
by covalent bonds giving a circular appearance 
which is unlike linear RNA.  These molecules 
which are evolutionarily conserved had been dis-
missed as a rare, exotic RNA species for decades.

2	 �circRNAs in Neural 
Development

circRNAs are enriched in the brain. These neural 
circRNAs are derived from synaptic genes named 
Dscam and Homer1 or from genes with impor-
tant functions in early neural development, such 
as genes involved in axon guidance, Wnt and 
TGF-β signaling [1, 2]. These are localized 
mostly in neuronal cell bodies and neuropil [2] 
and found to be highly enriched in hippocampal 
synaptosomes. The developmental role of expres-
sion of circRNAs in the brain is determined by 
profiling the circRNA population in the hippo-
campus over several stages: embryonic (E18), 
early postnatal (P1), postnatal at the beginning 
of synapse formation (P10), and late postnatal 
hippocampus following the establishment of 
mature neural circuits (P30) [2]. The existence 
of circRNA in vivo as well as in primary neuron 
cultures and cell lines suggests a diverse distri-
bution of circRNAs within neurons. This also 
cites an important role for circRNAs in neuronal 
development and plasticity [2, 3].

circRNAs are flanked by introns. Neuronal 
genes usually have long (> 10 kb) introns which 
are highly conserved in evolution. So the cir-
cRNAs flanked by long introns are mostly evolu-
tionarily conserved [4]. Alternative explanation 
for conserved circRNA could be that introns in 
these genes are long for other reasons and that 
circRNA is produced due to recursive splicing, 
i.e., circRNAs are produced as by-product of the 
complex splicing [5].

The function of circRNA in mammalian brain 
remains to be defined. Since circRNAs are highly 
stable, they could serve as topologically complex 
platforms for protein or RNA transportation. The 

prominence of stable circRNAs in the synapse 
provides both the stability and flexibility of neu-
ronal networks which are vital to all behavior, 
including learning and memory. Future func-
tional research should be directed in understand-
ing the effect of genetic perturbation of specific 
circRNAs followed by phenotypic examination 
which will address circRNA function in the ner-
vous system in respect to molecular memory.

3	 �Role of circRNA 
in Alzheimer’s Disease

circRNAs tend to accumulate during normal 
process of brain aging and thus make suscepti-
ble to age-related neurodegenerative diseases 
like AD. This disease is the most common cause 
of dementia in elderly population characterized 
by the presence of neurotoxic senile amyloid 
plaques, hyper-phosphorylated tau tangles, mas-
sive neuron death, and neuro-inflammation. 
According to the amyloid hypothesis, accumu-
lation of Aβ in the brain is central to AD patho-
genesis [6]. Amyloid is a general term for 
protein fragments of albuminoid proteinaceous 
material that the body produces normally. 
β-amyloid is a 36–43 amino acid peptide frag-
ment clipped from amyloid precursor protein 
(APP). Most cases of Alzheimer’s belong to the 
late-onset category, which occurs after age 60. 
The reasons of late-onset Alzheimer’s are not 
yet completely elucidated, but they include a 
combination of genetic, environmental, and life-
style factors that have an important influence on 
disease susceptibility of a person. The single-
gene mutations are mostly directly responsible 
for early-onset Alzheimer’s disease but do not 
seem to be involved in late-onset Alzheimer’s, 
and thus a specific gene mutation does not cause 
the late onset of the disease complex multifacto-
rial interactions among genetic, epigenetic, and 
environmental components which is responsible 
for causation of AD. Familial AD is character-
ized by the genetic mutations involved in Aβ 
peptide biogenesis which consists of four well-
studied AD genes, the APP, PS1, PS2, and 
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APOE. These genes exhibit mutations that 
enhance the relative rate of generation of Aβ42, 
the longer form of the peptide that is much more 
prone to oligomerization and fibrillation than 
Aβ40 [7].The spatial and temporal patterns of 
senile plaques consisting of fibrillar Aβ do not 
equate very well with the degree of dementia in 
AD, and thus the traditional amyloid hypothesis 
remains debatable. In contrast, cognitive mal-
functioning displays a profound relationship 
with most common type of sporadic AD which 
remains largely unknown. circRNA expressed 
in the human brain might play a causative role 
in AD and other neurodegenerative conditions. 
Interestingly, circRNA could emerge as a poten-
tial therapeutic target in AD diagnosis and 
treatment.

Although circRNA has been reported in many 
diseases, their role in Alzheimer’s disease 
remains unclear. Interestingly, evolutionarily 
conserved microRNA-7 which is highly abun-
dant in human brain is associated with a circRNA 
for miRNA-7 (ciRS-7, also known as CDR1as). 
ciRS-7 contains multiple, tandem anti-miRNA-7 
sequences that thereby act as an endogenous, 
anticomplementary miRNA “sponge” to adsorb 
and hence quench normal miRNA-7 functions [8, 
9]. In the hippocampal CA1 region of sporadic 
AD patients, miR-7 circRNA system is dysregu-
lated which is confirmed by Northern blot hybrid-
ization techniques and the circularity-sensitive 
circRNA probe RNase R [8]. Downregulation of 
ciRS-7 and ciRS-7 “sponging activities” might 
increase endogenous miRNA-7 levels in AD 
[10]. The elevated miRNA-7, due to inhibition in 
ciRS-7 “sponging” effects, can downregulate 
AD-associated targets like ubiquitin protein 
ligase, UBE2A, and an autophagic, phagocytic 
protein essential in the clearance of amyloid pep-
tides in AD brain [11, 12]. Such miRNA-mRNA 
regulatory systems may represent another crucial 
aspect of epigenetic control over gene expression 
in health and disease. Inhibition of “miRNA 
sponging systems” and increase of specific induc-
ible miRNAs might be a reason for downregula-
tion of important genes related to sporadic AD 
brain [8, 13].

4	 �circRNA in Other 
Neuropathies

circRNA and Parkinson’s disease  Parkinson’s 
disease (PD) is a neurodegenerative disorder that 
affects mainly dopamine-producing neurons in a 
specific area of the brain, substantia nigra pars 
compacta. CDR1as downregulates miR-7 [14]. It 
has already been reported that miR-7 can inhibit 
the expression of α-synuclein, a crucial constitu-
ent of Lewy bodies in the PD brain. α-Synuclein 
protein is expressed highly in the diseased brain 
and considered as hallmark feature in PD patho-
genesis. Moreover, downregulation of α-synuclein 
by miR-7 protects cells against oxidative stress 
[15]. miRNA-7 can provide protection against 
neuron death caused by 1-methyl-4-phenylpyri-
dinium (MPP+) by targeting the nuclear factor 
(NF)-κB signaling pathway [14, 16].

circRNA and Neoplasms  High expression of 
CDR1as is evident in the brain cerebrum. 
CDR1as is highly expressed in neuroblastomas 
and astrocytoma [17]. miR-7 was found to be 
downregulated in astrocytoma and neuroblas-
toma compared to other brain tissue. Another 
study indicated that miR-7 could suppress EGFR 
expression in a glioblastoma cell line and down-
regulate IRS-1 and IRS-2 expression by repress-
ing protein kinase B [18]. CDR1as acts as 
negative regulator of miR-7 [9, 14]. These evi-
dences indicate possible role of circRNAs in the 
pathophysiology of nervous system neoplasms.

circRNA and Neuro-inflammation  Virus-
associated miRNA binding sites are present in 
some circRNA which plays vital role in immuno-
regulation as, for instance, hsa-circRNA 2149 
contains 13 unique, head-to-tail spanning reads. 
Hsa-circRNA 2149 is present in CD19+ leuko-
cytes but not in CD341 leukocytes or neutrophils. 
Another circRNA, circRNA100783, has implica-
tion in chronic CD28-associated CD8(+)T cell 
aging which could be utilized as an important 
biomarker for this disease [14, 19]. circRNA 
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from SRY can repress miR-138 activity. miR-138 
downregulates runt-related transcription factor 3 
(RUNX3) which plays an essential role in the 
regulation of T helper cells [14, 20]. These stud-
ies provide indication of association of circRNA 
with neuro-inflammation.

circRNA and Prion Diseases  Progressive neuro-
degeneration is evident in Prion diseases with 
neuronal loss and a failure to induce inflamma-
tory response. These diseases include 
Creutzfeldt–Jakob disease (CJD), Gerstmann-
Straussler syndrome (GSS), and also fatal famil-
ial insomnia. Prion diseases are mainly caused by 
alteration of a normal cell-surface glycoprotein 
(PrPC) into a modified isoform (PrPSc) that ren-
ders infectious nature to PrP in the absence of 
nucleic acid. Reports show PrPC overexpression 
induces CDR1as expression [21]. Thus, CDR1as 
might have some implication in the etiology of 
prion diseases.

5	 �circRNA Detection 
in the Brain

Numerous strategies are employed to detect 
genome-wide circRNA expression over the past 
few years, but little is known to find out the accu-
racy of these approaches. Experimental and bio-
informatic tools along with accurate statistical 
approaches can help address these objectives of 
circRNA detection. Recently, scientists have 
shown that circular RNA is associated with brain 
functions. When CDR1as, an RNA molecule 
highly expressed in human and mouse brain, was 
deleted from the genome of mice, the animal 
brain failed to retain important information and 
disregard the unnecessary ones like in other men-
tal disorders [22]. Copious circRNAs are highly 
abundant in mammalian brain expression with 
conserved expression. The well-known CDR1as 
is strongly bound by miR-7 and miR-671 in the 
human and mouse brain. Expression of these two 
microRNAs was posttranscriptionally dysregu-
lated in all brain regions. Early genes such as Fos, 
a direct miR-7 target, were enhanced in CDR1as-

deficient brains, indicating a possible molecular 
link to the behavioral phenotype [22].

The most popular technology microarray was 
a preferred way for global RNA expression anal-
ysis before the arrival of next-generation sequenc-
ing (NGS), but it was not convenient to screen 
circRNAs or its expression from linear counter-
parts. The high-throughput NGS technology has 
provided a competent way to detect circRNAs. 
Many software packages came to the rescue to 
decipher circRNAs from RNA-Seq data. 
Common RNA-seq protocols have limitations as 
it may introduce technical artifacts that can result 
in wrong identification of circRNA isoforms as 
exonucleases might act upon some circRNA and 
inhibit their expression [1, 23]. In mouse, deep 
sequencing of multiple organs reveals signifi-
cantly greater fraction of circRNA junctional 
reads. Similar reports were found in human tis-
sues [3, 24]. circRNAs show different patterns of 
expression respective to brain areas which 
include the striatum, prefrontal cortex, olfactory 
cortex, cerebellum, and hippocampus. A gene 
ontology analysis of the transcripts generating 
circRNAs reveals synaptic genes encoding pre- 
and postsynaptic functional groups are fortified 
as circRNA host genes and thus provide an 
important reasoning for the abundance of cir-
cRNA in the brain. Along with that, many cir-
cRNAs are highly distributed in synaptic fractions 
and synaptosomes [24]. Rare circRNA localiza-
tion in cell body and dendrites of cultured hip-
pocampal neurons and hippocampal slices can be 
targeted by high-resolution in situ hybridization 
technique [24].

6	 �Conclusion

circRNA function and their relationships with 
Alzheimer’s disease and other neuropathies 
remain to be fully elucidated. circRNAs are usu-
ally abundant and found to be stable in  vivo, 
which might attribute to their importance in 
molecular diagnostics. Until then, the role of cir-
cRNA in gene regulation may be utilized as 
imperative treatment option. Importantly, the 
potential role of circRNAs as miRNA sponges 
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can be utilized as an innovative approach to regu-
late gene expression. Further research on cir-
cRNA will enhance our understanding in relation 
to neuropathies like AD and lead to new diagnos-
tic biomarkers and promising therapeutic options.
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