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Objective. Intracranial aneurysm (IA) is a fatal disease owing to vascular rupture and subarachnoid hemorrhage. Much attention
has been given to circular RNAs (circRNAs) because they may be potential biomarkers for many diseases, but their mechanism in
the formation of IA remains unknown. Methods. circRNA expression proﬁle analysis of blood samples was conducted between
patients with IA and controls. Overall, 235 diﬀerentially expressed circRNAs were conﬁrmed between IA patients and the
control group. The reliability of the microarray results was demonstrated by quantitative real-time polymerase chain reaction
(qRT-PCR). Results. Of 235 diﬀerentially expressed genes, 150 were upregulated, while the other 85 were downregulated. Five
miRNAs matched to every diﬀerential expression of circRNAs, and related MREs were predicted. We performed gene ontology
(GO) analysis to identify the functions of their targeted genes, with the terms “Homophilic cell adhesion via plasma membrane
adhesion molecules” and “Positive regulation of cellular process” showing the highest fold enrichment. Conclusions. This study
demonstrated the role of circRNA expression proﬁling in the formation of IA and revealed that the mTOR pathway can be a
latent therapeutic strategy for IA.

1. Introduction
Intracranial aneurysm (IA) is a disease characterized by
abnormal dilatation of the intracranial artery as an abnormal bulge. Increasing numbers of asymptomatic unruptured
IAs have been discovered recently using computed tomography (CT) or magnetic resonance imaging (MRI). It has
been proposed that 3% to 5% of individuals harbor an IA
[1]. The pathogenesis and etiology of IA are not yet clearly
understood. The possible factors for IA formation include
inﬂammation, hemodynamics, genetics, hormones, and the
environment [2–4]. A high proportion of subarachnoid
hemorrhage (SAH) is due to IA rupture due to its high
mortality rate. Smoking and high blood pressure were considered to be risk factors for IA rupture [5]. Several studies

have conﬁrmed several loci contributing to IA formation
and rupture [6–17]. Among them, 4 loci, including
1p34.3—p36.13, 7q11, 19q13.3, and Xp22, have been replicated in diﬀerent studies [8, 10, 11, 18, 19]. Recent studies
have observed that circular RNAs (circRNAs) are linked to
cerebrovascular diseases such as moyamoya disease, atherosclerosis, and ischemic stroke. Nevertheless, the pathogenesis of IA formation and rupture remains poorly understood.
circRNAs are noncoding circular RNAs that are single
stranded without free terminals [20]. They bond continuous
loops by connecting their 3 ′ - and 5 ′ -ends and are abundant
in eukaryotic cells [20]. In light of the literature, circRNAs
are associated with the pathogenesis of a number of
diseases, such as moyamoya disease and stroke. circRNAs
can modulate the gene expression during transcriptional
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or posttranscriptional processes through three main pathways: acting as microRNA (miRNA) sponges, holding RNA
binding proteins (RBPs), and controlling alternative splicing
and parental gene expression [20, 21]. Previous research has
suggested that circRNAs are deeply related in many vascular
diseases [22]. For instance, circular antisense noncoding
RNA is linked to atherosclerosis by regulating inhibitors of
cellular factor expression [23]. Moreover, Zheng et al. found
that one circRNA was highly expressed in aortic tissues of
patients with aortic aneurysm compared with healthy tissue.
However, the connection between circRNAs and IA is still
unknown. To examine how circRNAs regulate the formation
of IA and identify the potential molecules contributing to IA
rupture, we carried out this study to analyze circRNA proﬁles
among unruptured IA patients (UIA) and ruptured IA (RIA)
patients and controls.

2. Materials and Method
2.1. Study Population and Blood Sample. From January to
March 2019, we recruited 5 healthy people aged 20 to 60
years old. All 5 healthy controls had undergone computed
tomography angiography (CTA) examination and healthy
check-ups within half a year. Participants diagnosed with
IA from January to March 2019 in our institute were also
included in this study. All enrolled participants underwent
CTA or digital subtraction angiography (DSA) examination.
Furthermore, computed tomography (CT) plain scanning
was conducted to evaluate whether IAs ruptured among all
IA patients. Based on plain CT imaging, we divided the IA
patients into two subgroups: unruptured IA patients and
ruptured IA patients. Patients with other serious cardiovascular or cerebrovascular diseases were eliminated to avoid
confounding results. Our research was permitted by the
Ethics Committee Review Board of Beijing Tiantan Hospital.
Informed consent was acquired from all enrolled participants
before blood sample collection.
Blood samples were drawn from individuals and subsequently collected in vacuum collecting tubes. Samples were
centrifuged at 1500 g/min for 15 minutes, and blood cells
were removed. To remove cell debris, the clear supernatant
was transferred into a new centrifuge tube (RNase-free) and
centrifuged at 10000 g/min for 10 min. We transferred the
supernatant into a new RNase-free centrifuge tube and stored
it at -80°C immediately.
2.2. RNA Isolation and Puriﬁcation. Five samples of normal
peripheral blood, ﬁve samples of UIA patients’ peripheral
blood and ﬁve samples of UIA patients’ peripheral blood
were prepared for RNA extraction. The nurse drew a 5 ml
volume of blood from each subject by venipuncture and
collected them in K 2 EDTA-coated vacutainer tubes (BD
Biosciences, Franklin Lakes, NJ, USA). Total RNA was
extracted from the blood samples using TRIzol reagent (Invitrogen, Carlsbad, CA, USA) based on the manufacturer’s
protocols. A NanoDrop ND-1000 (Thermo Fisher Scientiﬁc,
Wilmington, DE, USA) was used to quantify the total RNA.
RNA integrity was checked by agarose gel electrophoresis.
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RNase R (Epicentre, Inc.) was used to discard linear RNAs
and enrich circular RNAs.
2.3. RNA Labeling and Hybridization. RNA was ampliﬁed
and labeled by the Arraystar Super RNA Labeling Kit
(Arraystar) according to the manufacturer’s protocols, and
then, we puriﬁed the labeled cRNA using a RNeasy mini kit
(Qiagen, Hilden, Germany). The concentration and speciﬁc
activity of the labeled cRNAs (pmol Cy3/μg cRNA) were
determined by a NanoDrop ND-1000. Subsequently, the
qualiﬁed labeled cRNA samples (yield > 1:65 μg and specific
activity > 9:0) were hybridized onto Arraystar Human
circRNA Arrays (V2, Arraystar Inc.) Then, the microarray
slides were incubated for 17 hours at 65°C in a hybridization
oven (Agilent Technologies, Inc., Santa Clara, CA, USA).
Hybridized arrays were washed, ﬁxed, and scanned with a
G2505C scanner (Agilent Technologies).
2.4. Data Analysis and Bioinformatics. Original data were
fetched by Feature Extraction software v. 11.0.1.1 (Agilent
Technologies). We performed quantile normalization of the
raw data and subsequent data processing using the limma
package in R v.3.3 software. After quantile normalization of
the raw data, low-intensity ﬁltering was conducted, and the
circRNAs that had at least 5 out of 15 samples with ﬂags in
“Present” or “Marginal” (deﬁned by GeneSpring software)
were retained for further diﬀerential analysis.
When we compared the two groups of proﬁle discrepancies (the IA group versus the control group), the “fold
change” (i.e., the ratio of the group averages) between the
groups for each circRNA was computed. The statistical signiﬁcance of the diﬀerence was estimated by t-test. circRNAs
with fold changes of ≥1.3 and P values of < 0.05 were selected
as obviously diﬀerentially expressed.
Several studies have shown that circRNAs play a crucial
role in regulating gene expression, which ﬁne tunes the level
of miRNA by sequestering miRNAs. Their reciprocity with
diseases related to miRNAs suggests that circRNAs are
crucial for disease occurrence. In our study, the circRNA/microRNA interactive relationship was predicted with Arraystar’s homemade miRNA target prediction software based
on TargetScan [24] and miRanda [25], and we annotated at
length the diﬀerential expression circRNAs among all the
groups based on circRNA/miRNA interactive information.
All diﬀerentially expressed circRNAs were evaluated by GO
(Gene Ontology) and KEGG (Kyoto Encyclopedia of Genes
and Genomes) pathway analyses. To identify the target genes
for the predicted miRNA sponge, we used the network
visualization and analysis tool Cytoscape v.3.4 to generate
ircRNA-miRNA networks. Furthermore, pathway network
analysis was performed to evaluate reciprocal relationships
among the pathways and visualize the network using Cytoscape v.3.4 software.
2.5. Quantitative Real-Time (qRT)-PCR. qRT-PCR was carried out to identify the microarray results. We synthesized
cDNA from the total RNA using Super Script III reverse
transcriptase (Invitrogen) based on the manufacturer’s protocol. The PCR thermocycling conditions of predenaturation
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Table 1: Clinical characteristics of all participants.

Variable

IA patients

Control

P value

5
53:80 ± 8:585

5
45:60 ± 6:309

0.113

9:00 ± 0:743

NA

0.153

UIA

RIA

Age

5
55:60 ± 8:562

Size

6:20 ± 1:304

Number

Location of IA
MCA
ACA
Shape (saccular)
Smoking
Drinking

NA
3
2
5
0
0

were set at 95°C for 10 minutes, followed by 40 cycles (95°C
for 10 seconds and 60°C for 60 seconds). We assigned the
housekeeping gene β-actin as the internal reference. All reactions were performed in triplicate, and the 2 −ΔΔCt method
was used to calculate the expression level of circRNAs.
2.6. Statistical Analysis. Student’s t-test (two tailed) and chisquared test were used to assess the statistical signiﬁcance
between groups. Statistical analysis was conducted using SPSS
22.0 (SPSS Inc., Chicago, IL, USA). A P value of < 0.05 was
considered statistically signiﬁcant.

3. Results
3.1. Analysis of circRNA Expression Proﬁles. We implemented microarray analysis of ﬁve samples from the UIA
group, ﬁve from RIA patients, and ﬁve samples from
matched normal controls. The general information and clinical baseline data of all participants are shown in Table 1. To
prevent other probable risk factors from confounding the
results, we matched the size, shape, and location of aneurysms between UIA patients and RIA patients. The expression of 12546 circRNAs was evaluated in the three groups
by microarray analysis. The diﬀerence in circRNA expression proﬁles between the IA patients and healthy group
and between the UIA group and RIA group were revealed
by hierarchical clustering. Volcano, scatter, and box plots
were generated to demonstrate the diﬀerentially expressed
circRNAs (Figures 1(a)–1(d)). Of all diﬀerentially expressed
circRNAs, 150 were upregulated, and 85 were downregulated between the two compared groups (IA group and
control group). Seven upregulated and 3 downregulated
diﬀerentially expressed circRNAs were validated between
the UIA group and RIA group (fold diﬀerence of ≥1.3 and
P value of < 0.05) [26].
3.2. qRT-PCR Validation of Diﬀerential Expression of
circRNAs. Five circRNAs (hsa_circRNA_000139, hsa_circRNA_101321, hsa_circRNA_072697, hsa_circRNA_069101,
and hsa_circRNA_103677) were selected for qRT-PCR to
conﬁrm the microarray analysis data in ﬁfteen IA and control
samples. The qRT-PCR results were in accordance with the

3
2
5
0
0

NA
0
0

microarray expression data, indicating the high reliability of
the microarray analysis (Figure 2).
3.3. ceRNA Network Construction and GO and KEGG
Pathway Analyses. circRNAs can modulate gene expression
during transcriptional or posttranscriptional processes by
functioning as inhibitors of miRNA bonding sponges or
partners. We predicted that the ﬁve feasible miRNAs
matched to every diﬀerentially expressed circRNA and
MRE. Additionally, we evaluated 2465 circRNA-miRNA
pairs with one or more binding sites. The interactive network
between circRNAs and miRNAs was predicted for veriﬁed
circRNAs, and GO analysis was carried out to identify the
role of targeted genes. The top ten enriched GO terms in biological process are shown in Figure 3 with terms “Homophilic cell adhesion via plasma membrane adhesion molecules”
and “Positive regulation of cellular process” showing the
greatest fold enrichment. The KEGG pathway evaluation
proclaimed 10 obviously enriched pathways in correspondence to the targeted genes. The most signiﬁcant pathways
included hepatocellular carcinoma, proteoglycans in cancer,
and the mammalian target of rapamycin (mTOR) signaling
pathway (Figure 4).

4. Discussion
The formation mechanism of IA is still unknown. Previous
research has reported that inﬂammation and hemodynamic,
genetic, hormonal, and environmental factors may contribute to IA [10–12]. In addition, several studies have conﬁrmed
that circRNAs are relevant to cerebrovascular diseases such
as moyamoya disease, atherosclerosis, and ischemic stroke.
In this study, we used a circRNA microarray to demonstrate
235 diﬀerentially expressed circRNAs in IA patients compared a matched control group.
Noncoding RNAs are crucial regulators of gene expression. Studies have revealed that they can act on diﬀerent cellular processes and biological functions by controlling gene
regulation [27]. Noncoding RNAs, including linear RNAs
and circRNAs, could serve as competing endogenous RNAs
(ceRNAs) by competitively binding miRNA response elements. circRNAs mainly originate from genes that code for
protein synthesis and are generally composed of exons [28].

4
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Figure 1: circRNA expression proﬁle comparison among three groups. (a) Hierarchical clustering demonstrates a diﬀerence in circRNA
expression proﬁling between the three groups. (b) Volcano plot shows diﬀerential circRNA expression between the IA patients and
control groups, and the red points represent the circRNAs with log 2.0-fold changes (upregulated and downregulated) with statistical
signiﬁcance (P < 0:05). (c) Scattered plot shows the circRNA expression variation between the IA patients and control groups. (d) Box plot
shows the distribution of circRNA expression patterns of three groups. IA: aneurysm.
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Figure 2: qRT-PCR validation of the diﬀerentially expressed
circRNAs.

It has been reported that circRNAs can exist in every tissue
and organ; however, they are also tissue enriched in some situations [28, 29]. circRNAs could not be decomposed by
RNase R because their 3 ′ - and 5 ′ -ends form a circle. Their
stable characteristics are attributed to this special structure.
Furthermore, researchers have appealed that circRNAs are
conserved between species, and the expression levels of circRNAs are commonly cell or tissue speciﬁc, suggesting that
circRNAs could be disease markers. Previous studies have
demonstrated the crucial role of circRNAs in the occurrence
of various cardiovascular diseases by regulating cytodiﬀerentiation, proliferation, necrosis, and apoptosis [30]. Several
experts have harbored the idea that heart-related circRNA
could prevent the heart from hypertrophy and failure [31].
It could bind with miR-223, which downregulates the level
of apoptosis repressor [31]. It was previously described that
Cdr1as could sequester miR-7 in neurocytes via sequence
complementarity [32, 33]. Moreover, Cdr1as has been demonstrated to have the capacity to regulate myocardial infarction by binding to miR-7a in mouse cardiomyocytes [34].
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Figure 3: GO and KEGG pathway analyses of the diﬀerential expression circRNAs. (a), Top ten GO biological processes. (b), KEGG pathways
of diﬀerential expression circRNAs. GO: Gene Ontology; KEGG: Kyoto Encyclopedia of Genes and Genomes.

Wang et al. described that circRNAs are indicative of the regulation of heart mitochondrial dynamics and myocardial cell
apoptosis [30]. Liu et al. reported the relationship between
circR-284 and cerebrovascular ischemic stroke associated
with the carotid artery. It has been found that the levels of
circR-284 were higher in patients with carotid-related ischemia than in a control group [35].

circRNAs are also linked to various diseases, including
Alzheimer’s disease. It has been shown that circRNA ciRS7/CDR1as is associated with amyloid peptide clearance by regulating miRNA miR-7 [36, 37]. Additionally, circRNAs have
been proven and proposed to be related to several kinds of
tumors. One research group revealed that high expression of
circ-100338 could promote the proliferation of hepatocellular
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Figure 4: Target genes in the mTOR signaling pathway. mTOR: mammalian target of rapamycin.

carcinoma cells [38]. In another study, Pang et al. determined
that circ_0072309 could retard the progression of NSCLC by
inhibiting the expression of miR-580-3p [39].
In our experiments, we analyzed circRNA levels in whole
blood samples using a circRNA microarray. circRNA proﬁling was performed using ﬁve samples from every group. In
total, 235 diﬀerentially expressed circRNAs were veriﬁed;
150 were upregulated versus 85 were downregulated between
the two IA groups and the control group, whereas 7 upregulated versus 3 downregulated diﬀerentially expressed circRNAs were conﬁrmed between the UIA group and the
RIA group. The results implied that circRNAs were associated with the formation of IA. The interaction network
between circRNAs and miRNAs was predicted for veriﬁed
circRNAs, and GO analysis was carried out to identify the
role of their targeted genes. We demonstrated that the term
“homophilic cell adhesion via plasma membrane adhesion
molecules” was the top enriched term in the analysis. This
provided overwhelming evidence for the involvement of
circRNAs in the formation of IA because previous studies
have described the correlation between IA and cell adhesion.
Peters et al. discovered that SPARC was highly expressed in
aneurysms and is a counteradhesive glycoprotein that is
expressed in a variety of tissues [40]. mTOR signaling is at
the core of the pathway-pathway interaction network and is
linked to the genes associated with IA.
This pathway modulates translation initiation of protein
synthesis, and biological processes, such as cell size and proliferation, are regulated by this pathway, which could coordinately integrate nutrient suﬃciency signals from mTOR with
growth factor signals [41]. Similarly, the phospho-mTOR
levels were decreased in ruptured IAs compared to unruptured IAs [42].

5. Conclusion
In conclusion, our study predicted the function of circRNAs
in IA formation and expanded the body of knowledge on the
pathogenesis of IA. We demonstrated that circRNAs are
linked to the formation of IA by modulating the mTOR
signaling pathway. Our results revealed a list of potential
diagnostic biomarkers for IA and suggested that diﬀerentially
expressed circRNAs or the mTOR pathway can be latent
therapeutic strategies for IA.

Data Availability
The raw data used to support the ﬁndings of this study are
available from the corresponding author upon request.

Conflicts of Interest
The authors have no ﬁnancial conﬂicts of interest.

Acknowledgments
This work was supported by the “13th Five-Year Plan”
National Science and Technology Supporting Plan
(2015BAI12B04), National Natural Science Foundation of
China (81371292), Beijing Municipal Administration of
Hospitals’ Mission Plan (code: SML20150501), program of
the National Natural Science Foundation of China
(81870904), and the Program of Natural Science Foundation of Capital Medical University (PYZ2017068).

Disease Markers

Supplementary Materials
The supplementary materials include three ﬁles. The
primer ﬁle lists the primer sequences, lengths, and target
genes. The sample ﬁle shows the quality and concentration
of the 15 perineal blood samples. In addition, the network
ﬁle shows the circRNA-miRNA networks. (Supplementary
Materials)

References
[1] M. H. Vlak, A. Algra, R. Brandenburg, and G. J. Rinkel, “Prevalence of unruptured intracranial aneurysms, with emphasis
on sex, age, comorbidity, country, and time period: a systematic review and meta-analysis,” Lancet Neurology, vol. 10,
no. 7, pp. 626–636, 2011.
[2] N. Chalouhi, M. S. Ali, P. M. Jabbour et al., “Biology of intracranial aneurysms: role of inﬂammation,” Journal of Cerebral Blood
Flow and Metabolism, vol. 32, no. 9, pp. 1659–1676, 2012.
[3] T. Aoki, H. Kataoka, R. Ishibashi, K. Nozaki, K. Egashira, and
N. Hashimoto, “Impact of monocyte chemoattractant protein1 deﬁciency on cerebral aneurysm formation,” Stroke, vol. 40,
no. 3, pp. 942–951, 2009.
[4] R. M. Koﬃe, C. J. Stapleton, C. M. Torok, A. J. Yoo, T. M.
Leslie-Mazwi, and P. J. Codd, “Rapid growth of an infectious
intracranial aneurysm with catastrophic intracranial hemorrhage,” Journal of Clinical Neuroscience, vol. 22, no. 3,
pp. 603–605, 2015.
[5] V. Feigin, V. Parag, C. M. Lawes et al., “Smoking and elevated
blood pressure are the most important risk factors for subarachnoid hemorrhage in the asia-paciﬁc region: an overview
of 26 cohorts involving 306, 620 participants,” Stroke, vol. 36,
no. 7, pp. 1360–1365, 2005.
[6] J. M. Farnham, N. J. Camp, S. L. Neuhausen et al., “Conﬁrmation of chromosome 7q11 locus for predisposition to intracranial aneurysm,” Hum Genet, vol. 114, no. 3, pp. 250–255, 2004.
[7] Y. B. Roos, G. Pals, P. M. Struycken et al., “Genome-wide linkage in a large dutch consanguineous family maps a locus for
intracranial aneurysms to chromosome 2p13,” Stroke,
vol. 35, no. 10, pp. 2276–2281, 2004.
[8] S. Yamada, M. Utsunomiya, K. Inoue et al., “Genome-wide
scan for Japanese familial intracranial aneurysms: linkage to
several chromosomal regions,” Circulation, vol. 110, no. 24,
pp. 3727–3733, 2004.
[9] A. K. Ozturk, B. V. Nahed, M. Bydon et al., “Molecular genetic
analysis of two large kindreds with intracranial aneurysms
demonstrates linkage to 11q24-25 and 14q23-31,” Stroke,
vol. 37, no. 4, pp. 1021–1027, 2006.
[10] H. Onda, H. Kasuya, T. Yoneyama et al., “Genomewide-linkage and haplotype-association studies map intracranial aneurysm to chromosome 7q11,” American Journal of Human
Genetics, vol. 69, no. 4, pp. 804–819, 2001.
[11] B. V. Nahed, A. Seker, B. Guclu et al., “Mapping a Mendelian
form of intracranial aneurysm to 1p34.3-p36.13,” American
Journal of Human Genetics, vol. 76, no. 1, pp. 172–179, 2005.
[12] E. Biros and J. Golledge, “Meta-analysis of whole-genome linkage scans for intracranial aneurysm,” Neuroscience Letters,
vol. 431, no. 1, pp. 31–35, 2008.
[13] D. Woo and J. Broderick, “Genetics of intracranial aneurysm,”
Journal of Stroke and Cerebrovascular Diseases, vol. 11, no. 5,
pp. 230–240, 2002.

7
[14] L. R. Sauerbeck, R. Hornung, C. J. Moomaw et al., “The eﬀects
of study participation in the familial intracranial aneurysm
study on cigarette smoking,” Journal of Stroke and Cerebrovascular Diseases, vol. 17, no. 6, pp. 370–372, 2008.
[15] J. R. Ren, S. H. Ren, B. Ning et al., “Hyperhomocysteinemia as
a risk factor for saccular intracranial aneurysm: a cohort study
in a Chinese Han population,” Journal of Stroke and Cerebrovascular Diseases, vol. 26, no. 12, pp. 2720–2726, 2017.
[16] P. J. Hui, Y. H. Yan, S. M. Zhang et al., “Intraoperative microvascularDoppler monitoring in intracranial aneurysm surgery,” Chinese Medical Journal, vol. 126, no. 13, pp. 2424–
2429, 2013.
[17] Y. X. Gu, X. C. Chen, D. L. Song, B. Leng, and F. Zhao, “Risk
factors for intracranial aneurysm in a ethnic population,” Chinese Medical Journal, vol. 119, no. 16, pp. 1359–1364, 2006.
[18] Y. Mineharu, K. Inoue, S. Inoue et al., “Model-based linkage
analyses conﬁrm chromosome 19q13.3 as a susceptibility locus
for intracranial aneurysm,” Stroke, vol. 38, no. 4, pp. 1174–
1178, 2007.
[19] L. Liu, Q. Zhang, X. Y. Xiong, Q. W. Gong, M. F. Liao, and
Q. W. Yang, “Tlr 4 gene polymorphisms rs 11536889 is associated with intracranial aneurysm susceptibility,” Journal of
Clinical Neuroscience, vol. 53, pp. 165–170, 2018.
[20] J. W. Fischer and A. K. Leung, “CircRNAs: a regulator of cellular stress,” Critical Reviews in Biochemistry and Molecular
Biology, vol. 52, no. 2, pp. 220–233, 2017.
[21] N. R. Pamudurti, O. Bartok, M. Jens et al., “Translation of circrnas,” Molecular Cell, vol. 66, no. 1, pp. 9–21.e7, 2017, e27.
[22] M. Zhao, F. Gao, D. Zhang et al., “Altered expression of circular RNAs in moyamoya disease,” Journal of the Neurological
Sciences, vol. 381, pp. 25–31, 2017.
[23] C. E. Burd, W. R. Jeck, Y. Liu, H. K. Sanoﬀ, Z. Wang, and N. E.
Sharpless, “Expression of linear and novel circular forms of an
INK 4/ARF-associated non-coding RNA correlates with atherosclerosis risk,” PLoS Genetics, vol. 6, no. 12, p. e1001233,
2010.
[24] A. J. Enright, B. John, U. Gaul, T. Tuschl, C. Sander, and D. S.
Marks, “MicroRNA targets in drosophila,” Genome Biology,
vol. 5, no. 1, p. R1, 2003.
[25] A. E. Pasquinelli, “MicroRNAs and their targets: recognition,
regulation and an emerging reciprocal relationship,” Nature
Reviews. Genetics, vol. 13, no. 4, pp. 271–282, 2012.
[26] J. P. Bennett and P. M. Keeney, “RNA-sequencing reveals similarities and diﬀerences in gene expression in vulnerable brain
tissues of Alzheimer's and Parkinson's diseases,” Journal of
Alzheimer's Disease Reports, vol. 2, no. 1, pp. 129–137, 2018.
[27] A. F. Gabriel, M. C. Costa, and F. J. Enguita, “Interactions
among regulatory non-coding RNAs involved in cardiovascular diseases,” Advances in Experimental Medicine and Biology,
vol. 1229, pp. 79–104, 2020.
[28] W. R. Jeck, J. A. Sorrentino, K. Wang et al., “Circular RNAs are
abundant, conserved, and associated with alu repeats,” RNA,
vol. 19, no. 2, pp. 141–157, 2013.
[29] J. Salzman, C. Gawad, P. L. Wang, N. Lacayo, and P. O. Brown,
“Circular RNAs are the predominant transcript isoform from
hundreds of human genes in diverse cell types,” PLoS One,
vol. 7, no. 2, p. e30733, 2012.
[30] K. Wang, T. Y. Gan, N. Li et al., “Circular RNA mediates cardiomyocyte death via miRNA-dependent upregulation of
MTP 18 expression,” Cell Death and Diﬀerentiation, vol. 24,
no. 6, pp. 1111–1120, 2017.

8
[31] K. Wang, B. Long, F. Liu et al., “A circular RNA protects the
heart from pathological hypertrophy and heart failure by targeting miR-223,” European Heart Journal, vol. 37, no. 33,
pp. 2602–2611, 2016.
[32] T. B. Hansen, T. I. Jensen, B. H. Clausen et al., “Natural RNA
circles function as eﬃcient microRNA sponges,” Nature,
vol. 495, no. 7441, pp. 384–388, 2013.
[33] S. Memczak, M. Jens, A. Elefsinioti et al., “Circular RNAs are a
large class of animal RNAs with regulatory potency,” Nature,
vol. 495, no. 7441, pp. 333–338, 2013.
[34] H. H. Geng, R. Li, Y. M. Su et al., “The circular RNA Cdr1as
promotes myocardial infarction by mediating the regulation
of mir-7a on its target genes expression,” PLoS One, vol. 11,
no. 3, p. e0151753, 2016.
[35] X. Liu, Y. Cheng, S. Zhang, Y. Lin, J. Yang, and C. Zhang, “A
necessary role of miR-221 and miR-222 in vascular smooth
muscle cell proliferation and neointimal hyperplasia,” Circulation Research, vol. 104, no. 4, pp. 476–487, 2009.
[36] W. J. Lukiw, “Circular RNA (circRNA) in Alzheimer's disease
(AD),” Frontiers in Genetics, vol. 4, p. 307, 2013.
[37] Z. Shi, T. Chen, Q. Yao et al., “The circular RNA ciRS-7 promotes APP and BACE 1 degradation in an NF-kappabdependent manner,” The FEBS Journal, vol. 284, no. 7,
pp. 1096–1109, 2017.
[38] X. Cheng, P. Tian, W. Zheng, and X. Yan, “Piplartine attenuates the proliferation of hepatocellular carcinoma cells via regulating hsa_circ_100338 expression,” Cancer Medicine, vol. 9,
no. 12, pp. 4265–4273, 2020.
[39] W. Pang, F. Huang, X. Zhang et al., “Circular RNA hsa_circ_
0072309 inhibits non-small cell lung cancer progression by
sponging miR-580-3p,” Bioscience Reports, vol. 40, no. 5, 2020.
[40] D. G. Peters, A. B. Kassam, E. Feingold et al., “Molecular anatomy of an intracranial Aneurysm,” STROKE, vol. 32, no. 4,
pp. 1036–1042, 2001.
[41] A. C. Gingras, B. Raught, and N. Sonenberg, “mTOR signaling
to translation,” Current Topics in Microbiology and Immunology, vol. 279, pp. 169–197, 2004.
[42] E. Laaksamo, M. Ramachandran, J. Frösen et al., “Intracellular
signaling pathways and size, shape, and rupture history of
human intracranial aneurysms,” NEUROSURGERY, vol. 70,
no. 6, pp. 1565–1573, 2012.

Disease Markers

