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ABSTRACT 
 

 

 Circular RNAs (circRNAs) are a kind of RNA that results through a non-regular process known 

as alternative splicing. Because of their possible regulatory activities during gene expression, 

circRNAs have lately sparked attention in transcriptome research. CircRNAs can operate as 

microRNA sponges, influencing transcription as a result of their intricate engagement in normal 

transcriptional processes. Some early studies have showed that circRNAs play important roles in 

human disorders, including cancer. As the statistical association between PC and circRNAs grows, 

genetic and environmental studies are being built to investigate the possible targets of circRNAs 

in preventing carcinogenesis. Despite the fact that the association between circRNAs and PCs is 

well established, the integrated signaling pathways and molecular mechanisms of circRNA-

modulated gene regulation are yet unknown. this research includes the latest development and 

research linking circRNAs to prostate cancer. 
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INTRODUCTION 
 

   Since the history of genetics began in 1866 by Mendel, and until this moment in the present 

day, scientific discoveries continue to open new technical ways and mechanisms for understanding 

the work of human genes, and the impressive thing is that the more scientific discoveries in this 

field “molecular biology”, the greater the complexities and the mechanisms branched out more 

and more, these complexities and ramifications opened wide horizons for researchers in the field 

of biology until discoveries and conquests continued as if it were an endless line, and with every 

small extension towards the front, ramifications arise in addition to what was required of a review 

of previous theories or facts that turned out with the tremendous development of scientific 

techniques that they are wrong or at least need to be modified. 

 Although the DNA sequences in the human genome have been fully determined in 2003, it is still 

not fully understood, most genes have been identified through a combination of high-throughput 

experimental approaches and bioinformatics, but there is still much work to be done to learn the 

biological functions of the nucleic acid products. Despite the study of DNA and its components 

was and still is the dominant interest of most researchers and scholars as to the backbone of human 

genetic material, in the last decade interest has increased greatly in RNA as a special translator and 

technical engineer for DNA, so to speak. 

 RNA was formerly assumed to primarily act as a messenger, carrying DNA-encoded instructions 

to other molecules such as the ribosome, which might then use the information to produce proteins. 

The three most well-known RNA and main types involved in protein synthesis are messenger RNA 

(mRNA), transfer RNA (tRNA), and ribosomal RNA (rRNA) (Wang and Farhana, 2020)., all of 

which are found in all species. These and other forms of RNAs, like enzymes, primarily carry out 

biological activities. Some, on the other hand, have intricate regulatory biological functions. RNAs 

have crucial roles in both normal cellular processes and disorders due to their involvement in 

numerous regulatory mechanisms, their abundance, and their various activities. However, in the 

last 30 years, researchers have discovered that there are several forms of RNA (Fig. 1). These 

forms were previously dismissed as cellular junk. Noncoding RNA (ncRNA) the type that isn't 

involved in protein production is one of the most significant (Slack and Chinnaiyan, 2019). 
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Hundreds of ncRNAs have been discovered in recent years (Fig.2), and they are involved in a 

variety of processes including RNA maturation, transcription regulation, chromatin remodeling, 

and post-transcriptional RNA modifications, so ncRNAs play an important role in gene regulatory 

networks (Panni et al., 2020). The discovery of ncRNA species has transformed the field, 

changing how scientists think about physiology and disease progression (Adams et al., 2017). 

Although ncRNAs make up more than 90% of the RNAs produced by the human genome, the 

majority of the >50,000 known ncRNAs have only been identified in the last ten years and are 

mostly unstudied (Esposito et al., 2019). 

 

 Figure 1. Coding and noncoding classes of RNA. Precursor messenger RNA (pre-mRNA) gives rise to 

protein-coding messenger RNA (mRNA). Noncoding RNAs (ncRNAs) include ribosomal RNA (rRNA) and 

other species that can be categorized into short and long ncRNAs. Short ncRNAs consist of microRNA 

(miRNA), Piwi-interacting RNA (piRNA), small interfering RNA (siRNA), transfer RNA (tRNA), and small 

nucleolar RNA (snoRNA). Long ncRNAs (lncRNAs) include long intergenic ncRNA (lincRNA), antisense 

RNA (asRNA), pseudogenes, and circular RNA (circRNA). (Chan and Tay, 2018). 
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Many ncRNAs have now been discovered to have important roles in normal cellular function as 

well as illness, including cancer (Romano et al., 2017). Because certain tiny ncRNAs are 

sufficiently stable that they can survive in the bloodstream, they might be used to develop accurate 

and sensitive cancer screening tests (Imaoka et al., 2016). ncRNAs may be classified into several 

groups based on their size. microRNA (MiRNAs), tsRNAs, and piRNAs are examples of tiny 

ncRNAs that are significant in cancer. The lncRNAs, which are defined as untranslated RNAs 

longer than 200 nt and contain subclasses such as pseudogenes and circRNAs, are at the other 

Figure 2: Timeline of molecular discoveries relating to noncoding RNA (Bhatti et al., 2021). 
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extreme of the size range (Slack and Chinnaiyan, 2019). The discovery of ncRNA has brought a 

new dimension to our knowledge of how cancer arises and how it might be treated. 

It is now clear that noncoding RNA (ncRNA) plays a critical role in a variety of malignancies. 

Some of these ncRNAs are overexpressed in some malignancies, resulting in aberrant activation 

of CSC (Cancer Stem Cells) and dysregulation of various cell cycle signaling pathways. These 

ncRNAs are also known to be inhibited in several circumstances, preventing proper cell division. 

These are good candidates for cancer detection and therapy because of their important capacities 

and diversified functions (Bhatti et al., 2021). 

Circular RNAs (circRNAs) have a nearly 30-year history (Fig.3), they were discovered in RNA 

viruses in the 1970s, for the first time, and were once thought to be the result of transcriptional 

noise (Chen et al., 2020). CircRNAs are a kind of non-coding RNA (ncRNA) that is produced by 

back-splicing pre-mRNAs or long non-coding RNAs (lncRNAs) and are more stable than linear 

host genes (Kristensen et al., 2019; Hanniford et al., 2020; Wang et al., 2021). A rapidly rising 

number of circRNAs have been found in eukaryotic cells because of the developments in deep 

sequencing and analytics techniques, and circRNA expression patterns are tissue/development-

specific (Wu, Ji, and Zhao, 2020). 

 

 

 

 

Figure 3: Timeline of circular RNA. (Chen and lu,2021) 
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CircRNAs had been generally overlooked in human cells, frequently dismissed as by-products of 

RNA splicing processes that produced mRNAs, but high-throughput RNA sequencing of libraries 

revealed that up to 20% of transcriptionally active genes expressed circRNAs (Guo et al., 2014). 

CircRNAs are characterized as exonic (ecircRNA), exon-intron (EIcircRNA), or intronic (ciRNA) 

based on their components (He et al., 2021; Tao et al., 2021). ecircRNAs are the most common 

circRNAs, and they are mostly created in vivo through a process known as back splicing (Barrett 

et al., 2015). 

CircRNA is found in abundance in many cells and performs a variety of activities in them (Fig. 

4), including functioning as a miRNA sponge, protein sponge, protein scaffold, and mRNA 

regulator. With the advancement of circRNA research, circRNA has become more relevant in 

medical applications, such as circRNA vaccines and gene therapy (Chen and Lu, 2021). 

 

circRNAs are mostly found in the cytoplasm and serve a variety of purposes. The microRNA 

(miRNA) sponge is the most well-known function of circRNAs (Li et al., 2020; He et al., 2021). 

Furthermore, they regulate the translation and stability of mRNA levels, as well as the activity of 

proteins (Chen et al., 2020b; Huang et al., 2020). Circ RNAs have a structural advantage that 

Figure 4: Functions of 

circRNAS. (A) circRNAs 

can act as miRNA sponges 

and subsequently regulate 

the expression of relevant 

target genes. (B) circRNAs 

can bind to several proteins 

and mediate their actions. 

(C) circRNAs can be 

translated into peptides or 

proteins. (D) circRNAs 

exist in the serum and other 

bodily fluids and can 

function as molecular 

biomarkers for the 

diagnosis and treatment of 

cancer. ecircRNA, exonic 

circRNA; circRNA, 

circular RNA; AGO2, 

Argonaute-2; RBP, RNA-

binding protein (Yang et 

al, 2021). Ahm
ad

 Alsh
ikh

 Sale
h



 

 

makes them more stable, notably against exonuclease destruction, the enhancement of RNA 

stability has been a major problem in the creation of RNA vaccines. Fortunately, circRNAs have 

a lot of potential in this area (Chen and Lu, 2021). They vary from microRNAs (miRNAs) and 

long noncoding RNAs (lncRNAs) in that they do not have a 5'cap and a 3'polyadenylated tail, and 

they can encode regulatory peptides (Zhang et al., 2018). Up to now, more than 15, 000 

ecircRNAs have been discovered in people and mice, accounting for 15% and 40% of all circRNAs 

in humans and mice, respectively (Dong et al., 2017). 

CircRNAs can interact with proteins, translated peptides, transcriptional and translational 

regulators, and compete with pre-mRNA splicing (Xin et al., 2021). CircRNAs have recently been 

shown to be linked with polysomes, and some of them include the start codon AUG and putative 

Open Reading Frames (ORF) of optimal length, indicating that circRNAs may have surprising 

protein-coding potential. Also, they can encode regulatory peptides, and there may be a secret 

proteome encoded by circRNAs (Lei et al., 2020). Furthermore, in human cancer, circRNAs can 

affect host gene expression via a variety of regulatory mechanisms or indirect routes (Wang et al., 

2021).  

CircRNAs have been demonstrated to have an important role in tumor development in several 

studies, might be used as biomarkers to aid in the detection of some malignancies, and have been 

partially demonstrated to be molecular indicators of tumors in recent investigations (Meng et al., 

2017). miRNA response elements (MREs) are found in circRNAs and bind to miRNAs, preventing 

them from attaching to target mRNAs, circRNAs' ability to act as miRNA sponges is one of their 

most well-studied activities, several circRNAs regulate the expression of their host genes via 

miRNA sponges, serving as oncogenes in human cancers including proliferation, migration, 

invasion, metastasis, glycolysis, and apoptosis (Chen et al., 2020). Furthermore, circRNA-protein 

interactions have a role in target protein posttranslational regulation, such as ubiquitination and 

phosphorylation-mediated destruction (Wang et al., 2021). CircRNAs are suitable non-invasive 

diagnostic indicators for cancer detection because of these characteristics. Many circRNAs have 

also been shown to have biological roles in relevant cells, indicating that they might be used as 

therapeutic targets or tools (Fang et al., 2020). 

Prostate cancer (PC) is a leading cause of death and disease in men. Each year 1.6 million men are 

diagnosed with the condition, and 366,000 men die from it (Pernar et al., 2018). According to the 
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Prostate Cancer UK Society, Prostate cancer affects one out of every eight males. You're at a 

considerably higher risk if you're over 50, black, or if your father or brother had it (Prostate 

Cancer UK, 2018). Adenocarcinomas account for almost all prostate cancers, these malignancies 

arise from gland cells, while some prostate cancers grow and spread rapidly, the majority do so 

slowly (Cancer.org, 2018). The most common cause of death from prostate cancer is metastasis, 

which happens when cancer cells migrate to other parts of the body (Schatten, 2018). 

Prostatectomy for primary prostate cancer and androgen deprivation for metastatic disease are the 

most common treatments, however, there are few alternatives for castrate-resistant prostate cancer 

(Xia et al., 2018). 

The standard biomarker for prostate cancer diagnosis and management is serum prostate-specific 

antigen (PSA). However, because of its low specificity, the PSA test frequently leads to 

overdiagnosis and overtreatment (Xia et al., 2018). PSA testing, on the other hand, is restricted in 

its capacity to identify benign prostatic epithelial changes such as prostatitis or benign prostatic 

hyperplasia (BPH) from PCa (Tan et al., 2019). The prognosis of a given case of PCa is of great 

importance for the choice of patient treatment options, particularly regarding adjuvant treatment, 

and it is also an important indicator for judging the effects of treatment. The time from radical 

therapy to biochemical recurrence (BCR), the preoperative PSA value, the pathological stage, and 

the Gleason score (GS) are independent factors in the prognostic analyses of PCa (Koo et al., 

2018). So, because the pathological stage and GS can only be identified by pathology, and GS 

alone cannot reliably advise prognosis, it's also crucial to uncover molecules that may accurately 

predict PCa prognosis using less traumatic ways before surgery (Fischer et al., 2015). 

Liquid biopsy is the process of collecting and analyzing circulating components like circulating 

tumor cells (CTCs), cell-free DNA (cfDNA), and RNA (cfRNA) are being investigated as a 

possible source of PCa biomarkers (Campos-Fernández et al., 2020). Several initiatives are 

presently underway to develop early detection assays based on the detection of circulating RNA 

isolated from blood or urine in this context (Cheung et al., 2019). More and more circRNAs have 

been discovered to be inappropriately expressed and implicated in the incidence and progression 

of PCa, including cell proliferation, apoptosis, invasion, migration, metastasis, chemotherapy 

resistance, and radiation resistance, in recent years. 
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The majority of circRNAs influence cancer biology via a competitive endogenous RNA (ceRNA) 

regulation mechanism, however, some can also act via binding to proteins. Many 

clinicopathological aspects of PCa, including tumor grade, lymph node metastasis, and distant 

metastases, are linked to circRNAs. Furthermore, circRNAs have the potential to be used as 

diagnostic and prognostic biomarkers for PCa (Liu et al., 2021). Some circRNAs are tumor-

specific, and their activities aren't always linked to parental genes, and they generally play a role 

in cancer growth on their own (Vo et al., 2019). About 19 % of the circRNAs discovered were 

tissue-specific and were assessed using bio-analysis criteria, Furthermore, several circRNAs have 

low expression abundance in PCa, even though the expression of their related progenitor genes 

does not alter much (Vo et al., 2019). 

Cell survival (including cell cycle and apoptosis), migration, and invasion have all been studied as 

circRNAs play a part in the incidence and progression of PCa. CircRNAs' key strategy for 

regulating downstream targets is their role as miRNA sponges that control downstream gene 

expression, in all the studies on PCa, the majority of the circRNAs work in this manner. Many 

circRNAs that are involved in the growth of other malignancies are also involved in the 

development of PCa (Ng, Mohd Mohidin, and Shukla, 2018). 

This work focuses on circRNA-related prostate cancer, it’s a way  to present a brief, objective, and 

scientific presentation of circular RNA (circRNA) and its direct relationship with prostate cancer, 

explaining the mechanism of formation of circular RNA, it’s types and functions, and it’s effective 

and important role in cancers in general and prostate cancer in particular, explaining with a 

scientific view how the interference of circular RNA in the formation and development of prostate 

cancer on one hand, and it’s therapeutic and pharmacological possibilities on the other hand. 

Despite the difficulty of covering this topic in all its aspects considering the role of circular RNA 

in cancer is rather recent, that is, research and discoveries continue until this moment about  this 

tiny molecule, which at an earlier stage was considered just biological noise, this view done to 

highlight the most important basic points in this subject, based on the most important and most 

recent studies related to this field. 
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OVERVIEW 
 

 Circular RNAs (circRNAs) are a remarkable kind of RNA molecule that was discovered over 40 

years ago (Fig.5). By electron microscopy, circRNAs were found as circular RNA genomes in 

plant viroids in 1976 (Sanger et al., 1976). The first human circRNA was discovered in 1991 

(Nigro et al., 1991). By 2012, RNA-Seq has revealed genome-wide profiling of circRNAs, and it 

was discovered to behave as a miRNA sponge in 2013 (Memczak et al., 2013). The first 

commercial circRNA microarray was released in 2014, and the array was analyzed for its 

expression by Arraystar (Qu et al., 2015). CircRNAs were proposed as cancer biomarkers in 2015, 

and they might be identified in exosomes (Li et al., 2015). CircRNAs were also discovered to have 

a long-life expectancy and high durability (Enuka et al., 2015). In 2017, it was discovered that 

endogenous circRNA may be converted into functional polypeptides (Yang et al., 2017). And a 

new technique for isolating very pure circRNA was established, which included RNase R 

treatment followed by polyadenylation and poly A+ RNA depletion (RPAD) (Panda et al., 2017). 
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Biogenesis of circRNA. 
 

Circular RNAs (circRNAs) are a kind of single-stranded endogenous RNA with back-spliced 

covalently closed-loop structures. In general, circular RNAs have multi sub-classes including 

circRNAs from introns, which is circular molecules generated by spliceosomal splicing, tRNA 

splicing, and group I and II (self-splicing ribozymes) introns (Nisar et al., 2021). Circular intronic 

RNAs (ciRNAs) are circularized intron lariats created by eukaryotic spliceosomal splicing in 

eukaryotes (ciRNAs). Viroids and the hepatitis delta virus (HDV), in this category single-stranded 

circRNAs are essential for RNA replication, in a process known as rolling circle RNA replication, 

circularity permits one initiation event to lead to numerous genomic copies. CircRNAs from 

intermediates in RNA processing reactions are made by splicing linear molecules from precursors 

and then circularizing them with a ligase, they are required for the rearrangement of RNA sequence 

order and for the synthesis of permuted tRNA genes in archaea. (Circular RNAs: Biogenesis and 

Functions, 2018).  

 

Noncoding circRNAs in archaea, here CircRNAs are formed from circularized tRNA introns that 

have been removed, Circularization of functional noncoding RNAs is expected to shield them 

against exonucleases while also promoting correct folding (Jeck et al., 2012). 

 

Finally, the CircRNAs in eukaryotes are produced by back-splicing, back-splicing (a kind of exon 

scrambling) results in circular RNAs when a 5′ splice site is connected to an upstream 3′ splice 

site. In humans, more than 25,000 distinct circRNAs have been discovered (Nisar et al., 2021). 

Basically, circRNA is divided into three types based on the origin of their sequences: exonic 

circRNA (EcRNA), exon-intron circRNA (EIciRNA), and intronic circRNA (ciRNA) (Li et al., 

2020). Most ecircRNAs are made up of back-spliced exons, in which the prim 3′ of the pre-mRNA 

splice donors are chemically attached to prim 5′ splice acceptors in reverse order (Wilusz and 

Sharp, 2013). These mechanisms mostly consist of three models (Fig. 6).  

 

Figure 5: Historical timeline of circRNA research. The circRNA findings relating to biology, 

experimental techniques, and typical bioinformatics tools are marked in blue, green, and red, 

respectively (Chen et al., 2020). 
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In the first mode, a pre-mRNA is spliced, leading the upstream exon's 3′-hydroxyl to covalently 

link to the downstream exon's 5′-phosphate. Simultaneously, the sequence between the exons 

transforms into an RNA lariat with many exons and introns. The 2′-hydroxyl of the 5′-intron 

combines with the 5′-phosphate of the 3′-intron in the RNA lariat, followed by the 3′-hydroxyl of 

the 3′-exon interacting with the 5′-phosphate of the 5′-exon in the RNA lariat. An RNA double 

lariat and a circular RNA are formed as a result. Finally, the circular RNA's introns are deleted, 

yielding an ecircRNA or EIcirRNA.  

 

The second mode was the direct back-splicing circularization. First, the upstream and downstream 

introns are paired, then the upstream intron's 2′-hydroxyl combines with the downstream intron's 

5′-phosphate, followed by the 3′-hydroxyl of the 3′-exon interacting with the 5′-phosphate of the 

5′-exon, as a result, a circular RNA is formed, and finally, the circular RNA's introns are deleted, 

yielding an ecircRNA or EIcirRNA.  

 

The last mode is RNA-binding-protein-driven circularization. Initially, the upstream and 

downstream introns are bound by RNA binding proteins (RBPs). Next, the RBPs establish a bridge 

between the introns by being attracted to one other. Finally, the upstream intron's 2′-hydroxyl 

combines with the downstream intron's 5′-phosphate, followed by the 3′-hydroxyl of the 3′-exon 

interacting with the 5′-phosphate of the 5′-exon. As a result, circular RNA is formed. Finally, the 

circular RNA's introns are deleted, yielding an ecircRNA or EIcirRNA (Wilusz and Sharp, 2013). 

 

 

 

Figure 6: CircRNA biosynthesis models. (A) ciRNA formation by direct back-splicing: (B) 

ecircRNA and ElciRNA formation by direct back-splicing: (C) ecircRNA and ElciRNA 

formation by lariat-driven circularization. (Yang et al., 2017). 

 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

 

Circular intronic RNAs (ciRNAs), excised group I introns, excised group II introns, intron lariats, 

and excised tRNA introns are all circular RNAs that originate from introns (Lasda and Parker, 

2014). The synthesis pathway of this type of circRNA is shown in (Fig. 7). Whereas the circular 

RNA from group I introns starts when the 5′-terminus of the intron is attacked as a nucleophile by 

exogenous guanosine(G), and the 5′-exon is cut off owing to transesterification. The 3′-hydroxyl 

of the free exon then acts as a nucleophile against the 5′-terminus of the 3′-exon, resulting in a 

linear intron. Then, a 2′-hydroxyl at the linear intron's 3′-terminus attacks a phosphodiester bond 

near the 5′-terminus, resulting in an RNA lariat circularized with 2′,5′-phosphodiester and 

releasing the 5′-terminal sequence, while the RNA lariat's 3′ tail is removed. While the circular 

RNA from group II introns takes place when the 3′-exon is released by the RNA precursor. This 

allows the 3′-terminus' 2′-hydroxyl attacks the intron's 5′-terminus, resulting in a circular RNA 

circularized with 2′,5′-phosphodiester. Lastly, RNA circular intron (ciRNA). A spliceosome first 

splices a pre-mRNA, resulting in an RNA lariat circularized with 2′,5′-phosphodiester, and the 

RNA lariat's 3′ tail is deleted (Circular RNAs: Biogenesis and Functions, 2018). 

 

 

  

 

 Figure 7: Intronic circRNAs formation. (a) Group II intron mediated circRNA formation. (b) 

Group I intron supported regular splicing. (c) circle formation by direct nucleophilic attack of G 

onto the 5-splice site. (Petkovic and Müller, 2015). 
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Exon-intron Circular RNAs (circRNAs) are circular RNAs that have both exons and introns 

circularized at the same time. Internal repeat sequences, which are comparable to ecircRNAs, may 

play an essential role in their development (Li et al., 2015). Yuan Gao et al. have discovered 

intergenic circRNAs using CIRI (CircRNA Identifier), a revolutionary circRNA detection 

technique that can detect circRNAs across the genome. It has two intronic circRNA segments 

bordered by GT-AC splicing signals that operate as the circular junction's splice donor and 

acceptor while producing an integrated circRNA (Gao, Wang, and Zhao, 2015). 

Detecting and identification of circRNA. 
 

For a variety of reasons, most circRNAs have remained unidentified until recently. Unlike 

miRNAs and other short RNAs, circRNAs are difficult to distinguish from other RNA species due 

to their size and electrophoretic mobility. Molecular approaches that rely on a polyadenylated free 

RNA end (such as rapid amplification of cDNA ends or poly(A) enrichment of samples for RNA-

seq investigations) cannot detect circRNAs because they lack a free 3′ or 5′ end. Furthermore, a 

“backsplice” which is a critical property of circRNAs, is not unique to circRNAs, and early RNA-

seq mapping methods filtered such sequences out. However, these issues have lately been resolved 

by the development of innovative bioinformatics tools such as exonuclease-based enrichment 

techniques, sequencing with longer reads and better throughput, and sequencing of ribosomal RNA 

(rRNA)-depleted RNA libraries (Fig.8) (Jerk and Sharpless, 2014). 

Currently, available circRNA discovery approaches are all based on identifying back-spliced 

junction (BSJ) reads, and they are separated meanly into annotation-dependent such as MapSplice 

(Wang et al., 2010), CIRCexplorer (Zhang et al., 2014), and KNIFE (Szabo et al., 2016). And 

de novo algorithms such as Find_circ (Memczak et al., 2013), Segemehl (Hoffmann et al., 2014), 

CIRI (Gao, Wang, and Zhao, 2015), and CIRI2 (Gao, Zhang, and Zhao, 2017). These 

approaches are employed not just for investigating circRNA loci directly, but also as the 

framework for more complex investigations. However, there is still an opportunity for 

improvement in present procedures. 

It was noted that the prediction outputs of numerous detection algorithms were considerably 

unique from one another, and that they all had drawbacks in key areas of performance. Low 

sensitivity, low dependability, long duration, high RAM utilization, and/or a sophisticated pipeline 

were some of the drawbacks, which were caused by the intricacies of eukaryotic transcription and 
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splicing, as well as differential expression of circRNAs from diverse origins (Hansen et al., 2015). 

On the other hand, microarrays can play a viable alternative to RNA-seq for circRNA identification 

since they require less bioinformatics knowledge (Chen et al., 2018). 

Arraystar has released the first commercially accessible microarrays for human, mouse, and rat 

circRNAs until this current moment, which depends on this mechanism “Arraystar Circular RNA 

Arrays” (www.arraystar.com, n.d.). Despite the wide range of applications and seq-libraries that 

assist in the detection and identification of circRNA, there are several challenges that arise at the 

interface. Technical artifacts in common RNA-seq techniques can lead to erroneous identification 

of circRNA isoforms. Technical artifacts can be introduced during the ligation and reverse 

transcription processes of RNA-seq library creation, as has been recognized for some time. 

Reverse transcriptase (RT) can cause significant template-switching abnormalities, in which two 

different RNA molecules are linked by RT, causing RNA-seq studies to fail when trying to find 

new RNA isoforms (Yu et al., 2014). These artifacts can contribute to false positives in algorithmic 

prediction; thus, it is critical for algorithms that try to detect circular and linear RNA to assess and 

account for them. 
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In addition, CircRNAs represent a minority of readings in most cell lines, about 1–3% of the total 

mRNA level (Salzman et al., 2013). And although that some main tissue, such as platelets, have 

greater amounts of circRNA expression, most circRNAs are expressed at modest levels (Szabo et 

al., 2016). Only reads aligned at the backsplice junction may be used to identify circRNAs in 

single-end RNA-seq data, since all other reads might have been produced by either a linear or 

circular isoform. Using junctional reads is challenging since reading density in any particular 

window might have large biases that are not yet understood, in addition to lowering sample size 

when compared to linear isoforms (Lahens et al., 2014). Furthermore, because exon boundaries 

include degenerate sequence motifs, a combination of homology and sequencing mistakes might 

result in false-positive alignments (Gao, Wang, and Zhao, 2015).                                                                                                                                 

Systematic "blind spots" can result from biases in algorithms meant to reduce frequent sources of 

false positives, leading to inaccurate conclusions regarding the creation and control of circRNAs 

(Szabo et al., 2016). Gene annotations or canonical U2 (major) splice signals are two common 

ways of reducing false positives (Cheng, Metge, and Dieterich, 2015). Whereas U2 is a highly 

dynamic splicing component that is one of the most often mutated in malignancies (Van der Feltz 

and Hoskins, 2019). 

RNase R, a highly processive 3′–5′ exonuclease that digests virtually all linear RNA with at least 

seven unstructured nucleotides at the 3′ end, is increasingly being used to enrich for circRNAs 

prior to sequencing (Vincent and Deutscher, 2006), as another technique to exclusion the false-

positive result. However, it is unlikely that enhanced enrichment procedures and sequencing 

technology would obviate the need for future algorithm improvement to improve specificity. 

 Figure 8: Different methods for circular RNA analysis. The genome-wide identification and 

quantification of circRNAs are done using RNA-seq and circRNA microarrays. RT- PCR of circRNA at 

the backsplice junction using divergent and full-length primers, followed by Sanger sequencing. verifies 

the expression of a particular circRNA. The quantification of circRNAS may be done using Northern 

blotting. SplintQuant, and NanoString. For in silico investigation of circRNA expression and function, 

several databases and web- tools have been produced. Loss-of-function study for circRNA may be done 

with siRNA/GapmeR for cireRNA silencing, while a gain-of-function analysis can be done with a plasmid 

vector overexpressing the circRNA of interest. CircRNA- associated cellular miRNAs and RNA-binding 

proteins (RBPS) may be studied utilizing antisense oligo-targeting circRNA junctions in circRNA 

pulldown experiments. Finally, fluorescent-tagged probes targeting the backsplice junction of the target 

circRNA can be used to observe circRNAs in cells (Bejugam, Das, and Panda, 2020). 
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Furthermore, several known circRNAs are susceptible to RNase R in certain conditions 

(Westholm et al., 2014). 

Nguyen et al. developed Circall which is a novel new approach for detecting circRNAs that is 

rapid and accurate, in this method, gene annotation is employed to create sequences of all BSJs of 

all probable exonic circRNAs, then used as a reference for reading alignment, based on an ultra-

fast quasi-mapping algorithm, which makes it far faster than alternative procedures (Nguyen et 

al., 2021). Therefore, to reduce the shortcomings of the current methods used in the detection and 

identification of circRNA, the scientific recommendations now to verify that BSJs are 

appropriately annotated, is to use two separate techniques or independent algorithms (Hansen, 

2018). 

Biological Function of circRNA. 

 

 CircRNAs were first assumed to be a result of splicing or "junk transcripts" because of their low 

quantity (Liu et al., 2017). Recent emerging investigations of circRNAs, on the other hand, have 

fundamentally transformed the perspective, suggesting that circRNAs not only have unique 

properties but also play important roles in physiological processes. (Fig.9) (Aufiero et al., 2019). 

Most circRNAs are exported from the nucleus to the cytoplasm shortly after their synthesis, except 

for intron-containing circRNAs (Memczak et al., 2013). The nucleus has been shown to have a 

large number of intronic circRNAs and EIciRNA (Bentley, 2014). This transportation is aided by 

spliceosome RNA helicase and ATP-dependent RNA helicase and is reliant on the length of 

circRNAs (Rinaldi et al., 2016). An online tool called CircInteractome (circRNA interactome) 

was recently created for mapping RNA-binding protein- and miRNA-binding sites on human 

circRNAs, which might be a useful initial step toward identifying and deep thought of the functions 

of any given circRNA (Dudekula et al., 2015). 
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➢ CircRNAs function as miRNA sponges: 

One of the well-known roles of circRNAs is miRNA sponging, in which they can decrease miRNA 

function by attaching to target miRNAs directly or indirectly. For this functional consideration, 

the link between the circRNA interaction site and miRNA, as well as the mRNA target site, is 

critical (Sharma et al., 2021). As linear RNAs, circRNAs include miRNA response regions, 

permitting them to interact with miRNA for adherence to linear RNAs, implying a regulatory role 

in miRNA function and gene expression (Taulli, Loretelli, and Pandolfi, 2013).  

Indeed, the discovery that circRNAs may be targeted by RNA interference suggested that the more 

durable circRNAs would compete with mRNAs for miRNA binding in the cytoplasm, therefore 

regulating gene expression (Jeck et al., 2012). The best-studied circRNA to support this idea is 

ciRS7 (circular RNA sponge for miR7), which is made from the antisense transcript of the 

vertebrate cerebellar degeneration related 1 (CDR1). Over 60 conserved miR7 target sites are 

found in ciRS7, which is predominantly expressed in human and animal brains (Hansen et al., 

2013).  

By sponging distinct microRNAs, CircRNAs have been demonstrated to be implicated in a variety 

of pathogenic diseases. In triple-negative breast cancer, circCD44 has been shown to promote 

carcinogenesis by sponging miR-502-5p, where colocalization of circCD44 and miR-502–5p in 

the cytoplasm was detected in FISH experiments (Fig.10) (Li et al., 2021). In addition, sponging 

miR-145, overexpression of circLRP6 enhanced the progression of atherosclerosis (Hall et al., 

2019). Hsa circ 0010729 has been proven to sponge miR-186 and upregulate HIF-1 to control 

endothelial cell regeneration. Circ CHFR interacts with miR-214-3p to enhance Vascular smooth 

muscle cell (VSMCs) proliferation, migration, and inflammation in response to oxidized low-

density lipoprotein (oxLDL). CircRNAs may have a key role in CVDs through miRNA sponge 

effects, according to this research (Dang, Liu, and Li, 2017; Lu et al., 2021). Generally, the 

majority of circRNAs have been discovered to function as competitive endogenous RNAs 

Figure 9: General functions of circRNA (A) circRNAs as miRNAs sponge, (B) circRNAs as RBP 

sponges, (C) circRNAs mediated regulation of the transcription of the genes, (D) circRNAs 

translated into proteins via some modification, (E) circRNAs act as dynamic scaffolding molecules 

that modulate protein-protein interactions (Tang et al., 2021). 
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(ceRNAs) that influence miRNA activity by binding to miRNA response sites (MREs) (Mitra, 

Pfeifer, and Park, 2018). 

 

 

 

 

➢ CircRNAs Interacts with Proteins: 

Another significant function of circRNAs is to function as protein decoys or antagonists. 

CircRNAs can interact with circRNA binding proteins directly (cRBPs) and control the 

translocation of specific proteins by binding to proteins (Misir, Wu, and Yang, 2022). The mbl 

locus, which contains binding sites for the MBL protein, is the clearest experimentally validated 

evidence of a circRNA protein sponge (Ashwal-Fluss et al., 2014). Other circRNAs, such 

circPABPN1, and circANRIL, interact with a target protein as well. In human cervical cancer 

HeLa cells93, circPABPN1 inhibits the translation of nuclear poly(A) binding protein 1 (PABPN1) 

mRNA by sequestering the RBP Hu- antigen R (HUR). As shown in a previous study where 

overexpressing of CircPABPN1 did not modify HuR levels but suppressed HuR binding to 

PABPN1 mRNA and as shown by Western blot analysis its reduced PABPN1 abundance (Fig. 11) 

(Abdelmohsen et al., 2017). Numerous circRNAs have RBP binding sites which can be employed 

as scaffolds to help two or more proteins interact. 

 

 

 

 

 

Circ- Amotl1 (Zeng et al., 2017) and circ- Foxo3 (Du et al., 2016) serve as protein scaffolding 

that allows enzymes and their inputs to colocalize. circ- Amotl1 directly interacts with both 3-

phosphoinositide-dependent protein kinase 1 (PDK1) and AKT1 (protein kinase B), facilitating 

 

Figur 10: FISH of 

circCD44 and miR-502–5p 

in the MDA-MB-231 cell 

line, scale bar: 20 μm. (Li 

et al., 2021). 

 

Figure 11: 48 h after transfecting HeLa cells with 

pcDNA3 or pCircPABPN1 the levels of 

PABPN1, HuR, and the loading control HSP90 

were assessed by Western blot analysis. 

Following quantification of the bands on Western 

blots (Abdelmohsen et al., 2017).  Ahm
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AKT1 phosphorylation by PDK1; AKT1 is then translocated to the nucleus, where it has been 

demonstrated to play a cardioprotective effect in an animal model (Zeng et al., 2017). 

Furthermore, circRNAs may direct particular proteins to specific cellular regions, as demonstrated 

by circRNA FECR1, which directs TET1 to the promoter region of FLI1, its host gene, resulting 

in a CpG site demethylation and active transcription (Chen et al., 2018). 

➢ CircRNAs as protein translators: 

The majority of circRNAs are found in the cytoplasm, where they serve as miRNA or protein 

decoys, transporters, or scaffolds. Some circRNAs, on the other hand, are kept in the nucleus, 

where they may obstruct transcription or encourage alternative splicing (Kristensen et al., 2017). 

ElciRNAs have been demonstrated to bind with U1 snRNP and connect with RNA pol II, 

promoting the transcription of their parental genes (Li et al., 2015). CircRNAs have been shown 

to serve as translation templates and may encode proteins or peptides important in tumor etiology 

and progression (Zheng et al., 2019). Furthermore, circ-ZNF609 was shown to be linked with the 

ribosome and capable of being translated into a protein, hence influencing myoblast proliferation 

(Legnini et al., 2017). Yang et al. have found that N-methyladensine (m6A) can accelerate the 

beginning of protein translation from circRNAs in human cells (Yang et al., 2017). YTHDF3, an 

m6A recognition protein, connects to the circRNA modification site and activates eIF4G2 and 

other translation initiation factors to induce circRNA translation (Zhang et al., 2018). 

➢ CircRNAs as gene transcriptional regulator:      

Although circRNAs lack effective translation initiation structures, unlike many linear mRNAs 

with a 5' cap and a 3' poly-A tail but can be translated after an internal ribosome entry site (IRES) 

is established (Wesselhoeft, Kowalski and Anderson, 2018). Chen et al. discovered that after 

introducing an IRES into a synthetic circRNA, eukaryotic ribosomes may commence translation, 

indicating that the 5' end of mRNA is not always the entrance point for the ribosomal 40S subunit 

(Chen and Sarnow, 1995). In addition to that, by interacting with the elongation Pol II complex, 

inhibition of ci-ankrd52 and ci-sirt7 cause a considerable decrease in the transcription of their 

parental genes (Zhang et al., 2013). According to Liu et al. ElciRNAs, such as circEIF3J and 

circPAIP2 may bind with U1 small nuclear ribonucleic proteins (snRNPs) through RNA-RNA 

interaction when localized in the nucleus (Lu and Xu, 2016). Then, at the promoters of parental 

genes, the elciRNA-U1 snRNP complexes may interact with the Pol II transcription complex to 
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boost gene expression (Li et al., 2015). Circ2082 binds to RMB3 and informs Dicer where to go 

in the cell. Dicer's cytosolic localization was restored after knocking down circ2082 (Fig.12) 

(Bronisz et al., 2020). Recently, Stoll et al. have demonstrated that the intronic circle ci-Ins2, 

which is found mostly in the nuclei of pancreatic cells, can control insulin production by interacting 

with the TAR DNA-binding protein (TDP-43) (Stoll et al., 2020). 

➢ Other biological functions of circRNAs:  

CircRNAs have been linked to several cancer-related symptoms thus far. CircRNAs generated 

from the tumor suppressor gene Foxo3 have been discovered to enhance cancer cell apoptosis in a 

variety of ways (Du et al., 2016). circFoxo3 has been linked to angiogenesis and cell cycle 

progression inhibition (Yang et al., 2015). CircZNF292, like circFoxo3, has been found to have 

tumor-suppressor characteristics by inhibiting cell cycle progression (Yang et al., 2016). Another 

circRNA that promotes angiogenesis via the vascular endothelial growth factor A 

(VEGFA)/VEGFR2 signaling pathway is circMYLK (Zhong et al., 2022). 

 

Xuan et al. looked at the expression of circRNA in a group of tissues from laryngeal squamous 

cell carcinoma (LSCC). They discovered that two circRNAs, hsa circRNA 100855 and hsa 

circRNA 104912, were up- and down-regulated in cancer tissues, respect, as compared to non-

neoplastic tissues (Xuan et al., 2016). Higher hsa - circRNA 100855 expression and lower hsa - 

circRNA 104912 expression were seen in patients with T3-4 stage, neck nodal metastases, or 

Figure 12: Representative images 

of cultured GSC (n = 3) transfected 

with ASO control or circ2082. DAPI 

staining (blue) and DICER 

immunohistochemistry staining 

(red) analysis were performed. 

(Bronisz et al., 2020). 
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advanced clinical stage (Guo et al., 2019). Numerous additional circRNAs are likely implicated 

in cancer's hallmarks (Fig.13) since many studies have revealed an influence of circRNA 

knockdown or amplification on cancer cell proliferation rates in culture without investigating the 

molecular processes.   

 

 

The Role of CircRNAs in Prostate Cancer. 

                                                                                                                           

CircRNA research has been conducted in most solid cancers. The majority, on the other hand, was 

meant to look at one or more predetermined circRNAs with little chance of discovering new 

circRNA species. CircRNA expression is commonly compared between cancer tissues and 

neighboring noncancerous tissues in most research, and this is generally followed by subsequent 

functional investigations. Most of the research used microarray analysis, followed by RT-qPCR 

confirmation of identified circRNAs in larger cohorts (Kristensen et al., 2017).  

Figure 13: Circular RNAs 

involved in the hallmarks of 

cancer (Kristensen et al., 

2017). 
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Prostate cancer (PCs) is one of the most frequent cancers in men across the world. Circular RNAs 

(circRNAs) have been implicated in the development and progression of several malignancies, and 

they have significant promise as new biomarkers, according to mounting data (Wu et al., 2020). 

The number of circRNAs identified in PC is rising as innovative technology is discovered. 

Furthermore, it is well accepted that androgen deprivation therapy is the most common treatment 

on PC therapeutic measures, with the impact of transition from androgen-dependent to androgen-

independent being incredibly significant. However, as the statistical association between PC and 

circRNAs grows, genetic and epigenetic studies are being developed to investigate the possible 

targets of circRNAs in preventing carcinogenesis (Fig.14). 

 

 

 

Even though the association between circRNAs and PC is well established, the integrated signaling 

pathways and molecular mechanisms of circRNA-modulated gene regulation are yet unknown. By 

functioning as miRNA sponges, circRNAs primarily serve regulatory functions in the pathogenic 

development of PCs. CircRNAs in PCs can potentially bind to proteins and have regulatory 

Figure 14: Schematic diagram for the typical functioning of circRNAs in PCs (Chao et 

al., 2021). 
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functions, according to certain research. It is worth noting that while circRNAs can be translated 

into polypeptides, no evidence of this process has been identified in PCs research. 

According to the competing endogenous RNA (ceRNA) hypothesis, circRNAs can interact with 

mRNA for attaching to miRNAs, favorably influencing miRNA target genes (Hansen et al., 2013). 

circRNAs interacting with miRNAs, on the other hand, have been shown to boost miRNA 

suppression on downstream target genes in a few studies. Wu et al., for example, discovered that 

circRNA17 suppresses ARv7 expression via sponging to miR-181c-5 (Wu et al., 2019). Similarly, 

circHIPK3 in PCs functions as a molecular sponge for miR-193a-3P. circHIPK3 upregulates 

MCL1 expression in PCs via targeting miR-193A-3P's 30 UTR, which normally suppresses it 

(Chen et al., 2019). 

Zheng et al. proved that the interaction of circ KATNAL1 with miR-145-3p has been shown to 

suppress the expression of the downstream target gene WISP1 (Zheng et al., 2020). By interacting 

with RBPs, circRNAs play a critical function in gene expression regulation at the transcriptional 

level. The RNA-binding protein FUS interacts with circ0005276 to enhance XIAP expression, 

which promotes the onset and progression of PCs (Feng et al., 2019).  

In another publication, circAGO2 binds to HuR and suppresses AGO2/miRNA-mediated 

downregulation, boosting carcinogenesis and metastatic spread in PCs (Chen et al., 2019). 

Through bioinformatics analysis, Wu et al. found that hsa-circ 0024353–hsa-miR-940–PDE7B, 

hsa circ 0024353–hsa-miR-1253–DMRT2, and hsa circ 0085494–hsa-miR-330-3p–TGFBR3 are 

three circRNA–miRNA–mRNA interaction axes that may give unique insights into the putative 

processes behind PC's formation (Wu et al., 2020).  

On other hand, Overexpression of circSOBP which is a novel circular RNA detected by Chao et 

al. inhibited PCs migration, invasion, and metastasis in vitro and in vivo, and CircSOBP bound 

miR-141-3p and controlled the MYPT1/p-MLC2 axis in a mechanism. Furthermore, MYPT1 

knockdown abolished the inhibitory impact of circ-SOBP on PCs cell migration and invasion 

(Chao et al., 2021). Hsa circ 0030586 is another circRNA overexpressed in PCs cells and may 

function as a sponge for miR-145-3p, promoting EMT via PI3K-AKT signaling (Luo et al., 2021).  

Yan et al. used RNA-seq to identify EMT-related circRNAs in IFN-g-induced EMT cells and 

discovered that has-circ-0001165 and has-circ-0001085 were EMT-related circRNAs, whereas the 
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epithelial-mesenchymal transition (EMT) is implicated in the spread of malignant tumors, and 

CircRNAs have a role in this process (Yan et al., 2020). Furthermore, in PCs tissues, Han et al. 

discovered a decrease in circSMAD2. Through suppression of miR-9, recovery of circSMAD2 

might reduce the defective EMT process (Han et al., 2019). According to Li et al., circ-0016068 

induced PCs cell EMT through modulating the miR-330-3p/BMI-1 axis (Li et al., 2020).  

The importance of targeting prostate-specific circRNA and finding novel therapeutic targets 

cannot be overstated. Although several studies have described the biological effects of circRNAs 

in prostate cancer, due to a lack of experimental verification, it is unclear whether ones are prostate-

specific. It seems that the discovery of prostate-specific circRNAs will be the focal point of future 

studies. 

➢ CircRNA as Diagnostic and Prognostic Biomarkers: 

PSA has been the standard biomarker for screening, diagnosing, and monitoring PCs since its 

debut in 1987 as a serum tumor marker (Kellokumpu-Lehtinen et al., 1989). The use of PSA, on 

the other hand, was deemed to have a minor advantage in terms of lowering PCs morbidity, but 

with problems such as diagnostic errors and overtreatment. Furthermore, many variables such as 

trauma, inflammation, and age may influence PSA levels (Hu et al., 2015). The gold standard 

approach for confirming the existence of cancer in the prostate is a prostate biopsy, although this 

procedure is invasive and has significant risks, such as infection and bleeding (Borghesi et al., 

2017). CircRNAs have a lot of promise as PCs biomarkers for diagnosis and prognosis. 

To begin with, circRNAs are highly conserved and extensively expressed in a range of organs as 

distinct endogenous non-coding RNAs. Second, circRNA possesses a covalent closed-loop 

structure and is resistant to destruction by RNA exonucleases. Finally, PC-related circRNAs have 

been found in human body fluids such as blood and urine, in addition to physical tissue (Kolling 

et al., 2019; Memczak et al., 2015). Because of their universal expression patterns and unique 

properties such as tissue selectivity, stability, and evolutionary conservation, circRNAs might be 

a suitable biomarker (Xia et al., 2016). Salzman et al. discovered that circRNAs not only make up 

a significant portion of cellular RNA but that they are also expressed differently in different cell 

types (Salzman et al., 2013). The observations of circRNA dysregulation across different forms 

of cancer support this. The presence of circRNA in human physiological fluids such as saliva, 
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blood, and stomach juice add to the evidence that it might be used as a disease biomarker (Bahn 

et al., 2015). 

In prostate cancer, a variety of RNA biomarkers have been studied, however, there is a paucity of 

research explaining the role of circRNA as a biomarker. Kong et al. discovered that 

circSRAMRCA5 (hsa circ 0001445) is up-regulated in four prostate cancer cell lines (LNCAP, 

22RV1, DU145, and PC-3) when compared to a normal prostate cell line (WPMY-1) and in 21 

prostate cancer tissue samples when compared to comparable normal prostate tissue samples 

(Kong et al., 2017). This study also discovered that androgens could impact circSMARCA5 

expression, as circSMARCA5 levels rose in a dose-dependent way in response to 

dihydrotestosterone (DHT) levels (Kong et al., 2017). 

 In comparison to normal prostate cell lines (LNCAP, DU145, PC-3, and PC-3MIE8), Dai et al. 

discovered that circRNA-MYLK (has_circ 0141940) is up-regulated in prostate cancer cell lines 

(LNCAP, DU145, PC-3, and PC-3MIE8) (WPMY-1). In comparison to comparable normal 

prostate tissues, the researchers discovered that circRNA-MYLK is upregulated in 17 prostate 

cancer tissues, the researchers also discovered that up-regulation of circRNA-MYLK served as a 

miRNA sponge, lowering miR29a levels (Dai et al., 2018). Xia et al investigated the link between 

circ_0062019, circ_ 0075538 expressions, and aggressive cancer. They used a Receiver Operating 

Characteristic (ROC) curve to assess the diagnostic effectiveness of differential circRNAs in 

differentiating between prostate cancer and Benign prostatic hyperplasia (BPH) tissues (Fig.15), 

indicating that the two circRNAs may be linked to prostate cancer progression. Circ_0057558 was 

also found to be strongly connected with total cholesterol, suggesting that it may be linked to lipid 

metabolism in prostate cancer patients (Xia et al., 2018). 

As had been proven that membrane fluidity, cell development, and resistance to chemotherapeutic 

drugs can all be affected by changes in lipid content, and PCs are hormone-dependent cancer in 

which cancer cells primarily rely on lipid oxidation for development (Deep and Schlaepfer, 

2016). Ahm
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ROC curves were used to evaluate the diagnostic efficacy of differential circRNAs in 

differentiating between prostate cancer and BPH samples. The area under the curve (AUC) of circ 

0062019, circ 0057558 and SLC19A1 were 0.828, 0.729 and 0.891, respectively (Fig. 12A-C). 

But even though PSA is the main clinical marker for early diagnostic testing of prostate cancer, 

the AUC of two differential circRNAs combined seems to be much better (0.861, Fig. 12D) than 

PSA alone (which AUC of serum PSA was 0.854), demonstrating that different levels of these two 

circRNAs could help distinguish PCs patients from non-PCs patients and combing them could 

improve diagnostic efficiency. They looked at the PSA level in conjunction with the results of the 

two distinct circRNAs. The AUC was 0.938, the sensitivity was 84.5 percent, and the specificity 

was 90.9 percent, according to the findings (Fig. 12E). The AUC increased to 0.952 when the 

circRNAs, PSA, and SLC19A1 were combined (Fig. 12F) (Xia et al., 2018). 

 

In addition, as shown in (Fig.16) Song et al.  identify three circRNAs, including has_ 

circ_0001633, has_circ_0001206, and has_circ_0009061, from five pairs of PCs and 

paraneoplastic tissue samples, with AUCs of 0.809, 0.774, and 0.711, respectively (Song et al., 

2019).  

 

 

Figure 15: The expression levels of differential circRNAs are shown by a ROC curve. circ 

0062019 and circ 0057558: (A, B) and the host gene SLC19A1 (C) in PCs patients and BPH 

controls; the 2 circRNAs combination (D), the 2 circRNAs and PSA combination (E), the 2 

circRNAs, PSA, and SLC19A1 combination (F); the 2 circRNAs, PSA, and SLC19A1 

combination (G); the 2 circRNAs, PSA (F). Univariate (log-rank) analysis was used to examine 

the ROC curves (Xia et al., 2018). 
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Furthermore, exosome-derived circ 0044516 is expressed in PCs tissues and patients' blood (Li et 

al., 2020), and circZMIZ1 expression in PCs patients' plasma is greater than that in matched BPH 

patients' plasma (Jiang et al., 2020), suggesting that both are potential diagnostic indicators. In PCs 

cell lines and tissues, circITCH expression is dramatically decreased, and the low level of 

circITCH expression is strongly linked to preoperative PSA levels, in specimens from 342 patients 

having radical prostatectomy, circITCH had an excellent AUC of 0.812 (95 percent CI: 0.780–

0.845) for discriminating tumor tissues from surrounding tissues (Huang, Chen, and Yuan, 

2019). 

A technique of diagnosis that combines circRNAs and linear transcription studies is also available. 

To verify this, the ArrayStar microarray was used to select six circRNAs whose host genes play 

important roles in PCs and two circRNAs previously reported in previous studies from six pairs of 

PCs tissue and matched normal samples for diagnostic efficiency analysis to distinguish adjacent 

normal (n = 79) and malignant (n = 115) tissue samples from PCs specimens. The AUC of 

circATXN10 coupled with linSTIL was 0.892, which was higher than the AUCs of circRNA and 

linear transcription alone (Fig17) (Rochow et al., 2020).  

 

 

 

 

 

 

  

Figure 16: ROC curves for 

hsa_circ_0001633, hsa_circ_0001206, and 

hsa_circ_0009061. (Song et al., 2019) 

 

Figure 17: ROC curve and decision 

curve analyses of circATXN10 and 

linSTIL as individual markers and in 

combination for discrimination between 

adjacent normal and malignant tissue 

samples (Rochow et al., 2020).  
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ROC curve and other approaches investigations by Hansen et al. revealed that four circRNAs 

(circABCC4, circFAT3, circATRNL1, and circITGA7) had AUCs over 0.7, indicating that they 

might be used to diagnose PC (Hansen et al., 2022). They also created and validated a unique 5-

circRNA prognosis signature for PC (circKMD1A, circTULP4, circZNF532, circSUMF1, and 

circMKLN1), which is the first report of a prognostic circRNA signature for PC that has 

considerable independent predictive value in different PC patient populations. This 5-circRNA 

signal, according to Hansen et al., might possibly help in the identification of individuals who 

would benefit from more intensive treatment, such as radiation and androgen restriction therapy 

(ADT) (Hansen et al., 2022). Indeed, to determine if circRNAs can be used as biomarkers in the 

clinic, a substantial number of clinical samples, such as plasma and urine, will be required for 

practicability testing, and that is what represents a major disadvantage facing this kind of study 

due to the small amount of circRNA contained in biological samples. 

➢ CircRNAs as a regulator for PCs progression: 

Although circRNAs play critical roles in cancer formation, their activities in prostate cancer have 

yet to be extensively explored (Huang et al., 2019). However, studies and research are continuing 

until this moment, revealing the important role that circRNA plays in PCs. The 

phosphatidylinositol 3-kinase (PI3K)/Akt pathway is typically active in PCs, and it promotes 

tumorigenesis, propagation, and invasion (Blattner et al., 2017). The phosphatidylinositol kinase-

related kinase mammalian target of rapamycin (mTOR) kinase plays an important role in PI3K/Akt 

pathway activation by constructing mTOR-complex 1 (mTORC1) and mTOR-complex 2 

(mTORC2) in PCs (Zoncu, Efeyan and Sabatini, 2010).  

In the work of Shi et al., they revealed that the circRNA circMBOAT2 (has_circ_0007334) was 

overexpressed in human PCs tissues, and that overexpression of has_circ_0007334 was linked to 

a poor prognosis in PCs patients. Has_circ_0007334 increased PCs proliferation and metastasis by 

sponging miR-1271-5p, which upregulated mTOR expression and activated the PI3K/Akt 

signaling pathway further (Shi et al., 2020). Furthermore, the fundamental component of the 

microRNA (miRNA)-induced silencing complex, Argonaute 2 (AGO2), plays an important role 

in carcinogenesis and aggressiveness including PCs (YOO et al., 2010).  
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Chen et al. identify circAGO2, a new regulator of AGO2-miRNA interactions and tumorigenesis, 

as an intronic circular RNA (circRNA) produced from the AGO2 gene. CircAGO2 stimulates the 

proliferation, invasion, and metastasis of cancer cells in vitro and in vivo, and it is upregulated in 

prostate cancer. CircAGO2 physically interacts with the human antigen R (HuR) protein to 

facilitate its activation and enrichment on the 3'-untranslated region of target genes, resulting in 

reduced AGO2 binding and repression of AGO2/miRNA-mediated gene silencing linked to cancer 

progression (Chen et al., 2019). However, the link between circABCC4 and cancer in humans is 

mostly unclear.  

The biological activities of circABCC4 in prostate cancer progression were examined by Huang 

et al., and the fundamental process was shown. They discovered that circABCC4 was significantly 

up-regulated in prostate cancer tissues and cell lines, and that sponging miR-1182 in prostate 

cancer cells enhanced FOXP4 expression. CircABCC4 knockdown, on the other hand, 

significantly reduced prostate cancer cell proliferation, cell-cycle progression, migration, and 

invasion in vitro. In addition, silencing the circRNA inhibited tumor development in vivo (Huang 

et al., 2019). These findings suggest that circABCC4 promotes FOXP4 expression by sponging of 

miR-1182, which aids the malignant behavior of prostate cancer. (Fig.18) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 18: Eexpression of circABCC4 in prostate cancer tissues. (A) according to a microarray 

dataset, heatmap of differentially expressed circRNAs in pairs of prostate cancer and neighbouring 

normal tissues. (B) qRT-PCR was used to evaluate the relative expression of circABCC4 in 47 pairs 

of prostate cancer and surrounding normal tissues. (C) qRT-PCR analysis of circABCC4 expression 

patterns in prostate cancer cell lines. (D) Kaplan–Meier survival study of prostate cancer tissues 

based on circABCC4 expression. *P <0.05 is a significant difference (Huang et al., 2019).  
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The apoptosis protein (XIAP) is an important regulator in human malignancies. Feng et al. 

discovered that XIAP is a host gene for circRNA0005276 via bioinformatics research. XIAP and 

circ_0005276 were found to be upregulated in PCs tissues and cell lines. They also confirmed that 

circ_0005276 had a beneficial effect on XIAP expression. They found that circ0005276 and XIAP 

increased cell proliferation, migration, and the epithelial-mesenchymal transition functionally. 

They proved that circ0005276 interacts with FUS binding protein (FUS) to stimulate XIAP 

transcription on a molecular level (Feng et al., 2019).  

Circ102004 is found on the minus strand of chromosome 17 and is linked to the well-known 

oncogene USP22, which is elevated in a variety of cancers (Piao et al., 2012). In Si-Tu et al. study 

the expression of circ-102004 in PCs samples was found to be considerably greater than in 

comparable normal tissues. Circ-102004 has been found to serve an oncogenic effect in PCs by 

increasing cancer cell motility and invasion in functional studies. Circ-102004 overexpression was 

also associated with substantial changes in several signaling pathways, including ERK, JNK, and 

Hedgehog, all of which have been linked to prostate cancer (Si-Tu et al., 2019). 

 Another study by Kong et al, found that circSMARCA5 which is androgen-induced circRNA, is 

upregulated when compared to matched normal tissues, it is increased in 5 prostate cancer cell 

lines and 21 associated prostate cancer tissue samples (Kong et al., 2017). Moreover, the 

expression of circRNA-MYLK (has_circ_0141940) was considerably elevated in PCs tissues and 

cells using miR-29a as a target. PC cell proliferation, colony formation, invasiveness, migration, 

and wound healing capacity were all increased by upregulated circRNA-MYLK, whereas 

circRNA-MYLK significantly decreased the abovementioned viabilities of PCs cells. 

Upregulation of circRNA-MYLK, on the other hand, significantly reduced PCs cell apoptosis, 

whereas knockdown of circRNA-MYLK enhanced PCs cell apoptosis (Dai et al., 2018).  

Several studies have revealed that miR-206 is a negative regulator in the development of human 

cancers, including prostate cancer (Yan et al., 2009; Chen et al., 2015). Prostate cancer cell 

growth was also shown to be inhibited by miR-206. Lower miR-206 expression by inhibitors 

restored to function after circ_0057558 knockdown, but higher miR-206 production by mimics 

restored function after circ_0057558 overexpression. Circ_0057558 regulates cell cycle 

progression in prostate cancer cells via miR-206, according to these findings (Ding et al., 2021). 
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➢ CircRNAs as PCs oncogenic: 

Circular RNA (circRNA) expression abnormalities are strongly associated with cancer 

development. As an interesting point, cyclin D1 regulates cyclin-dependent kinase CDK4 and 

CDK6 and is involved in the transition from the G1 to the S phase of the cell cycle.  If the 

expression of cyclin D1 is dysregulated, that leads to uncontrolled cell proliferation and the 

development of human malignancies (Montalto and De Amicis, 2020).  

Yang et al. discovered that circDPP4, a circRNA generated from the DPP4 gene, had dramatically 

elevated expression in both clinical PCs tissues and PCs cell lines, indicating an oncogenic impact. 

In vitro gain/loss-of-function investigations revealed that circDPP4 overexpression enhanced PCs 

cell proliferation, migration, and invasion by sponging miR-195 (Fig.19), whereas circDPP4 

knockdown decreased PCs cell proliferation, migration, and invasion (Yang et al., 2021). 

circDPP4 knockdown also inhibited the production of cyclin D1, a well-known oncogene 

implicated in cell cycle progression, which lowered PCs cell cycle progression (Diehl, 2002). 

 

 

 

 

 

 

 

                                                                                                                                                            

Ren et al. also discovered that circ 0062019 aided PCs cell malignancy by trapping or sponging 

miR-1253. MiR-1253, on the other hand, slowed PCs cell growth by modulating NRBP1. In vivo, 

suppressing circ 0062019 inhibited tumor development. As a general foundation for their research, 

Circ 0062019 speeds up PCs development by regulating the miR-1253/NRBP1 pathway (Ren et 

al., 2021). 

 

Figure 19: CircDPP4/miR-

195/cyclin D1 axis in 

regulating proliferation, 

migration, and invasion of PCs 

cells. (Yang et al., 2021) 
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 On other hand, similar research conducted by Ren et al. Ding and his team prove that sponging 

miR-411-5p, circ 0076305 can promote the growth of prostate cancer. They found a link between 

miR-411-5p and phosphoglycerate kinase 1 (PGK1), and it is known that miR-411-5p directly 

targeted PGK1 (He et al., 2020). The researchers concluded their findings by stating that circ 

0076305 acted as a new oncogene that promoted PCs development via the miR-411-5p/PGK1 axis 

(Ding, Sun, and Zhang, 2022). 

Moreover, In the diagnosis and therapy of prostate cancer, the androgen receptor (AR) signaling 

pathway is very important and critical (Visakorpi et al., 1995). The possible involvement of 

androgen-responsive circRNAs in prostate cancer, on the other hand, is unknown. According to 

Kong et al., there are 3237 androgen-responsive circRNAs. CircNFIA was highly overexpressed 

in the plasma samples of prostate cancer patients because of all this circ RNA. These findings 

imply that circNFIA may have a role in prostate cancer development. The CCK-8 experiment 

revealed that knocking down circNFIA dramatically reduced cell proliferation in prostate cancer, 

increasing the proportion of cells in the G1 phase and decreasing the number of cells in the S phase 

to stop cell cycle progression. They concluded that circNFIA may play an oncogenic effect in 

prostate cancer when used combined (Kong et al., 2021). 

 Circular RNA low-density lipoprotein receptor-related protein 6 (circLRP6) is an oncogene that 

has been linked to a variety of malignancies (Xue et al., 2017). The function and processes of 

circLRP6 in prostate cancer (PCs) carcinogenesis, on the other hand, are mainly unknown. Qin et 

al. investigations revealed that circLRP6 may compete with miR-330-5p to prevent the degradation 

of its target gene NRBP1, while miR-330-5p inhibition reversed circLRP6 knockdowns inhibitory 

effects on PCs cell growth and metastasis. Furthermore, overexpression of miR-330-5p via NRBP1 

inhibited PCs development. The findings showed that circLRP6 increased PCs carcinogenesis and 

metastasis via the miR-330-5p/NRBP1 axis, implying that circLRP6 might be a viable PCs 

treatment target (Qin et al., 2021). 

Another study found that circ 0044516 downregulate miR-29a-3p expression and was negatively 

related to miR-29a-3p expression levels in prostate cancer, indicating that circ 0044516 was 

involved in prostate cancer cell survival and metastasis, implying that circ 0044516 may play an 

oncogenic role in prostate cancer (Li, Sun and Chen, 2019).  
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CircFOXO3, also known as Hsa circ 0006404 is generated from exon 2 of the (FOXO3) gene, and 

its expression is aberrant in a variety of disorders. Kong et al. discovered that Both PCs tissues and 

serum samples showed an increase in circFOXO3. In vitro, knocking down circFOXO3 inhibited 

PCs cell cycle, and proliferation, and promoted cell death. They also showed that circFOXO3 can 

function as a miR-29a-3p sponge to increase SLC25A15 expression. In PCs, SLC25A15 might 

counteract the tumor-suppressing effects of circFOXO3 knockdown. They discovered that miR-

29a-3p was down-regulated in PCs samples, but that SLC25A15 was overexpressed as compared 

to normal tissues. Finally, by transcriptional up-regulation of SLC25A15, circFOXO3 works as a 

miR-29a-3p sponge to demonstrate carcinogenic activity that alters the cell cycle and cell death in 

PCs (Kong et al., 2019). 

➢ CircRNA as proliferation promoter of PCs cells: 

CircRNAs can interact with proteins, according to several studies (Du et al., 2017). Wang et al. 

team found circPFKP, a new PCs-related circRNA generated from the Phosphofructokinase, 

Platelet (PFKP) gene (hsa circ 0006608), was discovered. They then investigated the role of 

circPFKP in PCs growth and the molecular mechanisms that underpin it. The findings imply that 

circPFKP increases PCs cell proliferation via interacting with and boosting the enzymatic activity 

of inosine monophosphate dehydrogenase 2 (IMPDH2) specifically by the cystathionine b-

synthase (CBS) domains (Wang et al., 2022). 

MiR-515-5p has been shown to inhibit cancer cell migration by targeting the MARK4 signaling 

pathway (Pardo et al., 2016). In addition to that, YES1(YES Proto-Oncogene 1, Family Tyrosine 

Kinase) was directly targeted by miR-515-5p and had an inverse correlation with it (Garmendia 

et al., 2019). In prostate cancer, YES1 expression was shown to be considerably increased (Chen, 

Cao, and Feng, 2017). In recent research by Zhang et al. they were able to prove that circ 0057553 

was upregulated considerably in PCs tissues and cells, and circ 0057553 bound to miR-515-5p, 

which targeted YES1 directly. Surprisingly, circ 0057553 knockdown was partially recovered by 

miR-515-5p inhibitor, although miR-515-5p overexpression was restored by YES1. In vitro, the 

circ 0057553/miR-515-5p/YES1 axis-controlled cell survival, proliferation, invasion, and 

glycolysis. Furthermore, tumor development was seen in vivo (Zhang et al., 2020). 

Circ 0057558 expression was shown to be higher in prostate cancer tissues and cell lines in a recent 

study (Xia et al., 2018). CircRNAs may absorb miRNAs, lowering the control of miRNAs on their 
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target genes, according to accumulating research (Qu et al., 2015). Ding et al. found by using 

RNA pull-down analysis that in 22RV1 cells, the circ 0057558 probe only pulled down hsa-miR-

206, which has nine paired nucleotides with circ 0057558 (Fig.20). 

 

 

 

Furthermore, in comparison to surrounding non-cancerous tissue, prostate cancer tissues had 

considerably higher circ 0057558 expressions and significantly lower miR-206 expression. 

Moreover, the expression of miR-206 in prostate cancer tissues was shown to be adversely linked 

with the expression of circ 0057558. circ 0057558 was shown to target miR-126, according to the 

Ding et al. data. On the other hand, they observed that miR-206 inhibitors restored circ 0057558 

functions while miR-206 mimics restored circ 0057558 overexpression. USP33, which operates in 

breast, lung, and colon cancer cells, was chosen as a probable target gene of miR-206 as suggested 

by miRDB. In 22RV1 cells, miR-206 mimics decreased USP33 mRNA expression, whereas miR-

206 inhibitors had the opposite impact (Yuasa-Kawada et al., 2009).   

The expression of USP33 mRNA in prostate cancer tissues had a negative connection with miR-

206 and a positive association with circ 0057558. USP33 was discovered to be a direct target gene 

of miR-206 in prostate cancer (Ding et al., 2021). The results of Ding et al. showed also that 

Figure 20: circ_0057558 

interaction with miR-206. (A) 

The putative binding sites of 

miR-206 and circ_0057558. 

(B) qRT-PCR analysis of the 

expression of candidate 

miRNAs in 22RV1 cells after 

biotin pull-down assay. (C, D) 

Expression of circ_0057558 

and miR-206 in prostate 

cancer tissue and adjacent 

non-tumor tissue. (E) Pearson 

r analysis showed the 

correlation between the 

expression of circ_0057558 

and miR-206 in prostate 

cancer tissues (Ding et al., 

2021). 
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circ_0057558 knockdown reduces c-Myc protein expression and the suppression of USP33 

resulted in a significant increase in c-Myc ubiquitination. All to gather, circ_0057558 by sponging 

miR-206 gives a push to cell proliferation and cell cycle control in prostate cancer cell lines and 

positively regulates the transcription of the miR-206 target gene USP33 (Ding et al., 2021). 

Circ-102004 expression was discovered to be considerably greater in PCs samples than in 

matching normal tissues in research by Si-Tu et al. Circ-102004 is found to play a role in PCs 

proliferation by increasing cancer cell invasion in the model systems. Circ-102004 overexpression 

was also associated with substantial changes in several signaling pathways, including ERK, JNK, 

and Hedgehog, all of which have been linked to cancer (Si-Tu et al., 2019). 

They discovered that XIAP is a host gene for circRNA0005276 using bioinformatics investigation. 

XIAP (X-linked inhibitor of apoptosis protein) and circ0005276 were found to be upregulated in 

PCs tissues and cell lines. They also confirmed that circ0005276 had a beneficial effect on XIAP 

expression. They confirmed that circ0005276 and XIAP increased cell proliferation and migration 

on a functional level. They proved that circ0005276 interacts with FUS binding protein (FUS) to 

stimulate XIAP transcription on a molecular level. To evaluate the critical involvement of XIAP 

in circ0005276 and FUS-mediated PCs cellular activities, rescue tests were performed. The 

findings highlighted the mechanism and role of circ0005276 and its host gene XIAP in PCs 

development and proliferation (Feng et al., 2019). 

➢ CircRNA as a tumor suppressor and metastasis inhibitor in PCs: 

The mechanism of action of circ-ITCH in prostate cancer growth and development is currently 

being researched. To address these difficulties, Wang et al. set out to investigate the influence of 

the circ-ITCH gene on prostate cancer apoptosis and proliferation by identifying circ-ITCH 

expression in PC cell lines and tissues, as well as evaluate the functional role of circ-ITCH in 

regulating apoptosis and proliferation. Also, the rise in protein and mRNA expression yields of 

HOXB13 caused by circITCH overexpression was reversed by miR-17-5p overexpression, 

according to this study. Furthermore, in prostate cancer tissues, circITCH expression was 

favorably linked with HOXB13 expression. In prostate cancer, it was discovered that circITCH 

increased the expression of the tumor suppressor HOXB13 by serving as a sponge for miR-17-5p 

(Wang et al., 2019). 
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Zhang et al. in recent research were working on circ-0081234 and its effects on the PCs cells, they 

discovered that the levels of Circ-0081234 were higher in PCs tissues with spinal metastasis (SM) 

than in primary PCs tissues without SM. PCs cells migrated, invaded, and promoted epithelial-

mesenchymal transition (EMT) with the help of circ-0081234. Circ 0081234 knockdown inhibited 

PCs cell development by controlling miR-1. Interestingly, overexpression of miR-1 inhibited PCs 

cell growth via inhibiting MAP 3K1. Additionally, circ -0081234 enhanced the amount of MAP 

3K1 by sponging miR-1. In vivo, circ-0081234 depletion suppressed tumor development (Zhang 

et al., 2021).  

A circRNA called circ-0007494 was recently discovered to be under-expressed in PCs tissues 

(Yang et al., 2018). Zhang et al. discovered that miR-616 mimics reduced the relative luciferase 

activity of the PTEN-Wt group (known as “mutations," of the PTEN gene on chromosome 10) by 

looking at the Luciferase activity. Moreover, in PCs cell lines and tissues, circ-0007494 was 

inhibited. Overexpression of circ-0007494 reduced cell proliferation and invasiveness in vitro and 

stopped tumor development in vivo. circ-0007494 acted as a "molecular sponge" for miR-616, 

upregulating PTEN, which is miR-616's target. PTEN knockdown also prevented the tumor-

suppressing effects of circ-0007494 overexpression on PCs development in rescue tests (Fig.21). 

This research suggests that has-circ 0007494 inhibits PCs by establishing a negative regulatory 

network that includes circ-0007494, miR-616, and PTEN (Zhang et al., 2020). 

 

 

 

 

Figure 21: Hsa_circ_0007494/miR-616/PTEN axis in PCs. (A) MiR-616 mimics reversed 

the impact of hsa_circ_0007494 upregulation on PTEN expression. (B, C) The 

hsa_circ_0007494 level in PCs tissues was negatively linked to miR-616 levels and 

positively correlated with PTEN expression (Zhang et al., 2020). 
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According to Xie et al., circSMARCA5 was considerably downregulated in primary and metastatic 

prostate cancer tissues when compared to normal controls. circSMARCA5 had a suppressive 

impact on prostate cancer cells' metastasis and proliferation. circSMARCA5 may influence tissue 

inhibitor of metalloproteinases 3 (TIMP3) expression at the molecular level via interactions with 

miR-181b-5p or miR-17-3p. Furthermore, lysine acetyltransferase 5 (KAT5) modulated the miR-

181b-5p-TIMP3 and miR-17-3p-TIMP3 axis and increased circSMARCA5 biogenesis. These 

findings showed that targeting the circSMARCA5-miR-181b-5p-TIMP3 and circSMARCA5-

miR-17-3p-TIMP3 axis might be a potential method for tumor suppression and PC metastasis 

inhibition (Xie et al., 2021). 

Eukaryotic initiation factor 4A-III (EIF4A3) is a kind of protein that is encoded by the EIF4A3 

gene in humans (CHAN, 2004). EIF4A3 was identified by Mao et al. and proven as the 

downstream binding protein of circ_0004296. EIF4A3 expression was shown to be considerably 

elevated in PCs tissues and was linked to the spread of cancer (Ummanni et al., 2011). Circ 

0004296 expression was reduced in PCs tissues, blood, and urine, which was related to metastasis 

in a negative way. Furthermore, in vitro and in vivo gain and loss of function tests revealed that 

circ 0004296 suppressed PCs cell proliferation, migration, invasion, and epithelial-mesenchymal 

transition. Circ 0004296 modulated the expression of the host gene ETS1 at the post-

transcriptional level (Mao et al., 2021). In another meaning, Circ 0004296 overexpression 

effectively prevented ETS1 mRNA nuclear export by enhancing EIF4A3 nuclear retention, 

resulting in ETS1 expression downregulation and PCs metastatic reduction. 

CircSLC8A1 is a circular RNA produced by the SLC8A1 gene, had been proved his role in bladder 

cancer (Lu et al., 2019), lung cancer (Yong et al., 2021), and cardiac diseases (Tian et al., 2021). 

The role of circSLC8A1 in prostate cancer PCs is still under study. Here, Wang et al. team went 

in deep and found a common relation between circSLC8A1 and PCs. CircSLC8A1 was shown to 

be downregulated in PCs tissues and cells, according to the Wang et al. findings. Cell proliferation 

and migration were both inhibited when circSLC8A1 was reduced. Furthermore, circSLC8A1 

interacted directly with miR-21 and acted as a miRNA sponge to halt PCs growth. The 

circSLC8A1/miR-21 axis regulates cell proliferation, migration, MAPK signaling, and chemokine 

signaling, according to their functional study. Inconclusions. CircSLC8A1 inhibited tumorigenesis 

through regulating and sponging miR-21 (Wang et al., 2021). 
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The role of exosomal circHIPK3 in vivo was investigated using a xenograft tumor experiment. 

Tang et al. found that exosomal circHIPK3 was shown to be higher in PCs patients' serum. In 

addition to that, exosomal circHIPK3 depletion or overexpression of exosomal miR-212 increased 

cell death in PCs cells, which was inhibited by miR-212 suppression or BMI-1 (Polycomb complex 

protein), respectively. BMI-1 was a target of MiR-212, which suppressed its expression. In vivo, 

exosomal circHIPK3 knockdown also inhibited tumor development. By modulating the miR-

212/BMI-1 axis, exosomal circHIPK3 knockdown prevented PCs development (Tang et al., 

2021). 

Each of the previous circRNAs and others represents a potential therapeutic key for prostate cancer 

and its complications, and it is clear that more studies and research are required in this regard. 

➢ Role of circRNA in PCs drug resistance: 

CircRNAs have been shown to have an important role in cancer biology in several studies. 

CircRNAs control tumor behavior traits including proliferation and migration by a variety of 

molecular processes including miRNA sponging, transcriptional regulation, and protein 

interaction. Several studies have recently revealed that they are also heavily engaged in anticancer 

treatment resistance, starting from traditional treatments (chemotherapy) to immunotherapeutic 

drugs (Guarnerio et al., 2016). Resistance can arise through a variety of pathways, including 

androgen receptor (AR) copy number expansion, splice variants like AR-V7, and mutations in the 

AR's ligand-binding domain (LBD) (Fig. 22). 

 

 

 

 

 

 

 

 

Figure 22: Schematic 

presentation of noncoding 

RNAs (include circRNAs) 

which participate in drug 

resistance of prostate cancer 
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Androgen deprivation treatment (ADT) that targets androgens/androgen receptor (AR) signals 

may inhibit prostate cancer cell growth (Asangani et al., 2014). Targeting androgens/AR using 

the antiandrogen Enzalutamide (Enz) or AR-shRNAs increased PCs cell invasion (Qin et al., 

2014). As a result of variable endogenous AR transcription, inhibiting androgens/AR signals might 

result in differential modifications of selective circular RNAs (Lin et al., 2020). Negative 

autoregulation in PCs likely contributes to this prostate tumor outcome, because of differential AR 

binding to various androgen-response elements (AREs) and discriminating histone H3K4 

methylation. Deng et al. made more investigations to reveal that the AR-encoded circRNA-ARC1 

may sponge the availability of the miR-125b-2-3p and/or miR-4736, so influencing the metastasis-

related PPARγ/MMP-9 signals and thereby altering PCs cell invasion (Deng et al., 2021). 

Furthermore, the preclinical study of Deng et al. shows that Enz treatment can increase PCs 

metastasis, which can be suppressed after the knockdown of circRNA-ARC1 with sh-circRNA-

ARC1. In another word, working on AR/circRNA-ARC1/miR-125b-2-3p and/or miR-

4736/PPARγ/MMP-9 pathways might aid in the development of novel therapeutics for Enz-altered 

PCs malignancy. (Deng et al., 2021). 

AR-V7 expression has been linked to enzalutamide resistance. AR-V7 is a shortened version of 

the AR that lacks the ligand-binding domain (Antonarakis et al., 2014; Sun and Abdollah, 

2015). Wu et al. looked at the expression of 21 circRNAs that might possibly bind to miRNAs that 

affect AR-V7, and they discovered that circRNA17 (hsa circ 0001427) could bind to miR-181c-

5p, affecting ARv7 activity and thereby PCs cell Enz-resistance (Wu et al., 2019). circRNA17 

upregulates miR-181c-5p via preserving its stability, rather than functioning as a sponge. MiR-

181c-5p binds to AR-3′-UTR V7's and suppresses its expression. Enzalutamide resistance is 

altered via the circRNA17/miR-181c-5p/AR-v7 signaling axis (Wu et al., 2019). 

Xiang et al. found that circUCK2 can alter PCs cells' ability to proliferate and invade. Cell 

proliferation and invasion are accelerated when circUCK2 is knocked down, whereas cell 

proliferation and invasion are reduced when circUCK2 is overexpressed. On the other hand, 

circUCK2 can sponge the miR-767-5p to stop EnzR-C4-2 cells from proliferating and invading, 

they found also that miR-767-5p can interact with the 3’-UTR of TET1(Tet Methyl cytosine 

Dioxygenase 1, a Protein Coding gene). When circUCK2 was overexpressed, TET1 was likewise 

elevated. Furthermore, cutting down TET1 in EnzR-C4-2 cells reversed cell invasion, given that, 
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circUCK2 reduces cell proliferation and invasion via raising TET1 levels. The in vivo findings 

revealed that increased circUCK2 expression suppresses EnzR-C4-2 cell proliferation (Xiang et 

al., 2019). 

Docetaxel (DTX) is a chemotherapy medication used to treat several types of cancers including 

prostate cancer. Circ-Foxo3 decreased prostate cancer cell growth and docetaxel resistance, which 

was linked to circ-Foxo3 suppression of Foxo3 and EMT (Mesenchymal-Epithelial Transition) 

according to a recent study by Shen et al. Moreover, silencing circFoxo3 expression increased 

prostate cancer cell survival, invasion, and docetaxel resistance, as well as the beneficial effects of 

androgen on prostate cancer viability. Circ-foxo3 releases increased chemosensitivity to docetaxel 

in prostate tumor-bearing mice, but siRNA decreases increased chemoresistance to docetaxel. By 

targeting Foxo3/Foxo3/EMT pathway it might be a useful tool for finding a possible prostate 

cancer prognosis and treatment approaches (Shen et al., 2020). 

In contrast to circ-Foxo3, PCs’s resistance to DTX was aided by Circular RNA hsa_circ_0000735. 

It was upregulated in DTX-resistant PCs tissues and cells (Fig.23a) hsa_circ_0000735 works as a 

sponge for MiRNA-7-5p (miR-7). Mir-7 promote sensitivity to DTX where the expression of miR-

7 in DTX-resistant PCs tissues was lower than DTX-sensitive PCs tissues and adjacent normal 

tissues (Fig.23b). Subsequently, Inhibition of hsa_circ_0000735 enhance PCs sensitivity to DTX 

and prevented DTX-resistant PCs cells from becoming malignant and further inhibited tumor 

growth. (Fig.23c) (Gao et al., 2020). This indicate that hsa_circ_0000735 could serve as a 

biomarker and therapeutic target for PCs. 

 

 

  

Figure 23: (a) the expression levels of hsa_circ_0000735 in 23 DTX-sensitive PCs tissues, 27 DTX-

resistant PCs tissues, and 50 adjacent normal tissues. (b) the expression of miR-7 in 23 DTX-sensitive 

PCs tissues, 27 DTX-resistant PCs tissues, and 50 adjacent normal tissues. (c) Tumor volume of mice 

in sh-NC + PBS (matching control treated with PBS), sh-NC + DTX (matching control treated with 

DTX), and sh-circ + DTX (stable hsa_circ_0000735 knockdown treated DTX) groups. (Gao et al., 

2020).  
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DISCUSSION 
 

Because of their abundance, stability, and disease-specific action, CircRNAs have been discovered 

as possible biomarkers in cancer (Dong et al., 2017). Bioinformatics problems have made 

circRNA identification difficult, but the development of new detection procedures and statistical 

tools has assisted circRNA research, particularly in terms of lowering false-positive detection rates 

(Szabo and Salzman, 2016). A number of circRNAs have been discovered in PCs and have been 

suggested as possible biomarkers (Tucker et al., 2020). 

There is evidence that circRNAs affect miRNA function by competing for a pool of miRNA 

binding sites, hence influencing miRNA activity in gene regulation (Hansen et al., 2013). 

Interestingly, a number of miRNAs found in PCs have been connected to the AR pathway (Budd 

et al., 2015; Fabris et al., 2016). For each found circRNA with an associated gene, a 

bioinformatics pipeline may be used to determine miRNA binding sites. 

Several techniques for circRNA identification based on high throughput RNAseq datasets have 

already been developed, although circRNAs do not possess a poly(A) tail (Jeck and Sharpless, 

2014). As a result, determining the number of circRNAs necessitated the use of bioinformatic 

algorithms that searched specifically for circRNAs in datasets obtained from deep sequencing of 

eukaryotic ribosome depleted RNA (Salzman et al., 2012). Find_circ (Memczak et al., 2013), 

MapSplice (Wang et al., 2010), CIRCexplorer (Zhang et al., 2014), circRNAFinder (Westholm 

et al., 2014), and CIRI (Gao, Wang, and Zhao, 2015), make up most of the circRNAs dataset that 

current researcher’s dependent on. Furthermore, because circRNAs lack free ends and are resistant 

to the exonuclease RNase, this procedure has been used to enrich for circRNAs in RNA-seq data 

as well as to confirm the circular nature of suspected circRNAs using northern blots or RT-PCR 

(Hansen et al., 2013; Suzuki, 2006). 

 CircRNAs have now been identified and considered seriously in a variety of biological domains, 

primarily to the extensive use of modern technology. RNA-seq and bioinformatics research has 

revealed the regulatory functions of circRNAs in various vital organs and diseases. The brain, for 

example, contains hundreds of circRNAs (Rybak-Wolf et al., 2015). Additionally, recent studies 
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contacted circRNA with multi-diseases, including cancers (Geng, Jiang and Wu, 2018), 

cardiovascular diseases (Bayoumi et al., 2018), and neurological diseases (Floris et al., 2016), 

and autoimmune diseases (Xia, Tang, and Wang, 2019). CircRNAs have been shown to play 

important roles in the genesis and progression of cancer, suggesting that they might be used as 

cancer biomarkers and potential therapeutic targets (Zhou et al., 2018). CircRNAs play regulatory 

functions at the transcriptional and post-transcriptional stages, modulating gene transcription, 

acting as microRNA (miRNA) sponges, interacting with RNA-binding proteins (RBPs), and 

translating into a polypeptide (Conn et al., 2015; Legnini et al., 2017). 

Prostate cancer is the second most often diagnosed cancer in males and the fifth-highest cause of 

death globally. For primary prevention of prostate cancer, current information on occurrence and 

outcomes, as well as a better knowledge of the etiology and causative risk factors, are critical 

(Panigrahi et al., 2019). Elevated plasmatic levels of prostate-specific antigen (PSA), a 

glycoprotein usually produced by prostate tissue, are used to identify many prostate malignancies.  

However, because men without cancer have been identified with increased PSA levels, a tissue 

biopsy is the gold standard for confirming the existence of malignancy (Rawla, 2019). With the 

high side effects of biopsies, circRNAs constitute a potential, effective, safe, and accurate 

biomarker for detecting and tracing prostate cancer (Xia et al., 2018). Circular RNAs have a 

unique structure that allows them to exist in blood, urine, and tissues. Furthermore, circRNAs have 

a strong tissue expression specificity, with several circRNAs having considerably higher 

expression abundance in PCa tissues than their corresponding mRNAs (Lu, Song and Wang, 

2019). As a result, circRNAs may be an excellent biomarker for PCa diagnosis. 

 Lots of studies suggested that circRNAs promote PCs progression (Tao et al., 2021; Rebbeck 

2017; Chen et al. 2019). Although some of the results of these studies were contradictory, like 

CircFoxo3  which is abundant in both PC tissues and serum. It enhances PCs development by 

serving as a sponge for miR-29a-3p and upregulating the expression of SLC25A15 (Kong et al. 

2020). At the same time, it's been claimed that circFoxo3 can slow the progression of prostate 

cancer (Shen et al. 2020). CircFoxo3 is low expressed in high-grade PC, and low expression of 

circFoxo3 has been found in studies to enhance PC advancement and chemical resistance to 

docetaxel by promoting EMT, indicating that circFoxo3 limits PC progression (Shen et al. 2020). 

CircRNAs' key strategy for regulating downstream targets is their role as miRNA sponges that 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

control downstream gene expression (Ng, Mohd Mohidin, and Shukla, 2018). Moreover, 

miRNAs such as circZNF609, circ-102004, circMBOAT2, and cirITCH, which engage in AMPK, 

ERK/JNK/Hedgehog, PI3K/AKT/mTOR, and Wnt/-catenin pathways, respectively, control 

several cancer-related signal pathways through circRNAs (Jin et al., 2019; Si-Tu et al., 2019). 

CircRNAs also have the ability to bind to proteins and influence their activities expression (Ng, 

Mohd Mohidin and Shukla, 2018). When circRNAs are found in the nucleus, they can bind to 

RBP and regulate the expression of their parental genes by attaching to their promoters (Du et al., 

2017).  

PCa is a hormone-dependent malignancy in which cancer cells primarily depend on lipid oxidation 

for development (Deep and Schlaepfer, 2016). Lipid metabolism anomalies have been found in 

PCa patients, and the lipid metabolism process is one of the main targets of PCa cell androgens 

because it is strongly associated with PCa cell growth, survival, and treatment resistance (Swinnen 

et al., 1996). Moreover, androgen promoted the expression of circRNA in PCa cells in a 

concentration-dependent manner according to a recent study (Jiang et al., 2020).  

CircRNA according to several studies, has proven its work as an oncogene, and in the case of 

prostate cancer as well. Yang et al. reported that circDPP4, a circRNA derived from the DPP4 

gene, exhibited significantly increased expression in both clinical PCs tissues and PCs cell lines, 

implying an oncogenic effect (Yang et al., 2021). Circ 0062019 promotes the formation of PCs 

via controlling the miR-1253/NRBP1 pathway (Ren et al., 2021). Other researchers found that 

circ 0076305 operated as a novel oncogene that boosted PC growth via the miR-411-5p/PGK1 

axis, proving that certain circRNA may act as oncogenes (Ding, Sun, and Zhang, 2022), and in 

many other studies, they were able to prove this theory (Kong et al., 2021; Xue et al., 2017; Qin 

et al., 2021; Li, Sun and Chen, 2019; Kong et al., 2019). 

In an opposite case, the researchers were able to prove the interference of circRNAs in the process 

of inhibiting prostate cancer and preventing its spread, either by absorbing mRNA, like miR-17-

5p (Wang et al., 2019), miR-1 (Zhang et al., 2021), miR-616 (Zhang et al., 2020), or by targeting 

the circRNA-miRNA axis’s (Xie et al., 2021; Wang et al., 2021), or even by modulating the 

parental genes to down-regulate some proteins (Mao et al., 2021). Also, the knockdown of some 

circRNAs suppresses prostate tumors (Tang et al., 2021).   
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On the other hand, many studies have taken care of the effect of circRNAs on the therapeutic 

regimens used in the treatment of prostate cancer, and it seems that the circRNAs have a clear and 

effective effect on some anticancer used in the treatment of PCs, as is the case in Enzalutamide. 

Wu et al. investigated the production of 21 circRNAs that may bind to miRNAs that control AR-

V7, which has been connected to enzalutamide resistance, and reported that circRNA17 (hsa circ 

0001427) might bind to miR-181c-5p, altering ARv7 activity and hence PCs cell Enz-resistance 

(Wu et al., 2019). Docetaxel which is a chemotherapy medication used to treat prostate cancer 

also has resistance reported connected to circRNAs, knockdown the expression of Foxo3 boosted 

prostate cancer cell survival, invasion, and resistance to docetaxel (Shen et al., 2020). 

Additionally, hsa_circ_0000735 works like a sponge for MiRNA-7-5p (miR-7), and Mir-7 

promotes sensitivity to DTX, so inhibition of hsa_circ_0000735 enhances PCs sensitivity to DTX 

and prevented DTX-resistant PCs cells from becoming malignant and further inhibited tumor 

growth (Gao et al., 2020). 

So far, more than 400 000 distinct circRNAs have been discovered, more than double the number 

of linear transcripts. However, they don't completely understand the control of circRNA biogenesis 

and it’s functional roles (Vo et al., 2019).  

With this large number of circRNAs discovered and the good number of studies on the relationship 

of prostate cancer with circRNAs, the results obtained so far are no more than laboratory results, 

not beyond the experimental laboratory phase (in vitro or in silico) to the clinical phase (in vivo). 

Whereas the use of circRNAs did not go beyond being a biomarker, but as a potential treatment 

(clinical treatment) it is still under research and investigation.  

 In this research, the light was shed on  circular RNA in general and its relationship with prostate 

cancer in particular, and with the in-depth research that was done on this topic, many points and 

question marks have emerged that must be addressed, and although the field of circulating RNA 

and its relationship with prostate cancer is fairly recent, It is necessary to mention some points that 

should be taken into account, including: 

According to circRNAs biogenesis, the mechanism of transfer of circRNAs from the nucleus to 

the cytoplasm has not been mentioned, which that indicates, the exportation from the nucleus to 

the cytoplasm is still via an unknown process. In addition, a question arises here, why is the 

concentration of circRNAs high in the cytoplasm at the expense of the nucleus, there is a possibility 
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that the area of biological processes inside the nucleus is narrow or insufficient for the many 

functions played by circRNAs, which is the discovery of it continuing until this moment, or there 

is the presence of some biological elements necessary for the functions of circRNAs, which push 

this molecule to move to the surrounding plasma, this part needs to be highlighted more.  

 Several circRNAs have been studied in many PCa studies. Even though the study methodology 

and samples are similar, various mechanisms of action have been found. The ideal explanation is 

that during the same illness, the same circRNA works on different miRNA molecules with 

synergistic effects, but it's also important to keep in mind whether particular experimental data can 

genuinely lead to definite conclusions, in general, it needs more research and investigation to find 

out the real reason behind the complete difference in the results for the same studied element, this 

is on the one hand. On the other hand, most of the studies and research conducted lacked 

mechanisms and tools that would verify the validity of the results and ensure that there are no 

false-negative results or even false-positive results.   

 Many studies have been used bioinformatics analyses and miRNA rescue experiments alone, as a 

mean base for the study, in this case, there is a big possibility for the indirect effect and a lot of 

interaction between circRNAs and miRNAs, indicating a need for more accurate methods when 

investigating their relationships to avoid fake results. 

Several previous studies have proven the ability of circRNAs to encode proteins, but studies in 

this direction are still relatively few or almost non-existent.  The presented studies focused on the 

role of circRNAs in the sponge mechanism or axis/pathways of protein-coding, not on the coding 

of proteins directly by circRNAs.  It is known that the field of proteomics is rather complex and 

considering that circRNAs are still an active research spot so far and the dimensions are not fully 

understood, this could represent a reasonable reason for ignoring studies of the effect of circRNAs 

on coding proteins. 

There has been no substantial investigation into the use of circRNAs in the treatment of PCa. There 

has been some study on the function of circRNAs concerning chemotherapy, radiation, and the 

Enz treatment of PCa in prior research that focused on treatment resistance. However, the 

mechanics behind this are still many questions. Besides that, the circRNAs function in autophagy, 

particular cell-signaling pathways, the tumor microenvironment, tumor stem cells, tumor cell 

metabolism, and homologous recombination DNA repair of gene mutations for treatment 
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resistance research should all be investigated further. The impact of hormones on the regulation 

mechanism of circRNAs and other factors, such as DNA methylation or RNA-binding protein, 

would be extremely useful. 

Recent research has suggested that unique circRNA exonic sequences influence immunity and that 

endogenous m6A alteration dampens innate immunity in particular (Chen et al., 2019). Mice were 

given circ-FOREIGN, ovalbumin, and ovalbumin-expressing B16 melanoma cells, one after the 

other. According to the findings, mice given circ-FOREIGN had decreased tumor development 

and nearly doubled overall survival (Chen et al., 2020). If this can be applied in the case of prostate 

cancer, we are in front of a possible novel drug for it, and this point needs further research and 

study. 

CircRNA interactome and single-cell profiling are two examples of projected advancements in the 

area, allowing for a higher resolution of cellular distinctions and a better understanding of a cell's 

activity in its milieu. The growing importance of circRNA in health and diseases implies that not 

only will there be more uses in the future, but more specialized circRNA instruments will be 

developed to fulfill these demands. 

 

   

 

  

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

 

BIBLIOGRAPHY 
 

 

1. Adams, B.D., Parsons, C., Walker, L., Zhang, W.C. and Slack, F.J. (2017). Targeting 

noncoding RNAs in disease. The Journal of Clinical Investigation, [online] 127(3), pp.761–

771. 

2. Abdelmohsen, K., Panda, A.C., Munk, R., Grammatikakis, I., Dudekula, D.B., De, S., Kim, 

J., Noh, J.H., Kim, K.M., Martindale, J.L. and Gorospe, M. (2017). Identification of HuR 

target circular RNAs uncovers suppression of PABPN1 translation by CircPABPN1. RNA 

Biology, 14(3), pp.361–369. 

3. Antonarakis, E.S., Lu, C., Wang, H., Luber, B., Nakazawa, M., Roeser, J.C., Chen, Y., 

Mohammad, T.A., Chen, Y., Fedor, H.L., Lotan, T.L., Zheng, Q., De Marzo, A.M., Isaacs, 

J.T., Isaacs, W.B., Nadal, R., Paller, C.J., Denmeade, S.R., Carducci, M.A. and Eisenberger, 

M.A. (2014). AR-V7 and Resistance to Enzalutamide and Abiraterone in Prostate Cancer. 

New England Journal of Medicine, [online] 371(11), pp.1028–1038. 

4. Aufiero, S., Reckman, Y.J., Pinto, Y.M. and Creemers, E.E. (2019). Circular RNAs open a 

new chapter in cardiovascular biology. Nature Reviews Cardiology, 16(8), pp.503–514. 

5. Asangani, I.A., Dommeti, V.L., Wang, X., Malik, R., Cieslik, M., Yang, R., Escara-Wilke, 

J., Wilder-Romans, K., Dhanireddy, S., Engelke, C., Iyer, M.K., Jing, X., Wu, Y.-M., Cao, 

X., Qin, Z.S., Wang, S., Feng, F.Y. and Chinnaiyan, A.M. (2014). Therapeutic targeting of 

BET bromodomain proteins in castration-resistant prostate cancer. Nature, 510(7504), 

pp.278–282. 

6. Ashwal-Fluss, R., Meyer, M., Pamudurti, N., Ivanov, A., Bartok, O., Hanan, M., Evantal, 

N., Memczak, S., Rajewsky, N. and Kadener, S. (2014). circRNA Biogenesis Competes with 

Pre-mRNA Splicing. Molecular Cell, 56(1), pp.55–66. 

7. Bahn, J.H., Zhang, Q., Li, F., Chan, T.-M., Lin, X., Kim, Y., Wong, D.T.W. and Xiao, X. 

(2015). The Landscape of MicroRNA, Piwi-Interacting RNA, and Circular RNA in Human 

Saliva. Clinical Chemistry, 61(1), pp.221–230. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

8. Barrett, S. P., Wang, P. L., and Salzman, J. (2015). Circular RNA Biogenesis Can Proceed 

through an Exon-Containing Lariat Precursor. Elife 4, 1–18. 

9. Bayoumi, A.S., Aonuma, T., Teoh, J., Tang, Y. and Kim, I. (2018). Circular noncoding 

RNAs as potential therapies and circulating biomarkers for cardiovascular diseases. Acta 

Pharmacologica Sinica, 39(7), pp.1100–1109. 

10. Bejugam, P.R., Das, A. and Panda, A.C. (2020). Seeing Is Believing: Visualizing Circular 

RNAs. Non-Coding RNA, 6(4), p.45. 

11. Bentley, D.L. (2014). Coupling mRNA processing with transcription in time and space. 

Nature reviews. Genetics, [online] 15(3), pp.163–175. 

12. Bhatti, G.K., Khullar, N., Sidhu, I.S., Navik, U.S., Reddy, A.P., Reddy, P.H. and Bhatti, J.S. 

(2021). Emerging role of non‐coding RNA in health and disease. Metabolic Brain Disease, 

36(6), pp.1119–1134. 

13. Blattner, M., Liu, D., Robinson, B.D., Huang, D., Poliakov, A., Gao, D., Nataraj, S., 

Deonarine, L.D., Augello, M.A., Sailer, V., Ponnala, L., Ittmann, M., Chinnaiyan, A.M., 

Sboner, A., Chen, Y., Rubin, M.A. and Barbieri, C.E. (2017). SPOP Mutation Drives 

Prostate Tumorigenesis In Vivo through Coordinate Regulation of PI3K/mTOR and AR 

Signaling. Cancer Cell, [online] 31(3), pp.436–451. 

14. Borghesi, M., Ahmed, H., Nam, R., Schaeffer, E., Schiavina, R., Taneja, S., Weidner, W. 

and Loeb, S. (2017). Complications After Systematic, Random, and Image-guided Prostate 

Biopsy. European Urology, 71(3), pp.353–365. 

15. Bronisz, A., Rooj, A.K., Krawczyński, K., Peruzzi, P., Salińska, E., Nakano, I., Purow, B., 

Chiocca, E.A. and Godlewski, J. (2020). The nuclear DICER–circular RNA complex drives 

the deregulation of the glioblastoma cell microRNAome. Science Advances, 6(51). 

16. Campos-Fernández, E., Barcelos, L.S., Souza, A.G., Goulart, L.R. and Alonso-Goulart, V. 

(2020). Post-SELEX Optimization and Characterization of a Prostate Cancer Cell-Specific 

Aptamer for Diagnosis. ACS Omega, 5(7), pp.3533–3541. 

17. CHAN, C.C. (2004). eIF4A3 is a novel component of the exon junction complex. RNA, 

10(2), pp.200–209. 

18. Chan, J.J. and Tay, Y. (2018). Noncoding RNA:RNA Regulatory Networks in Cancer. 

International Journal of Molecular Sciences, [online] 19(5), p.E1310. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

19. Cancer.org. (2018). Prostate Cancer. [online] Available at: 

https://www.cancer.org/cancer/prostate-cancer.html. 

20. Chao, F., Song, Z., Wang, S., Ma, Z., Zhuo, Z., Meng, T., Xu, G. and Chen, G. (2021). Novel 

circular RNA circSOBP governs amoeboid migration through the regulation of the miR‐141‐

3p/MYPT1/p‐MLC2 axis in prostate cancer. Clinical and Translational Medicine, 11(3). 

21. Chen, C. and Sarnow, P. (1995). Initiation of protein synthesis by the eukaryotic translational 

apparatus on circular RNAs. Science, 268(5209), pp.415–417. 

22. Chen, D., Lu, X., Yang, F. and Xing, N. (2019). Circular RNA circHIPK3 promotes cell 

proliferation and invasion of prostate cancer by sponging miR-193a-3p and regulating 

MCL1 expression. Cancer Management and Research, Volume 11, pp.1415–1423. 

23. Chen, L., Cao, H. and Feng, Y. (2017). MiR-199a suppresses prostate cancer paclitaxel 

resistance by targeting YES1. World Journal of Urology, 36(3), pp.357–365. 

24. Chen, L., Kong, R., Wu, C., Wang, S., Liu, Z., Liu, S., Li, S., Chen, T., Mao, C. and Liu, S. 

(2020). Circ‐MALAT1 Functions as Both an mRNA Translation Brake and a microRNA 

Sponge to Promote Self‐Renewal of Hepatocellular Cancer Stem Cells. Advanced Science, 

7(9), p.2000890. 

25. Chen, X., Chen, R.-X., Wei, W.-S., Li, Y.-H., Feng, Z.-H., Tan, L., Chen, J.-W., Yuan, G.-

J., Chen, S.-L., Guo, S.-J., Xiao, K.-H., Liu, Z.-W., Luo, J.-H., Zhou, F.-J. and Xie, D. 

(2018). PRMT5 Circular RNA Promotes Metastasis of Urothelial Carcinoma of the Bladder 

through Sponging miR-30c to Induce Epithelial–Mesenchymal Transition. Clinical Cancer 

Research, 24(24), pp.6319–6330. 

26. Chen, Y., Yang, F., Fang, E., Xiao, W., Mei, H., Li, H., Li, D., Song, H., Wang, J., Hong, 

M., Wang, X., Huang, K., Zheng, L. and Tong, Q. (2019). Circular RNA circAGO2 drives 

cancer progression through facilitating HuR-repressed functions of AGO2-miRNA 

complexes. Cell Death & Differentiation, [online] 26(7), pp.1346–1364. 

27. Chen, X. and Lu, Y. (2021). Circular RNA: Biosynthesis in vitro. Frontiers in 

Bioengineering and Biotechnology, 9. 

28. Chen, J., Sun, Y., Ou, Z., Yeh, S., Huang, C., You, B., Tsai, Y., Sheu, T., Zu, X. and Chang, 

C. (2020). Androgen receptor‐regulated circ FNTA activates KRAS signaling to promote 

bladder cancer invasion. EMBO reports, 21(4). 

Ahm
ad

 Alsh
ikh

 Sale
h

https://www.cancer.org/cancer/prostate-cancer.html


 

 

29. Chen, Y.G., Chen, R., Ahmad, S., Verma, R., Kasturi, S.P., Amaya, L., Broughton, J.P., 

Kim, J., Cadena, C., Pulendran, B., Hur, S. and Chang, H.Y. (2019). N6-Methyladenosine 

Modification Controls Circular RNA Immunity. Molecular Cell, [online] 76(1), pp.96-

109.e9. 

30. Cheung, K.W.E., Choi, S.R., Lee, L.T.C., Lee, N.L.E., Tsang, H.F., Cheng, Y.T., Cho, 

W.C.S., Wong, E.Y.L. and Wong, S.C.C. (2019). The potential of circulating cell free RNA 

as a biomarker in cancer. Expert Review of Molecular Diagnostics, 19(7), pp.579–590. 

31. Chen, N., Zhao, G., Yan, X., Lv, Z., Yin, H., Zhang, S., Song, W., Li, X., Li, L., Du, Z., Jia, 

L., Zhou, L., Li, W., Hoffman, A.R., Hu, J.-F. and Cui, J. (2018). A novel FLI1 exonic 

circular RNA promotes metastasis in breast cancer by coordinately regulating TET1 and 

DNMT1. Genome Biology, [online] 19(1). 

32. Chen, L., Wang, C., Sun, H., Wang, J., Liang, Y., Wang, Y. and Wong, G. (2020). The 

bioinformatics toolbox for circRNA discovery and analysis. Briefings in Bioinformatics, 

[online] 22(2), pp.1706–1728. 

33. Chen, L., Kong, R.,Wu, C., Wang, S., Liu, Z., Liu, S., et al. (2020b). Circ-MALAT1 

Functions as Both an mRNA Translation Brake and a microRNA Sponge to Promote Self-

Renewal of Hepatocellular Cancer Stem Cells. Adv. Sci. 7,1900949. 

34. Chen, Q., Jiao, D., Yan, L., Wu, Y., Hu, H., Song, J., Yan, J., Wu, L., Xu, L. and Shi, J. 

(2015). Comprehensive gene and microRNA expression profiling reveals miR-206 inhibits 

MET in lung cancer metastasis. Molecular BioSystems, 11(8), pp.2290–2302. 

35. Cheng, J., Metge, F. and Dieterich, C. (2015). Specific identification and quantification of 

circular RNAs from sequencing data. Bioinformatics, 32(7), pp.1094–1096. 

36. Circular RNAs : Biogenesis and Functions. (2018). Singapore: Springer Verlag, Singapore. 

37. Cocquerelle, C., Mascrez, B., Hétuin, D. and Bailleul, B. (1993). Mis-splicing yields circular 

RNA molecules. The FASEB Journal, 7(1), pp.155–160. 

38. Conn, Simon J., Pillman, Katherine A., Toubia, J., Conn, Vanessa M., Salmanidis, M., 

Phillips, Caroline A., Roslan, S., Schreiber, Andreas W., Gregory, Philip A. and Goodall, 

Gregory J. (2015). The RNA Binding Protein Quaking Regulates Formation of circRNAs. 

Cell, 160(6), pp.1125–1134. 
Ahm

ad
 Alsh

ikh
 Sale

h



 

 

39. Dang, R.-Y., Liu, F.-L. and Li, Y. (2017). Circular RNA hsa_circ_0010729 regulates 

vascular endothelial cell proliferation and apoptosis by targeting the miR-186/HIF-1α axis. 

Biochemical and Biophysical Research Communications, 490(2), pp.104–110. 

40. Dai, Y., Li, D., Chen, X., Tan, X., Gu, J., Chen, M. and Zhang, X. (2018). Circular RNA 

Myosin Light Chain Kinase (MYLK) Promotes Prostate Cancer Progression through 

Modulating Mir-29a Expression. Medical Science Monitor, 24, pp.3462–3471. 

41. Deep, G. and Schlaepfer, I. (2016). Aberrant Lipid Metabolism Promotes Prostate Cancer: 

Role in Cell Survival under Hypoxia and Extracellular Vesicles Biogenesis. International 

Journal of Molecular Sciences, 17(7), p.1061. 

42. Deng, G., Wang, R., Sun, Y., Huang, C.-P., Yeh, S., You, B., Feng, C., Li, G., Ma, S. and 

Chang, C. (2021). Targeting androgen receptor (AR) with antiandrogen Enzalutamide 

increases prostate cancer cell invasion yet decreases bladder cancer cell invasion via 

differentially altering the AR/circRNA-ARC1/miR-125b-2-3p or miR-4736/PPARγ/MMP-

9 signals. Cell Death & Differentiation, 28(7), pp.2145–2159. 

43. Diehl, J.A. (2002). Cycling to Cancer with Cyclin D1. Cancer Biology & Therapy, 1(3), 

pp.226–231. 

44. Ding, X., Sun, J. and Zhang, X. (2022). Circ_0076305 facilitates prostate cancer 

development via sponging miR‐411‐5p and regulating PGK1. Andrologia. 

45. Ding, T., Zhu, Y., Jin, H., Zhang, P., Guo, J. and Zheng, J. (2021). Circular RNA 

circ_0057558 Controls Prostate Cancer Cell Proliferation Through Regulating miR-

206/USP33/c-Myc Axis. Frontiers in Cell and Developmental Biology, 9. 

46. Dong, R., Ma, X.-K., Chen, L.-L. and Yang, L. (2017). Increased complexity of circRNA 

expression during species evolution. RNA Biology, 14(8), pp.1064–1074. 

47. Dudekula, D.B., Panda, A.C., Grammatikakis, I., De, S., Abdelmohsen, K. and Gorospe, M. 

(2015). CircInteractome: A web tool for exploring circular RNAs and their interacting 

proteins and microRNAs. RNA Biology, 13(1), pp.34–42. 

48. Du, W.W., Yang, W., Liu, E., Yang, Z., Dhaliwal, P. and Yang, B.B. (2016). Foxo3 circular 

RNA retards cell cycle progression via forming ternary complexes with p21 and CDK2. 

Nucleic Acids Research, 44(6), pp.2846–2858. 

49. Du, W.W., Zhang, C., Yang, W., Yong, T., Awan, F.M. and Yang, B.B. (2017). Identifying 

and Characterizing circRNA-Protein Interaction. Theranostics, 7(17), pp.4183–4191. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

50. Enuka, Y., Lauriola, M., Feldman, M.E., Sas-Chen, A., Ulitsky, I. and Yarden, Y. (2015). 

Circular RNAs are long-lived and display only minimal early alterations in response to a 

growth factor. Nucleic Acids Research, 44(3), pp.1370–1383. 

51. Esposito, R., Bosch, N., Lanzós, A., Polidori, T., Pulido-Quetglas, C. and Johnson, R. 

(2019). Hacking the Cancer Genome: Profiling Therapeutically Actionable Long Non-

coding RNAs Using CRISPR-Cas9 Screening. Cancer Cell, 35(4), pp.545–557. 

52. Fang, J., Qi, J., Dong, X. and Luo, J. (2020). Perspectives on Circular RNAs as Prostate 

Cancer Biomarkers. Frontiers in Cell and Developmental Biology, 8.Circular RNA, 

circXPO1, Promotes Lung Adenocarcinoma Progression by Acids: Discovery, Functions 

and Applications. ChemBioChem 21, 1547–1566. 

53. Feng, Y., Yang, Y., Zhao, X., Fan, Y., Zhou, L., Rong, J. and Yu, Y. (2019). Circular RNA 

circ0005276 promotes the proliferation and migration of prostate cancer cells by interacting 

with FUS to transcriptionally activate XIAP. Cell Death & Disease, 10(11). 

54. Fischer, S., Lin, D., Simon, R.M., Howard, L.E., Aronson, W.J., Terris, M.K., Kane, C.J., 

Amling, C.L., Cooperberg, M.R., Freedland, S.J. and Vidal, A.C. (2015). Do all men with 

pathological Gleason score 8-10 prostate cancer have poor outcomes? Results from the 

SEARCH database. BJU International, 118(2), pp.250–257. 

55. Floris, G., Zhang, L., Follesa, P. and Sun, T. (2016). Regulatory Role of Circular RNAs and 

Neurological Disorders. Molecular Neurobiology, 54(7), pp.5156–5165. 

56. Gao, Y., Wang, J. and Zhao, F. (2015). CIRI: an efficient and unbiased algorithm for de 

novo circular RNA identification. Genome Biology, 16(1). 

57. Gao, Y., Zhang, J. and Zhao, F. (2017). Circular RNA identification based on multiple seed 

matching. Briefings in Bioinformatics, 19(5), pp.803–810. 

58. Geng, Y., Jiang, J. and Wu, C. (2018). Function and clinical significance of circRNAs in 

solid tumors. Journal of Hematology & Oncology, [online] 11, p.98. 

59. Guarnerio, J., Bezzi, M., Jeong, J., Paffenholz, Stella V., Berry, K., Naldini, Matteo M., Lo-

Coco, F., Tay, Y., Beck, Andrew H. and Pandolfi, P. (2016). Oncogenic Role of Fusion-

circRNAs Derived from Cancer-Associated Chromosomal Translocations. Cell, 165(2), 

pp.289–302. 

60. Guo, J.U., Agarwal, V., Guo, H. and Bartel, D.P. (2014). Expanded identification and 

characterization of mammalian circular RNAs. Genome Biology, 15(7). 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

61.   Gao, Y., Liu, J., Huan, J. and Che, F. (2020). Downregulation of circular RNA 

hsa_circ_0000735 boosts prostate cancer sensitivity to docetaxel via sponging miR-

7. Cancer Cell International, 20(1). 

62. Guo, Y., Yang, J., Huang, Q., Hsueh, C., Zheng, J., Wu, C., Chen, H. and Zhou, L. (2019). 

Circular RNAs and their roles in head and neck cancers. Molecular Cancer, 18(1). 

63. Hall, I.F., Climent, M., Quintavalle, M., Farina, F.M., Schorn, T., Zani, S., Carullo, P., 

Kunderfranco, P., Civilini, E., Condorelli, G. and Elia, L. (2019). Circ_Lrp6, a Circular RNA 

Enriched in Vascular Smooth Muscle Cells, Acts as a Sponge Regulating miRNA-145 

Function. Circulation Research, 124(4), pp.498–510. 

64. Han N, Ding L, Wei X, Fan L, Yu L. circSMAD2 governs migration and epithelial-

mesenchymal transition by inhibiting microRNA-9. J Cell Biochem. 2019 Dec 30. doi: 

10.1002/jcb.29638. Epub ahead of print. PMID: 31886568. 

65. Hanniford, D., Ulloa-Morales, A., Karz, A., Berzoti-Coelho, M.G., Moubarak, R.S., 

Sánchez-Sendra, B., Kloetgen, A., Davalos, V., Imig, J., Wu, P., Vasudevaraja, V., Argibay, 

D., Lilja, K., Tabaglio, T., Monteagudo, C., Guccione, E., Tsirigos, A., Osman, I., Aifantis, 

I. and Hernando, E. (2020). Epigenetic Silencing of CDR1as Drives IGF2BP3-Mediated 

Melanoma Invasion and Metastasis. Cancer Cell, 37(1), pp.55-70.e15. 

66. Hansen, E.B., Fredsøe, J., Okholm, T.L.H., Ulhøi, B.P., Klingenberg, S., Jensen, J.B., 

Kjems, J., Bouchelouche, K., Borre, M., Damgaard, C.K., Pedersen, J.S., Kristensen, L.S. 

and Sørensen, K.D. (2022). The transcriptional landscape and biomarker potential of circular 

RNAs in prostate cancer. Genome Medicine, 14(1). 

67. Hansen, T.B., Jensen, T.I., Clausen, B.H., Bramsen, J.B., Finsen, B., Damgaard, C.K. and 

Kjems, J. (2013). Natural RNA circles function as efficient microRNA sponges. Nature, 

495(7441), pp.384–388. 

68. Hansen, T.B., Veno, M.T., Damgaard, C.K. and Kjems, J. (2015). Comparison of circular 

RNA prediction tools. Nucleic Acids Research, 44(6), pp.e58–e58. 

69. Hansen, T.B. (2018). Improved circRNA Identification by Combining Prediction 

Algorithms. Frontiers in Cell and Developmental Biology, 6. 

70. He, F., Zu, D., Lan, C., Niu, J. and Nie, X. (2020). hsa‑microRNA‑411‑5p regulates 

proliferation, migration and invasion by targeting the hyaluronan mediated motility receptor 

in ovarian cancer. Experimental and Therapeutic Medicine. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

71. He, A. T., Liu, J., Li, F., and Yang, B. B. (2021). Targeting Circular RNAs as a Therapeutic 

Approach: Current Strategies and Challenges. Sig. Transduct. Target. Ther. 6, 1–14. 

72. Hoffmann, S., Otto, C., Doose, G., Tanzer, A., Langenberger, D., Christ, S., Kunz, M., Holdt, 

L.M., Teupser, D., Hackermüller, J. and Stadler, P.F. (2014). A multi-split mapping 

algorithm for circular RNA, splicing, trans-splicing and fusion detection. Genome Biology, 

15(2), p.R34. 

73. Hua, J.T., Chen, S. and He, H.H. (2019). Landscape of Noncoding RNA in Prostate Cancer. 

Trends in Genetics, [online] 35(11), pp.840–851. 

74. Huang, C., Deng, H., Wang, Y., Jiang, H., Xu, R., Zhu, X., Huang, Z. and Zhao, X. (2019). 

Circular RNA circABCC4 as the ceRNA of miR‐1182 facilitates prostate cancer progression 

by promoting FOXP4 expression. Journal of Cellular and Molecular Medicine, 23(9), 

pp.6112–6119. 

75. Huang, E., Chen, X. and Yuan, Y. (2019). Downregulated circular RNA itchy E3 ubiquitin 

protein ligase correlates with advanced pathologic T stage, high lymph node metastasis risk 

and poor survivals in prostate cancer patients. Cancer Biomarkers, [online] 26(1), pp.41–50. 

76. Huang, Q., Guo, H., Wang, S., Ma, Y., Chen, H., Li, H., et al. (2020). A Novel Circular 

RNA, circXPO1, Promotes Lung Adenocarcinoma Progression by Interacting with 

IGF2BP1. Cell Death Dis. 11, 1031. 

77. Hu, J.C., Williams, S.B., Carter, S.C., Eggener, S.E., Prasad, S., Chamie, K., Trinh, Q.-D., 

Sun, M., Nguyen, P.L. and Lipsitz, S.R. (2015). Population-based assessment of prostate-

specific antigen testing for prostate cancer in the elderly. Urologic Oncology: Seminars and 

Original Investigations, 33(2), pp.69.e29–69.e34. 

78. Imaoka, H., Toiyama, Y., Fujikawa, H., Hiro, J., Saigusa, S., Tanaka, K., Inoue, Y., Mohri, 

Y., Mori, T., Kato, T., Toden, S., Goel, A. and Kusunoki, M. (2016). Circulating microRNA-

1290 as a novel diagnostic and prognostic biomarker in human colorectal cancer. 

79. Jeck, W.R. and Sharpless, N.E. (2014). Detecting and characterizing circular RNAs. Nature 

biotechnology, [online] 32(5), pp.453–461. 

80. Jeck, W.R., Sorrentino, J.A., Wang, K., Slevin, M.K., Burd, C.E., Liu, J., Marzluff, W.F. 

and Sharpless, N.E. (2012). Circular RNAs are abundant, conserved, and associated with 

ALU repeats. RNA, 19(2), pp.141–157. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

81. Jiang, H., Lv, D.J., Song, X.L., Wang, C., Yu, Y.Z. and Zhao, S.C. (2020). Upregulated 

circZMIZ1 promotes the proliferation of prostate cancer cells and is a valuable marker in 

plasma. Neoplasma, 67(01), pp.68–77. 

82. Jin, C., Zhao, W., Zhang, Z. and Liu, W. (2019). Silencing circular RNA circZNF609 

restrains growth, migration and invasion by up-regulating microRNA-186-5p in prostate 

cancer. Artificial Cells, Nanomedicine, and Biotechnology, 47(1), pp.3350–3358. 

83. Kellokumpu-Lehtinen, P., Nurmi, M., Koskinen, P. and Irjala, K. (1989). Prostate-specific 

antigen as a marker of adenocarcinoma of prostate. Urological Research, 17(4). 

84. Kolakofsky, D. (1976). Isolation and characterization of Sendai virus DI-RNAs. Cell, 8(4), 

pp.547–555. 

85. Koo, K.C., Lee, D.H., Kim, D.K., Ha, Y.S., Kim, J.W., Kang, S.K., Lee, K.S., Rha, K.H., 

Hong, S.J. and Chung, B.H. (2018). Time to disease progression is a predictor of metastasis 

and mortality in patients with high-risk prostate cancer who achieved undetectable prostate-

specific antigen following robot-assisted radical prostatectomy. European Urology 

Supplements, 17(2), p.e1831. 

86. Kong, Z., Wan, X., Lu, Y., Zhang, Y., Huang, Y., Xu, Y., Liu, Y., Zhao, P., Xiang, X., Li, 

L. and Li, Y. (2019). Circular RNA circFOXO3 promotes prostate cancer progression 

through sponging miR‐29a‐3p. Journal of Cellular and Molecular Medicine, 24(1), pp.799–

813. 

87. Kong, Z., Wan, X., Zhang, Y., Zhang, P., Zhang, Y., Zhang, X., Qi, X., Wu, H., Huang, J. 

and Li, Y. (2017). Androgen-responsive circular RNA circSMARCA5 is up-regulated and 

promotes cell proliferation in prostate cancer. Biochemical and Biophysical Research 

Communications, 493(3), pp.1217–1223. 

88. Kong, Z., Lu, Y., Wan, X., Luo, J., Li, D., Huang, Y., Wang, C., Li, Y. and Xu, Y. (2021). 

Comprehensive Characterization of Androgen-Responsive circRNAs in Prostate Cancer. 

Life, [online] 11(10), p.1096. 

89. Kristensen, L.S., Hansen, T.B., Venø, M.T. and Kjems, J. (2017). Circular RNAs in cancer: 

opportunities and challenges in the field. Oncogene, 37(5), pp.555–565. 

90. 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. Nature 

Reviews Genetics, 20(11), pp.675–691. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

91. Lahens, N.F., Kavakli, I., Zhang, R., Hayer, K., Black, M.B., Dueck, H., Pizarro, A., Kim, 

J., Irizarry, R., Thomas, R.S., Grant, G.R. and Hogenesch, J.B. (2014). IVT-seq reveals 

extreme bias in RNA sequencing. Genome Biology, 15(6), p.R86. 

92. Lasda, E. and Parker, R. (2014). Circular RNAs: diversity of form and function. RNA, 

20(12), pp.1829–1842. 

93. Legnini, I., Di Timoteo, G., Rossi, F., Morlando, M., Briganti, F., Sthandier, O., Fatica, A., 

Santini, T., Andronache, A., Wade, M., Laneve, P., Rajewsky, N. and Bozzoni, I. (2017). 

Circ-ZNF609 Is a Circular RNA that Can Be Translated and Functions in Myogenesis. 

Molecular Cell, 66(1), pp.22-37.e9. 

94. Lei, M., Zheng, G., Ning, Q., Zheng, J. and Dong, D. (2020). Translation and functional 

roles of circular RNAs in human cancer. Molecular Cancer, 19(1). 

95. Li, Y., Zheng, Q., Bao, C., Li, S., Guo, W., Zhao, J., Chen, D., Gu, J., He, X. and Huang, S. 

(2015). Circular RNA is enriched and stable in exosomes: a promising biomarker for cancer 

diagnosis. Cell Research, 25(8), pp.981–984. 

96. Li, J., Gao, X., Zhang, Z., Lai, Y., Lin, X., Lin, B., Ma, M., Liang, X., Li, X., Lv, W., Lin, 

Y. and Zhang, N. (2021). CircCD44 plays oncogenic roles in triple-negative breast cancer 

by modulating the miR-502–5p/KRAS and IGF2BP2/Myc axes. Molecular Cancer, 20(1). 

97. Li, J., Sun, D., Pu, W., Wang, J. and Peng, Y. (2020). Circular RNAs in Cancer: Biogenesis, 

Function, and Clinical Significance. Trends in Cancer, 6(4), pp.319–336. 

98. Li, J., Mohammed-Elsabagh,M., Paczkowski, F., and Li, Y. (2020). Circular Nucleic 

Acids: Discovery, Functions and Applications. ChemBioChem 21, 1547–1566. 

99. Liu, C., Yao, M.-D., Li, C.-P., Shan, K., Yang, H., Wang, J.-J., Liu, B., Li, X.-M., Yao, J., 

Jiang, Q. and Yan, B. (2017). Silencing Of Circular RNA-ZNF609 Ameliorates Vascular 

Endothelial Dysfunction. Theranostics, 7(11), pp.2863–2877. 

100. Li, S., Yu, C., Zhang, Y., Liu, J., Jia, Y., Sun, F., Zhang, P., Li, J., Guo, L., Xiao, H., Gao, 

F., Deng, X., Cai, Z. and Cai, J. (2020). Circular RNA cir-ITCH Is a Potential Therapeutic 

Target for the Treatment of Castration-Resistant Prostate Cancer. BioMed Research 

International, 2020, pp.1–9. 

101. Li, T., Sun, X. and Chen, L. (2019). Exosome circ_0044516 promotes prostate cancer cell 

proliferation and metastasis as a potential biomarker. Journal of Cellular Biochemistry, 

121(3), pp.2118–2126. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

102. Lin, T.-H., Lee, S.O., Niu, Y., Xu, D., Liang, L., Li, L., Yeh, S.-D., Fujimoto, N., Yeh, S. 

and Chang, C. (2020). Correction: Differential androgen deprivation therapies with anti-

androgens Casodex/bicalutamide or MDV3100/enzalutamide versus anti-androgen receptor 

ASC-J9® lead to promotion versus suppression of prostate cancer metastasis. Journal of 

Biological Chemistry, 295(46), p.15796. 

103. Liu, X., Tong, Y., Xia, D., Peng, E., Yang, X., Liu, H., Ye, T., Wang, X., He, Y., Ye, Z., 

Chen, Z. and Tang, K. (2021). Circular RNAs in prostate cancer: Biogenesis, biological 

functions, and clinical significance. Molecular Therapy - Nucleic Acids, [online] 26, 

pp.1130–1147. 

104. Li, Z., Huang, C., Bao, C., Chen, L., Lin, M., Wang, X., Zhong, G., Yu, B., Hu, W., Dai, L., 

Zhu, P., Chang, Z., Wu, Q., Zhao, Y., Jia, Y., Xu, P., Liu, H. and Shan, G. (2015). Exon-

intron circular RNAs regulate transcription in the nucleus. Nature Structural & Molecular 

Biology, 22(3), pp.256–264. 

105. Lu, D. and Xu, A.-D. (2016). Mini Review: Circular RNAs as Potential Clinical Biomarkers 

for Disorders in the Central Nervous System. Frontiers in Genetics, 7. 

106. Lu, Q., Li, Y., Lou, J., Li, P., Gu, Y. and Wang, X. (2021). Circ-CHFR modulates the 

proliferation, migration, and invasion of ox-LDL-induced human aorta vascular smooth 

muscle cells through the miR-214-3p/PAPPA axis. Clinical Hemorheology and 

Microcirculation, pp.1–14. 

107. Lu, Q., Liu, T., Feng, H., Yang, R., Zhao, X., Chen, W., Jiang, B., Qin, H., Guo, X., Liu, M., 

Li, L. and Guo, H. (2019). Circular RNA circSLC8A1 acts as a sponge of miR-130b/miR-

494 in suppressing bladder cancer progression via regulating PTEN. Molecular Cancer, 

18(1). 

108. Luo, G.-C., Chen, L., Fang, J. and Yan, Z.-J. (2021). Hsa_circ_0030586 promotes epithelial–

mesenchymal transition in prostate cancer via PI3K-AKT signaling. Bioengineered, 12(2), 

pp.11089–11107. 

109. Mao, S., Zhang, W., Yang, F., Guo, Y., Wang, H., Wu, Y., Wang, R., Maskey, N., Zheng, 

Z., Li, C., Ma, W., Zhang, J., Yan, Y. and Yao, X. (2021). Hsa_circ_0004296 inhibits 

metastasis of prostate cancer by interacting with EIF4A3 to prevent nuclear export of ETS1 

mRNA. Journal of Experimental & Clinical Cancer Research, 40(1). 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

110. Matsumoto, Y., Fishel, R. and Wickner, R.B. (1990). Circular single-stranded RNA replicon 

in Saccharomyces cerevisiae. Proceedings of the National Academy of Sciences, 87(19), 

pp.7628–7632. 

111. Meng, S., Zhou, H., Feng, Z., Xu, Z., Tang, Y., Li, P. and Wu, M. (2017). CircRNA: 

functions and properties of a novel potential biomarker for cancer. Molecular Cancer, 16(1). 

112. Memczak, S., Jens, M., Elefsinioti, A., Torti, F., Krueger, J., Rybak, A., Maier, L., 

Mackowiak, S.D., Gregersen, L.H., Munschauer, M., Loewer, A., Ziebold, U., Landthaler, 

M., Kocks, C., le Noble, F. and Rajewsky, N. (2013). Circular RNAs are a large class of 

animal RNAs with regulatory potency. Nature, 495(7441), pp.333–338. 

113. Memczak, S., Papavasileiou, P., Peters, O. and Rajewsky, N. (2015). Identification and 

Characterization of Circular RNAs As a New Class of Putative Biomarkers in Human Blood. 

PLOS ONE, 10(10), p.e0141214. 

114. Misir, S., Wu, N. and Yang, B.B. (2022). Specific expression and functions of circular 

RNAs. Cell Death & Differentiation, [online] 29(3), pp.481–491. 

115. Mitra, A., Pfeifer, K. and Park, K.-S. (2018). Circular RNAs and competing endogenous 

RNA (ceRNA) networks. Translational Cancer Research, 7(S5), pp.S624–S628. 

116. Montalto, F.I. and De Amicis, F. (2020). Cyclin D1 in Cancer: A Molecular Connection for 

Cell Cycle Control, Adhesion and Invasion in Tumor and Stroma. Cells, 9(12), p.2648. 

117. Ng, W.L., Mohd Mohidin, T.B. and Shukla, K. (2018). Functional role of circular RNAs in 

cancer development and progression. RNA Biology, pp.1–11. 

118. Nguyen, D.T., Trac, Q.T., Nguyen, T.-H., Nguyen, H.-N., Ohad, N., Pawitan, Y. and Vu, 

T.N. (2021). Circall: fast and accurate methodology for discovery of circular RNAs from 

paired-end RNA-sequencing data. BMC Bioinformatics, 22(1). 

119. Nigro, J.M., Cho, K.R., Fearon, E.R., Kern, S.E., Ruppert, J.Michael., Oliner, J.D., Kinzler, 

K.W. and Vogelstein, B. (1991). Scrambled exons. Cell, 64(3), pp.607–613. 

120. Nisar, S., Bhat, A.A., Singh, M., Karedath, T., Rizwan, A., Hashem, S., Bagga, P., Reddy, 

R., Jamal, F., Uddin, S., Chand, G., Bedognetti, D., El-Rifai, W., Frenneaux, M.P., Macha, 

M.A., Ahmed, I. and Haris, M. (2021). Insights Into the Role of CircRNAs: Biogenesis, 

Characterization, Functional, and Clinical Impact in Human Malignancies. Frontiers in Cell 

and Developmental Biology, 9. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

121. Ng, W.L., Mohd Mohidin, T.B. and Shukla, K. (2018). Functional role of circular RNAs in 

cancer development and progression. RNA Biology, pp.1–11. 

122. Panda, A.C., De, S., Grammatikakis, I., Munk, R., Yang, X., Piao, Y., Dudekula, D.B., 

Abdelmohsen, K. and Gorospe, M. (2017). High-purity circular RNA isolation method 

(RPAD) reveals vast collection of intronic circRNAs. Nucleic Acids Research, 45(12), 

pp.e116–e116. 

123. Panigrahi, G.K., Praharaj, P.P., Kittaka, H., Mridha, A.R., Black, O.M., Singh, R., Mercer, 

R., van Bokhoven, A., Torkko, K.C., Agarwal, C., Agarwal, R., Abd Elmageed, Z.Y., Yadav, 

H., Mishra, S.K. and Deep, G. (2019). Exosome proteomic analyses identify inflammatory 

phenotype and novel biomarkers in African American prostate cancer patients. Cancer 

Medicine, [online] 8(3), pp.1110–1123. 

124. Panni, S., Lovering, R.C., Porras, P. and Orchard, S. (2020). Non-coding RNA regulatory 

networks. Biochimica et Biophysica Acta (BBA) - Gene Regulatory Mechanisms, 1863(6), 

p.194417. 

125. Pardo, O.E., Castellano, L., Munro, C.E., Hu, Y., Mauri, F., Krell, J., Lara, R., Pinho, F.G., 

Choudhury, T., Frampton, A.E., Pellegrino, L., Pshezhetskiy, D., Wang, Y., Waxman, J., 

Seckl, M.J. and Stebbing, J. (2016). miR‐515‐5p controls cancer cell migration through 

MARK 4 regulation. EMBO reports, 17(4), pp.570–584. 

126. Petkovic, S. and Müller, S. (2015). RNA circularization strategies in vivo and in vitro. 

Nucleic Acids Research, 43(4), pp.2454–2465. 

127. Prostate Cancer UK. (2018). Prostate Cancer UK. [online] Available at: 

https://prostatecanceruk.org/. 

128. Pernar, C.H., Ebot, E.M., Wilson, K.M. and Mucci, L.A. (2018). The Epidemiology of 

Prostate Cancer. Cold Spring Harbor Perspectives in Medicine, 8(12), p.a030361. 

129. Piao, S., Liu, Y., Hu, J., Guo, F., Ma, J., Sun, Y. and Zhang, B. (2012). USP22 Is Useful as 

a Novel Molecular Marker for Predicting Disease Progression and Patient Prognosis of Oral 

Squamous Cell Carcinoma. PLoS ONE, 7(8), p.e42540. 

130. Qin, J., Lee, H.-J., Wu, S.-P., Lin, S.-C., Lanz, R.B., Creighton, C.J., DeMayo, F.J., Tsai, 

S.Y. and Tsai, M.-J. (2014). Androgen deprivation–induced NCoA2 promotes metastatic 

and castration-resistant prostate cancer. Journal of Clinical Investigation, 124(11), pp.5013–

5026. 

Ahm
ad

 Alsh
ikh

 Sale
h

https://prostatecanceruk.org/


 

 

131. Qin, L., Sun, X., Zhou, F. and Liu, C. (2021). CircLRP6 contributes to prostate cancer 

growth and metastasis by binding to miR-330-5p to up-regulate NRBP1. World Journal of 

Surgical Oncology, 19(1). 

132. Qu, S., Song, W., Yang, X., Wang, J., Zhang, R., Zhang, Z., Zhang, H. and Li, H. (2015). 

Microarray expression profile of circular RNAs in human pancreatic ductal adenocarcinoma. 

Genomics Data, [online] 5, pp.385–387. 

133. Qu, S., Yang, X., Li, X., Wang, J., Gao, Y., Shang, R., Sun, W., Dou, K. and Li, H. (2015). 

Circular RNA: A new star of noncoding RNAs. Cancer Letters, 365(2), pp.141–148. 

134. Rawla, P. (2019). Epidemiology of Prostate Cancer. World Journal of Oncology, [online] 

10(2), pp.63–89. 

135. Rebbeck, T.R. (2017). Prostate Cancer Genetics: Variation by Race, Ethnicity, and 

Geography. Seminars in Radiation Oncology, [online] 27(1), pp.3–10. 

136. Ren, X., Cheng, J., Zhu, M., Chen, X., Jiang, M., Hu, X. and Lu, Y. (2021). Circular RNA 

circ_0062019 exerts oncogenic properties in prostate cancer via mediating miR‐

1253/NRBP1 axis. Andrologia, 54(3). 

137. Rinaldi, L., Datta, D., Serrat, J., Morey, L., Solanas, G., Avgustinova, A., Blanco, E., Pons, 

J., Matallanas, D., Von Kriegsheim, A., Di Croce, L. and Benitah, S. (2016). Dnmt3a and 

Dnmt3b Associate with Enhancers to Regulate Human Epidermal Stem Cell Homeostasis. 

Cell Stem Cell, 19(4), pp.491–501. 

138. Rochow, H., Jung, M., Weickmann, S., Ralla, B., Stephan, C., Elezkurtaj, S., Kilic, E., Zhao, 

Z., Jung, K., Fendler, A. and Franz, A. (2020). Circular RNAs and Their Linear Transcripts 

as Diagnostic and Prognostic Tissue Biomarkers in Prostate Cancer after Prostatectomy in 

Combination with Clinicopathological Factors. International Journal of Molecular Sciences, 

[online] 21(21), p.7812. 

139. Romano, G., Veneziano, D., Acunzo, M. and Croce, C.M. (2017). Small non-coding RNA 

and cancer. Carcinogenesis, [online] 38(5), pp.485–491. 

140. Rybak-Wolf, A., Stottmeister, C., Glažar, P., Jens, M., Pino, N., Giusti, S., Hanan, M., Behm, 

M., Bartok, O., Ashwal-Fluss, R., Herzog, M., Schreyer, L., Papavasileiou, P., Ivanov, A., 

Öhman, M., Refojo, D., Kadener, S. and Rajewsky, N. (2015). Circular RNAs in the 

Mammalian Brain Are Highly Abundant, Conserved, and Dynamically Expressed. 

Molecular Cell, 58(5), pp.870–885. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

 

141. Salzman, J., Chen, R.E., Olsen, M.N., Wang, P.L. and Brown, P.O. (2013). Cell-Type 

Specific Features of Circular RNA Expression. PLoS Genetics, 9(9), p.e1003777. 

 

142. Salzman, J., Gawad, C., Wang, P.L., Lacayo, N. and Brown, P.O. (2012). Circular RNAs 

Are the Predominant Transcript Isoform from Hundreds of Human Genes in Diverse Cell 

Types. PLoS ONE, 7(2), p.e30733. 

143. 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. Proceedings of the National Academy of Sciences, 73(11), pp.3852–

3856. 

144. Schatten, H. (2018). Brief Overview of Prostate Cancer Statistics, Grading, Diagnosis and 

Treatment Strategies. Advances in Experimental Medicine and Biology, pp.1–14. 

145. Sharma, A.R., Bhattacharya, M., Bhakta, S., Saha, A., Lee, S.-S. and Chakraborty, C. (2021). 

Recent research progress on circular RNAs: Biogenesis, properties, functions, and 

therapeutic potential. Molecular Therapy - Nucleic Acids, [online] 25, pp.355–371. 

146. Shen, Z., Zhou, L., Zhang, C. and Xu, J. (2020). Reduction of circular RNA Foxo3 promotes 

prostate cancer progression and chemoresistance to docetaxel. Cancer Letters, 468, pp.88–

101. 

147. Shi, J., Liu, C., Chen, C., Guo, K., Tang, Z., Luo, Y., Chen, L., Su, Y. and Xu, K. (2020). 

Circular RNA circMBOAT2 promotes prostate cancer progression via a miR-1271-

5p/mTOR axis. Aging (Albany NY), [online] 12(13), pp.13255–13280. 

148. Si-Tu, J., Cai, Y., Feng, T., Yang, D., Yuan, S., Yang, X., He, S., Li, Z., Wang, Y., Tang, 

Y., Ye, C. and Li, Z. (2019). Upregulated circular RNA circ-102004 that promotes cell 

proliferation in prostate cancer. International Journal of Biological Macromolecules, 122, 

pp.1235–1243. 

149. Slack, F.J. and Chinnaiyan, A.M. (2019). The Role of Non-coding RNAs in Oncology. Cell, 

179(5), pp.1033–1055. 

150. Song, Z., Zhuo, Z., Ma, Z., Hou, C., Chen, G. and Xu, G. (2019). Hsa_Circ_0001206 is 

downregulated and inhibits cell proliferation, migration and invasion in prostate cancer. 

Artificial Cells, Nanomedicine, and Biotechnology, 47(1), pp.2449–2464. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

151. Sun, M. and Abdollah, F. (2015). Re: AR-V7 and Resistance to Enzalutamide and 

Abiraterone in Prostate Cancer. European Urology, 68(1), pp.162–163. 

152. Suzuki, H. (2006). Characterization of RNase R-digested cellular RNA source that consists 

of lariat and circular RNAs from pre-mRNA splicing. Nucleic Acids Research, 34(8), 

pp.e63–e63. 

153. Stoll, L., Rodríguez-Trejo, A., Guay, C., Brozzi, F., Bayazit, M.B., Gattesco, S., Menoud, 

V., Sobel, J., Marques, A.C., Venø, M.T., Esguerra, J.L.S., Barghouth, M., Suleiman, M., 

Marselli, L., Kjems, J., Eliasson, L., Renström, E., Bouzakri, K., Pinget, M. and Marchetti, 

P. (2020). A circular RNA generated from an intron of the insulin gene controls insulin 

secretion. Nature Communications, 11(1). 

154. Swinnen, J.V., Van Veldhoven, P.P., Esquenet, M., Heyns, W. and Verhoeven, G. (1996). 

Androgens markedly stimulate the accumulation of neutral lipids in the human prostatic 

adenocarcinoma cell line LNCaP. Endocrinology, 137(10), pp.4468–4474. 

155. Szabo, L., Morey, R., Palpant, N.J., Wang, P.L., Afari, N., Jiang, C., Parast, M.M., Murry, 

C.E., Laurent, L.C. and Salzman, J. (2016). Erratum to: Statistically based splicing detection 

reveals neural enrichment and tissue-specific induction of circular RNA during human fetal 

development. Genome Biology, 17(1). 

156. Tan, G.H., Nason, G., Ajib, K., Woon, D.T.S., Herrera-Caceres, J., Alhunaidi, O. and Perlis, 

N. (2019). Smarter screening for prostate cancer. World Journal of Urology, [online] 37(6), 

pp.991–999. 

157. Tang, L., Li, P., Jang, M. and Zhu, W. (2021). Circular RNAs and Cardiovascular 

Regeneration. Frontiers in Cardiovascular Medicine, 8. 

158. Tang, Y., Liu, J., Li, X. and Wang, W. (2021). Exosomal circRNA HIPK3 knockdown 

inhibited cell proliferation and metastasis in prostate cancer by regulating miR-212/BMI-1 

pathway. Journal of Biosciences, 46(3). 

159. Tao,M., Zheng, M., Xu, Y.,Ma, S., Zhang,W., and Ju, S. (2021). CircRNAs and Their 

Regulatory Roles in Cancers. Mol. Med. 2794, 94. 

160. Taulli, R., Loretelli, C. and Pandolfi, P.P. (2013). From pseudo-ceRNAs to circ-ceRNAs: a 

tale of cross-talk and competition. Nature Structural & Molecular Biology, 20(5), pp.541–

543. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

161. Tian, M., Xue, J., Dai, C., Jiang, E., Zhu, B. and Pang, H. (2021). CircSLC8A1 and circNFIX 

can be used as auxiliary diagnostic markers for sudden cardiac death caused by acute 

ischemic heart disease. Scientific Reports, [online] 11(1), p.4695. 

162. Ummanni, R., Mundt, F., Pospisil, H., Venz, S., Scharf, C., Barett, C., Fälth, M., 

Köllermann, J., Walther, R., Schlomm, T., Sauter, G., Bokemeyer, C., Sültmann, H., 

Schuppert, A., Brümmendorf, T.H. and Balabanov, S. (2011). Identification of Clinically 

Relevant Protein Targets in Prostate Cancer with 2D-DIGE Coupled Mass Spectrometry and 

Systems Biology Network Platform. PLoS ONE, 6(2), p.e16833. 

163. Umekage, S., and Kikuchi, Y. (2009). In Vitro and In Vivo Production and Purification of 

Circular RNA Aptamer. J. Biotechnol. 139, 265–272. 

164. Van der Feltz, C. and Hoskins, A.A. (2019). Structural and functional modularity of the U2 

snRNP in pre-mRNA splicing. Critical Reviews in Biochemistry and Molecular Biology, 

54(5), pp.443–465. 

165. Vincent, H.A. and Deutscher, M.P. (2006). Substrate Recognition and Catalysis by the 

Exoribonuclease RNase R. Journal of Biological Chemistry, 281(40), pp.29769–29775. 

166. Visakorpi, T., Hyytinen, E., Koivisto, P., Tanner, M., Keinänen, R., Palmberg, C., Palotie, 

A., Tammela, T., Isola, J. and Kallioniemi, Olli-P. (1995). In vivo amplification of the 

androgen receptor gene and progression of human prostate cancer. Nature Genetics, 9(4), 

pp.401–406. 

167. Vo, J.N., Cieslik, M., Zhang, Y., Shukla, S., Xiao, L., Zhang, Y., Wu, Y.-M., Dhanasekaran, 

S.M., Engelke, C.G., Cao, X., Robinson, D.R., Nesvizhskii, A.I. and Chinnaiyan, A.M. 

(2019). The Landscape of Circular RNA in Cancer. Cell, [online] 176(4), pp.869-881.e13. 

168.  Wang, D. and Farhana, A. (2020). Biochemistry, RNA Structure. [online] PubMed. 

Available at: https://www.ncbi.nlm.nih.gov/books/NBK558999/. 

 

169. Wang, D., Yan, S., Wang, L., Li, Y. and Qiao, B. (2021). circSLC8A1 Acts as a Tumor 

Suppressor in Prostate Cancer via Sponging miR-21. BioMed Research International, 2021, 

pp.1–9. 

170. Wang, K., Singh, D., Zeng, Z., Coleman, S.J., Huang, Y., Savich, G.L., He, X., 

Mieczkowski, P., Grimm, S.A., Perou, C.M., MacLeod, J.N., Chiang, D.Y., Prins, J.F. and 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

Liu, J. (2010). MapSplice: Accurate mapping of RNA-seq reads for splice junction 

discovery. Nucleic Acids Research, 38(18), pp.e178–e178. 

171. Wang, X., Li, H., Lu, Y. and Cheng, L. (2021). Regulatory Effects of Circular RNAs on 

Host Genes in Human Cancer. Frontiers in Oncology, 10. 

172. Wang, X., Wang, R., Wu, Z. and Bai, P. (2019). Circular RNA ITCH suppressed prostate 

cancer progression by increasing HOXB13 expression via spongy miR-17-5p. Cancer Cell 

International, 19(1). 

173. Westholm, J.O., Miura, P., Olson, S., Shenker, S., Joseph, B., Sanfilippo, P., Celniker, S.E., 

Graveley, B.R. and Lai, E.C. (2014). Genomewide analysis of Drosophila circular RNAs 

reveals their structural and sequence properties and age-dependent neural accumulation. Cell 

reports, [online] 9(5), pp.1966–1980. 

174. Wesselhoeft, R.A., Kowalski, P.S. and Anderson, D.G. (2018). Engineering circular RNA 

for potent and stable translation in eukaryotic cells. Nature Communications, 9(1). 

175. Wilusz, J.E. and Sharp, P.A. (2013). A Circuitous Route to Noncoding RNA. Science, 

340(6131), pp.440–441. 

176. Wu, G., Sun, Y., Xiang, Z., Wang, K., Liu, B., Xiao, G., Niu, Y., Wu, D. and Chang, C. 

(2019). Preclinical study using circular RNA 17 and micro RNA 181c-5p to suppress the 

enzalutamide-resistant prostate cancer progression. Cell Death & Disease, [online] 10(2), 

pp.1–14. 

177. Wu, Y.-P., Lin, X.-D., Chen, S.-H., Ke, Z.-B., Lin, F., Chen, D.-N., Xue, X.-Y., Wei, Y., 

Zheng, Q.-S., Wen, Y.-A. and Xu, N. (2020). Identification of Prostate Cancer-Related 

Circular RNA Through Bioinformatics Analysis. Frontiers in Genetics, 11. 

178. Wu, W., Ji, P. and Zhao, F. (2020). CircAtlas: an integrated resource of one million highly 

accurate circular RNAs from 1070 vertebrate transcriptomes. Genome Biology, 21(1). 

179. www.arraystar.com. (n.d.). Circular RNA Array Service | Arraystar. 

180. Xia, Q., Ding, T., Zhang, G., Li, Z., Zeng, L., Zhu, Y., Guo, J., Hou, J., Zhu, T., Zheng, J. 

and Wang, J. (2018). Circular RNA Expression Profiling Identifies Prostate Cancer- Specific 

circRNAs in Prostate Cancer. Cellular Physiology and Biochemistry, [online] 50(5), 

pp.1903–1915. 
Ahm

ad
 Alsh

ikh
 Sale

h



 

 

181. Xiang, Z., Xu, C., Wu, G., Liu, B. and Wu, D. (2019). CircRNA-UCK2 Increased TET1 

Inhibits Proliferation and Invasion of Prostate Cancer Cells Via Sponge MiRNA-767-5p. 

Open Medicine, [online] 14, pp.833–842. 

182. Xia, S., Feng, J., Lei, L., Hu, J., Xia, L., Wang, J., Xiang, Y., Liu, L., Zhong, S., Han, L. and 

He, C. (2016). Comprehensive characterization of tissue-specific circular RNAs in the 

human and mouse genomes. Briefings in Bioinformatics, p.bbw081. 

183. Xia, X., Tang, X. and Wang, S. (2019). Roles of CircRNAs in Autoimmune Diseases. 

Frontiers in Immunology, 10. 

184. Xie, X., Sun, F.-K., Huang, X., Wang, C.-H., Dai, J., Zhao, J.-P., Fang, C. and He, W. (2021). 

A circular RNA, circSMARCA5, inhibits prostate cancer proliferative, migrative, and 

invasive capabilities via the miR-181b-5p/miR-17-3p-TIMP3 axis. Aging, 13(15), 

pp.19908–19919. 

185. Xin, C., Huang, F., Wang, J., Li, J. and Chen, Q. (2021). Roles of circRNAs in cancer 

chemoresistance (Review). Oncology Reports, 46(4). 

186. Xuan, L., Qu, L., Zhou, H., Wang, P., Yu, H., Wu, T., Wang, X., Li, Q., Tian, L., Liu, M. 

and Sun, Y. (2016). Circular RNA: a novel biomarker for progressive laryngeal cancer. 

American journal of translational research, [online] 8(2), pp.932–9. 

187. Xue, J., Chen, C., Luo, F., Pan, X., Xu, H., Yang, P., Sun, Q., Liu, X., Lu, L., Yang, Q., 

Xiao, T., Dai, X., Luo, P., Lu, J., Zhang, A. and Liu, Q. (2017). CircLRP6 Regulation of 

ZEB1 via miR-455 Is Involved in the Epithelial-Mesenchymal Transition During Arsenite-

Induced Malignant Transformation of Human Keratinocytes. Toxicological Sciences, 

162(2), pp.450–461. 

188. Yan, D., Dong, X.D., Chen, X., Wang, L., Lu, C., Wang, J., Qu, J. and Tu, L. (2009). 

MicroRNA-1/206 Targets c-Met and Inhibits Rhabdomyosarcoma Development. Journal of 

Biological Chemistry, 284(43), pp.29596–29604. 

189. Yan, Z., Xiao, Y., Chen, Y. and Luo, G. (2020). Screening and identification of epithelial-

to-mesenchymal transition-related circRNA and miRNA in prostate cancer. Pathology - 

Research and Practice, 216(2), p.152784. 

190. Yang, D., Yang, B., Zhu, Y., Xia, Q., Zhang, Y., Zhu, X., Guo, J., Ding, T. and Zheng, J. 

(2021). Circular RNA-DPP4 serves an oncogenic role in prostate cancer progression through 

regulating miR-195/cyclin D1 axis. Cancer Cell International, 21(1). 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

191. Yang, F., Zhu, P., Guo, J., Liu, X., Wang, S., Wang, G., Liu, W., Wang, S. and Ge, N. (2017). 

Circular RNAs in thoracic diseases. Journal of Thoracic Disease, 9(12), pp.5382–5389. 

192. Yang, P., Qiu, Z., Jiang, Y., Dong, L., Yang, W., Gu, C., Li, G. and Zhu, Y. (2016). Silencing 

of cZNF292 circular RNA suppresses human glioma tube formation via the Wnt/β-catenin 

signaling pathway. Oncotarget, 7(39), pp.63449–63455. 

193. Yang, L., Zou, X., Zou, J. and Zhang, G. (2021). Functions of circular RNAs in bladder, 

prostate and renal cell cancer (Review). Molecular Medicine Reports, 23(5). 

194. Yang, P., Qiu, Z., Jiang, Y., Dong, L., Yang, W., Gu, C., Li, G. and Zhu, Y. (2016). Silencing 

of cZNF292 circular RNA suppresses human glioma tube formation via the Wnt/β-catenin 

signaling pathway. Oncotarget, 7(39), pp.63449–63455. 

195. Yang, Y., Fan, X., Mao, M., Song, X., Wu, P., Zhang, Y., Jin, Y., Yang, Y., Chen, L.-L., 

Wang, Y., Wong, C.C., Xiao, X. and Wang, Z. (2017). Extensive translation of circular 

RNAs driven by N 6 -methyladenosine. Cell Research, [online] 27(5), pp.626–641. 

196. Yang, W., Du, W.W., Li, X., Yee, A.J. and Yang, B.B. (2015). Foxo3 activity promoted by 

non-coding effects of circular RNA and Foxo3 pseudogene in the inhibition of tumor growth 

and angiogenesis. Oncogene, 35(30), pp.3919–3931. 

197. Yong, W., Deng, S., Tan, Y. and Li, S. (2021). Circular RNA circSLC8A1 inhibits the 

proliferation and invasion of non-small cell lung cancer cells through targeting the miR-

106b-5p /FOXJ3 axis. Cell Cycle, pp.1–10. 

198. Yang, Z., Qu, C.-B., Zhang, Y., Zhang, W.-F., Wang, D.-D., Gao, C.-C., Ma, L., Chen, J.-

S., Liu, K.-L., Zheng, B., Zhang, X.-H., Zhang, M.-L., Wang, X.-L., Wen, J.-K. and Li, W. 

(2018). Dysregulation of p53-RBM25-mediated circAMOTL1L biogenesis contributes to 

prostate cancer progression through the circAMOTL1L-miR-193a-5p-Pcdha pathway. 

Oncogene, 38(14), pp.2516–2532. 

199. YOO, N.J., HUR, S.Y., KIM, M.S., LEE, J.Y. and LEE, S.H. (2010). Immunohistochemical 

analysis of RNA-induced silencing complex-related proteins AGO2 and TNRC6A in 

prostate and esophageal cancers. APMIS, 118(4), pp.271–276. 

200. Yu, C.-Y., Liu, H.-J., Hung, L.-Y., Kuo, H.-C. and Chuang, T.-J. (2014). Is an observed non-

co-linear RNA product spliced intrans, incisor justin vitro? Nucleic Acids Research, 42(14), 

pp.9410–9423. 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

201. Yuasa-Kawada, J., Kinoshita-Kawada, M., Rao, Y. and Wu, J.Y. (2009). Deubiquitinating 

enzyme USP33/VDU1 is required for Slit signaling in inhibiting breast cancer cell migration. 

Proceedings of the National Academy of Sciences, 106(34), pp.14530–14535. 

202. Zeng, Y., Du, W.W., Wu, Y., Yang, Z., Awan, F.M., Li, X., Yang, W., Zhang, C., Yang, Q., 

Yee, A., Chen, Y., Yang, F., Sun, H., Huang, R., Yee, A.J., Li, R.-K., Wu, Z., Backx, P.H. 

and Yang, B.B. (2017). A Circular RNA Binds To and Activates AKT Phosphorylation and 

Nuclear Localization Reducing Apoptosis and Enhancing Cardiac Repair. Theranostics, 

7(16), pp.3842–3855. 

203. Zhang, G., Liu, Y., Yang, J., Wang, H. and Xing, Z. (2021). Inhibition of circ_0081234 

reduces prostate cancer tumor growth and metastasis via miR‐1/MAP3K1 axis. The Journal 

of Gene Medicine. 

204. Zhang, M., Zhao, K., Xu, X., Yang, Y., Yan, S., Wei, P., Liu, H., Xu, J., Xiao, F., Zhou, H., 

Yang, X., Huang, N., Liu, J., He, K., Xie, K., Zhang, G., Huang, S. and Zhang, N. (2018). A 

peptide encoded by circular form of LINC-PINT suppresses oncogenic transcriptional 

elongation in glioblastoma. Nature Communications, 9(1). 

205. Zhang, S., Zhang, X., Chen, G., Zheng, X., Zhu, X. and Shan, L. (2020). Hsa_circ_0007494 

suppresses prostate cancer progression via miR-616/PTEN axis. Experimental Cell 

Research, [online] 395(2), p.112233. 

206. Zhang, X.O., Wang, H.-B., Zhang, Y., Lu, X., Chen, L.-L. and Yang, L. (2014). 

Complementary Sequence-Mediated Exon Circularization. Cell, 159(1), pp.134–147. 

207. Zhang, Y., Shi, Z., Li, Z., Wang, X., Zheng, P. and Li, H. (2020). Circ_0057553/miR-515-

5p Regulates Prostate Cancer Cell Proliferation, Apoptosis, Migration, Invasion and Aerobic 

Glycolysis by Targeting YES1. OncoTargets and Therapy, Volume 13, pp.11289–11299. 

208. Zhang, Y., Wang, X., Zhang, X., Wang, J., Ma, Y., Zhang, L. and Cao, X. (2018). RNA-

binding protein YTHDF3 suppresses interferon-dependent antiviral responses by promoting 

FOXO3 translation. Proceedings of the National Academy of Sciences, 116(3), pp.976–981. 

209. Zhang, Y., Zhang, X.-O., Chen, T., Xiang, J.-F., Yin, Q.-F., Xing, Y.-H., Zhu, S., Yang, L. 

and Chen, L.-L. (2013). Circular Intronic Long Noncoding RNAs. Molecular Cell, [online] 

51(6), pp.792–806. 

210. Zheng, X., Chen, L., Zhou, Y., Wang, Q., Zheng, Z., Xu, B., Wu, C., Zhou, Q., Hu, W., Wu, 

C. and Jiang, J. (2019). A novel protein encoded by a circular RNA circPPP1R12A promotes 

Ahm
ad

 Alsh
ikh

 Sale
h



 

 

tumor pathogenesis and metastasis of colon cancer via Hippo-YAP signaling. Molecular 

Cancer, 18(1). 

211. Zheng, Y., Chen, C., Lin, Z., Li, J., Liu, J., Lin, F. and Zhou, X. (2020). Circ_KATNAL1 

regulates prostate cancer cell growth and invasiveness through the miR-145-3p/WISP1 

pathway. Biochemistry and Cell Biology, 98(3), pp.396–404. 

212. Zhou, R., Wu, Y., Wang, W., Su, W., Liu, Y., Wang, Y., Fan, C., Li, X., Li, G., Li, Y., 

Xiong, W. and Zeng, Z. (2018). Circular RNAs (circRNAs) in cancer. Cancer Letters, 425, 

pp.134–142. 

213. Zhong, Z., Huang, M., Lv, M., He, Y., Duan, C., Zhang, L. and Chen, J. (2022). Corrigendum 

to “Circular RNA MYLK as a competing endogenous RNA promotes bladder cancer 

progression through modulating VEGFA/VEGFR2 signaling pathway” [Cancer Letter 

403(2017) 305–317]. Cancer Letters, 534, p.215631. 

214. Zoncu, R., Efeyan, A. and Sabatini, D.M. (2010). mTOR: from growth signal integration to 

cancer, diabetes and ageing. Nature Reviews Molecular Cell Biology, [online] 12(1), pp.21–

35. 

 

 

 

 

 

Ahm
ad

 Alsh
ikh

 Sale
h




