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ABSTRACT
A newly revived area of research in the field of RNA is the circular RNA (circRNA). Although only very

recently identified to be a pertinent player in the regulation of cellular processes, it has become a hotspot for
research regarding many disease processes. Due to their unique structural properties they have caught the
attention of scientists as potential biomarkers of disease. Moreover, as they have been found to have global
influence on cellular processes, they are also thought to have potential as novel therapeutic targets. Here we
review the salient features of circular RNAs and provide an update on the studies which explore the
relationship between circular RNAs and colorectal cancer.
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INTRODUCTION

Colorectal cancer (CRC) is the third most common cancer worldwide (1) accounting for morbidity,
mortality and economic burden in developing and developed countries alike. Although recognized as a great
health problem and continuous efforts being made in improving the screening, diagnostic and therapeutic
practices all over the world, the incidence of CRC is still increasing, especially in the younger age group (2).
Therefore, it is of utmost importance that novel methods be sought to improve the diagnosis and treatment of
this condition.

Long non-coding RNAs (IncRNAs) are a class of transcripts which are known to influence every step of
the gene expression pathway (3, 4). Circular RNAs (circRNAs) are a class of regulatory non-coding RNAs which
were first discovered in the 1970s (5, 6). Since then, although this species of RNA were identified in several
other studies (7-11), they were mostly dismissed as “junk” and labeled transcription errors, products of
aberrant RNA splicing and so remained understudied for decades. However, with advances in high throughput
RNA sequencing technologies, researchers have revealed circRNAs are infact abundant, stable and naturally
occurring in eukaryotic cells (12) and are associated with many disease processes in humans. In the present
day, circRNAs have reemerged as a hotspot for research in the field of RNA.

The phenomenon of circularization of RNA in CRC was first identified by Renkonen et al a decade ago,
but the authors were unaware of its biological and clinical significance. However, even then, they hinted
towards possible use of these “unusual” products in diagnosis and screening of CRC (13). With accumulating
evidence in the present day, their prediction may soon be a reality in clinical practice.

We aim to summarize the recent works that explore the relationship between circRNA and CRC in this
review after a brief appraisal of the general features of circRNA.

Structure of circRNAs:

CircRNAs have a unique structural difference from other IncRNAs in that they do not possess 5’ caps
and 3’ polyadenylated tails. This difference accounts for the inability detecting these species of RNA by
traditional molecular methods that relied on a polyadenylated free RNA end or poly(A) enrichment of samples
(14). Infact their 3’ and 5’ ends are covalently linked to form the characteristic circular structure, via the so-
called “back-splicing” mechanism in which a splice donor is joined to an upstream splice acceptor (12). Several
mechanisms for the biogenesis of circRNAs have been postulated: intron-pairing driven circularization (12),
RBP pairing driven circularization (15, 16), lariat-driven circularization (exon skipping) (12) and co- or post-
transcriptional biogenesis (16).

General properties of circRNA:

Abundance: circRNAs are synthesized from >14% of transcribed human fibroblasts and they can be
considerably more abundant than associated linear transcripts (12, 17). Resistance: circRNAs seem to be
resistant to RNase R activity, an exonuclease that degrades linear RNA molecules (17). This property is utilized

by the new generation molecular methods to isolate circRNAs in experimental models (14). Stability: circRNAs
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are very stable in cells with a half life of about 48 hours (12). Specificity: numerous circRNAs have been
identified that are cell-type and developmental stage specific (17, 18).

Because of these special properties, circRNAs could be considered as ideal potential candidates of
clinically applicable biomarkers. Moreover, the correlation between the expression of exosomal proteins,
microRNAs (miRNAs) and circRNAs could increase the sensitivity and specificity of diagnostic tests. Studies
have also concluded that there are distinct circRNAs expressed in different clinical conditions (19).
Additionally, circRNAs were reproducibly and easily detected in standard clinical blood samples and in human
saliva (20, 21), and were also found to be transported to exosomes where they were found to be stable and in
high quantities (22, 23), highlighting that circRNAs are indeed promising candidates of biomarkers for human
diseases.

circRNAs are generally classified as (i) sense or exonic - comprising of exons of a linear transcript, (ii)
intronic - containing intron of a linear transcript, (iii) antisense - overlapping exon(s) of the opposite strand,
(iv) intragenic - transcribed from the same gene locus of the linear transcript but cannot be classified as exonic
or intronic, (v) exonic intronic - containing both exons and retained introns and (vi) intergenic - located
between 2 genes (24). Exonic circRNAs tend to be located in the cytoplasm (25) while intronic RNAs (ciRNAs)
and exonic intronic (EIciRNAs) tend to be located in the nucleus (26).

Proposed functions of circRNAs:

miRNA sponge: miRNAs are a class of small non-coding RNAs that have been shown to be indispensable to the
cellular life processes. Some circRNAs have been found to function as “sponges” of miRNAs, i.e. they sequester
these miRNAs and affect their downstream functions (protein translation, gene expression etc.) (18). A very
well studied example is the ciRS-7/CDR1as which contains >70 binding sites for miR-7 (12), which in turn is
speculated to be central in many disease processes such as glioblastoma, tongue squamous cell carcinoma,
neurodegenerative disorders etc. (27-30). miR-7 was also found to be instrumental in up- and down-regulation
of various oncogenic factors in cancer related signaling such as EGFR (30), Pak1 (31), IRS-1 (32), mTOR (33),
IGF1R (34).

SrycircRNA, a circRNA found in mouse testis, is another sponge of miRNA which was found to have 16
putative binding sites for miR-138 (18).

Very recently, hsa_circ_0005986 was identified as a sponge of miR-129-5p and its downregulation
accelerated cell proliferation by promoting the GO/G1 to S phase transition in hepatocellular carcinoma (35).
Some other RNAs that have been identified as miRNA sponges include circITCH (36, 37), circFoxo3 (38),
circHRCR (39), circHIPK3 (40, 41), hsa_circ_001569 (42), circABCB10 (43).

The sponging activity was supported by a study in which circRNAs were found to be devoid of single
nucleotide polymorphisms in miRNA binding sites (44). However, since very few mammalian circRNAs are
found to have more than 10 miRNA binding sites, it is debatable whether miRNA sponge activity is general of
all circRNA (14).
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Transcription regulation: circRNA circMbl is generated from the locus of splicing factor MBL. circMbl renders
the pre-mRNA non-productive, thus significantly affecting production of MBL protein (16). ciRNAs and
EIciRNAs have little enrichment of miRNA binding sites and the knockdown of these circular RNAs was found
to lead to reduced expression of their parent genes (17, 26). Furthermore, researchers have also found that the
interaction of EIciRNAs with U1snRNP and RNA polymerase II could enhance the transcription of their parental
genes (45). Similarly, circITCH and its interaction with miR-7, miR-17 and miR-214 could increase the levels of
ITCH itself (36, 37).

Protein translation: researchers have found that circRNAs could translate proteins in vitro (46) and in vivo
(47) if they possess internal ribosome entry sites (IRES) or prokaryotic ribosome binding sites. Till date, at
least one naturally occurring circular RNA - HDV, a satellite virus of hepatitis B virus - is known to encode a
single protein in eukaryotic cells (7). However, there have been no experimental evidence showing that

naturally occurring endogenous circRNAs can code for proteins.

DISCUSSION
Circular RNAs in Colorectal Cancer:

In the recent years a few studies that explore the relationship between circular RNA and CRC have
been concluded. Below we summarize the pertinent findings of these studies. Table 1 provides a summary of

the different circular RNAs that have been identified in colorectal cancer.

circRNA Chromos | Gene Regulatio | miRNA Functional Referenc
-ome n associate | target e
d
hsa_circ_001988 chr4 FBXW?7 | Down - - (48)
circCCDC66 chr3 CCDC6 | Up miR-33b, | MYC (49)
6 miR-93
ciRS-7 chrX CDR1 |[Up miR-7 EGFR/RAF1/M | (34)
APK
Cir-ITCH Down miR-7, Wnt-f3 catenin (37)
miR-20a
hsa_circ_0000069 chrl STIL Up (50)
circRNA_001569 chr16 ABCC1 | Up miR-145 | E2F5/BAG4/F | (42)
MNL2
circ-BANP chr16 BANP | Up - PI3k/Akt (51)
229
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hsa_circRNA_10380 | chr5 ZFR Down - - (21)
9
hsa_circ. RNA10470 | chr8 PTK2 Down - - (21)
0
hsa_circ_0001649 chré SHPRH | Down - - (52)
hsa_circ_0014717 chrl CCT3 Down - pl16/CDK4/RB | (53)
hsa_circ_0020397 chr10 DOCK1 | Up miR-138 | TERT/PDL-1 (54)
hsa_circ_0071589 chr4 FAT1 Up miR-600 | EZH2/p53 (55)
hsa_circ_000984 chr7 CDK6 Up miR-106b | CDK (56)
circRNA_100290 chrl SLC30 | Up miR-516b | FZD4/Wnt-3 (57)
A7 catenin
circRNA_0003906 chré - Down - - (58)
circ_HIPK3 chrl1 HIPK3 | Up miR-7 FAK/IGF1R/EG | (59)
FR/YY1
(hsa_circ_0000284)
ciRS-7 chrX CDR1 | Up miR-7 EGFR/RAF1/M | (60)
APK
circ_0026344 chr12 ACVRL | Down miR-21 - (61)
1
miR-31
hsa_circ_0055625 chr2 DUSP2 | Up miR-106b | ITGB8 (62)
hsa_circ_0136666 chr8 PRKDC | Up miR-136 | SH2B1 (63)
hsa_circRNA_10380 | chr5 ZFR Down miR-532- | FOX04 (64)
9 3p
circDDX17 chr22 DDX17 | Down miR-21- - (65)
S5p
hsa_circ_0006508 chrl7 VMP1 | Up - - (65)
hsa_circ_0007534 chrl7 DDX42 | Up - - (66)
Table 1: Circular RNAs identified in colorectal cancers
230
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Circular RNAs as diagnostic markers in CRC:

As mentioned previously, circRNAs can be reproducibly and relatively easily be detected in clinical
blood samples. Similarly, expression level of circRNA in exosomes was found to be more abundant than in the
CRC cells themselves (22). In addition to being an evidence for the potential use of circRNA as an early
diagnostic marker in CRC, this could also signify that circRNAs could have as yet undiscovered extracellular or
endocrine effects. Some other circRNAs studied have been proposed as potential diagnostic markers.
Hsa_circ_001988 is a downregulated circRNA whose sensitivity and specificity on ROC analysis was 0.68 and
0.73 respectively with area under the curve (AUC) of 0.788 (95% CI = 0.68-0.90, P<0.001) (48). Additionally,
its decreased expression was significantly correlated with perineural invasion and differentiation, but the
terms of this relationship have not been specified by the authors. circCCDC66 is an upregulated circRNA, whose
AUC was 88% making it a good diagnostic biomarker (49). Similarly, it was reported that the AUC of
hsa_circRNA_103809 and hsa_circRNA_104700 were 0.699 (p<0.0001) and 0.616 (p<0.0001) respectively
(21). circRNA0003906 was also identified to have an AUC of 0.818 (95% CI = 0.749-0.888) (58). The sensitivity
and specificity of hsa_circ_0001649 were 0.828 and 0.781, respectively, and AUC was 0.857 (52). Similarly, AUC
for ROC of hsa_circ_0014717 was 0.683 (p=0.001) (53).

Taken collectively, circRNAs have the promise of being a novel diagnostic biomarker for CRC which, at
least, can be used in addition to the existing diagnostic methods to perhaps increase the diagnostic yield. More

research looking into this potential role is required.
Circular RNAs as prognostic markers CRC:

Circular RNA expression has been shown to be associated with clinicopathological parameters in CRC
in many studies thereby serving as prognostic indicators. circCCDC66, for example, was found to promote cell
proliferation, migration and metastasis. It was overexpressed in CRC cells and higher expression levels were
associated with poorer prognosis (49). ciRS-7 expression was found to be correlated with advanced tumor
stage, tumor depth and metastasis. It was also found to be an independent risk factor for overall survival (34,
60). Similarly, decreased expression of hsa_circ_0014717, circ_0026344 was found to be associated with
significantly shorter overall survival in CRC patients (53, 61). On the other hand, higher expression levels of
hsa_circ_0071589, circHIPK3, hsa_circ_0136666, were associated with poorer prognosis in CRC patients (55,
59, 63).

Circular RNAs as markers for directing therapy and monitoring therapeutic efficacy in
CRC:

The therapy of colorectal cancer is based upon the TNM classification and the stage of the disease. Such
classification has helped clinicians to carefully categorize patients and select appropriate patients for the most
appropriate therapy greatly improving the quality of care and outcomes. In recent times circular RNAs are also
emerging as potential markers for directing therapy. Expression of circular RNAs in CRC tissues, whether

increased or decreased, have been shown to correlate with the stage of disease. Overexpression of ciRS-7
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correlates with advanced tumor stage, tumor depth and metastasis (34). Similarly, overexpression of
hsa_circ_0000069, circ_001569, hsa_circ_0055625, hsa_circ_0071589, hsa_circ_0007534, hsa_circ_000984
have been shown to correlate with tumor characteristics like pathological grade of differentiation, tumor depth,
nodal and distal metastases (42, 50, 56, 62, 66). Meanwhile, the downregulated circular RNAs having significant
association with tumor characteristics are hsa_circRNA_103809, hsa_circRNA_104700, hsa_circ_0001649,
hsa_circ_0014717, circRNA0003906, circ_0026344 and circDDX17 (21, 52, 53, 57, 61, 65). That said, not all of
the mentioned circular RNAs show the same association with clinicopathologic characteristics and each
circular RNA could have its own unique role either singly or in combination. Perhaps future research could
shed light on this issue. Moreover, in one study circular RNA was proposed to have the potential to serve as a
marker for monitoring therapeutic efficacy in CRC. Hsa_circ_0001649 was found to be downregulated not only
in CRC tissue samples but also in corresponding serum samples (52). After surgical removal of tumors, the
serum levels were significantly elevated compared to pre-operative levels. This could signify that circular RNAs
could have a role in post-therapeutic surveillance of CRC in adjunct to methods currently applied in clinical
practice.
Circular RNAs as markers of resistance to therapy in CRC:

Chemoradiotherapy, as an adjunctive or singular modality, plays a crucial role in the management of
CRC patients along with surgical resection of tumor. However, it is well established that not all patients with
CRC need chemoradiotherapy and among those who do require some form of adjunctive therapy, not all
patients will benefit from it. Much attention has been attracted by this clinical problem. Currently, genetic
testing in combination with pathological characterization of tumor tissues help guide clinicians in identifying
and selecting appropriate patients for chemoradiotherapy. Circular RNAs could also serve this purpose.
Hsa_circ_0007031 was found to interact with micro RNAs (discussed below) to promote chemoradiotherapy

resistance in CRC (67).

Interaction between circular RNAs and micro RNAs in CRC:
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Figure 1: [llustration of the interaction between circular RNAs and micro RNAs in the pathogenesis of
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colorectal cancer

Circular RNAs are known to interact with micro RNAs and thus have varying effects by regulating the
activities of downstream targets. Figure 1 provides an illustration of the interactions between circular RNAs
and micro RNAs discovered in colorectal cancer so far. Here we briefly summarize these ineractions.

Hsa_circ_0020397 was found to inhibit the function of miR-138 thus, upregulating the targets of miR-
138, TERT and PDL1, which are involved in regulating cancer cell growth; TERT stabilizes telomere length
thereby immortalizing cancer cells, whereas PDL1 inhibits T-cell activity and cancer cell apoptosis (54).
Hsa_circ_0071589 could bind to miR-600 and inhibit its tumor suppressive effects through EZH2 suppression
(55). Hsa_circ_000984 acted as a sponge of miR-106b and upregulated its downstream target CDK6, which is a
well-known contributing factor in a variety of cancers by regulation of cell cycle (56).

Wnt/B-catenin signaling pathway is abnormally activated in CRC and FZD4 serves as a receptor in this
signaling pathway. circRNA_100290 was shown to promote FZD4 expression by inhibiting miR-516b (57).
circHIPK3 was found to sponge miR-7, a well-known tumor suppressor, and contribute to tumor progression
by increasing the expression of miR-7 targets - FAK, IGF1R, EGFR and YY1 (59). ciRS-7 also acts as a sponge of
miR-7. Weng et al found that ciRS-7 could suppress miR-7 activity and thereby activate the EGFR/RAF1/MAPK
pathway, an important pathway in carcinogenesis (60). Similar function of ciRS-7 was also reported in another
study (34). circCCDC66 was found to be able to bind to miR-33b and miR-93 to promote the oncogenic activity
of the downstream target MYC (49). circ_0026344 also could bind to multiple miRNAs. It was shown to bind

miR-21 and miR-31 to inhibit carcinogenesis in CRC; thus, its downregulation could promote CRC (61).
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circ_001569 was shown to combine with miR-145, and up-regulate miR-145 targets E2F5, BAG4 and
FMNLZ2 to exert its tumor promoting function in CRC cells (42). Similarly, hsa_circ_0055625 was found to inhibit
the tumor suppressive role of miR-106b by binding to it, hence, increasing ITGB8 mRNA levels and promoting
tumor proliferation, migration and invasion (62). miR-136 is a tumor suppressor and SH2B1, and oncogene, is
a downstream target of miR-136. Hsa_circ_0136666 was found to function as a ceRNA of miR-136 to facilitate
expression of SH2B1 in CRC cells (63). In another study, it was speculated that hsa_circ_103809 competitively
binds to miR-532-5p which in turn regulates FOX04 activity of cell cycle progression and inhibition of apoptosis
(64).

Circular RNAs as regulators of cell cycle in CRC:

Hsa_circ_0014717 was shown to be able to upregulate the expression of the tumor suppressor p16 and
induce cell cycle arrest (53). It is known that p16 inhibits aberrant cell cycle progression by binding to CDK4
or CDKB6, thus blocking the formation of cyclin D/CDK4 or 6 complexes which leads to cell cycle arrest at G1/S
phase by inhibition of phosphorylation of RB. Hsa_circ_000984 was found to promote cell proliferation,
migration and invasion by sponging miR-106b and upregulating its downstream target CDK-6, which is a well-
known contributing factor in a variety of cancers by its regulation of cell cycle (56).

Analysis of function of circular RNAs in CRC:

A couple of studies have investigated the function of circular RNAs in CRC by utilizing the Gene
Ontology (GO) analysis and the Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis (68, 69). Zeng et al
identified differentially expressed circular RNAs in CRC tissues from patients with pulmonary metastasis
compared with those without. They reported that the genes producing upregulated circular RNAs were
involved in DNA repair and those producing downregulated circular RNAs were enriched in signal transduction
especially Wnt and NF-xf signaling (70). These are al major mechanisms identified in CRC pathogenesis. Li et
al reported that the host genes of differentially expressed circRNAs were associated with important CRC-
related pathways. The most enriched GO terms in their study were cell communication, autophagosome and
GTP binding (65). They also uncovered that circDDX17, the most significantly dysregulated circRNA in their
study, could potentially bind to hsa_miR_21_5p, which was involved in KEGG pathway for COLORECTAL
CANCER and MicroRNAs in cancer. In the same study, the authors found that another circRNA
hsa_circ_0006508 was significantly upregulated in CRC tissues. It was derived from the newly discovered
autophagy and CRC related gene VMP1. Thus, it could be speculated that hsa_circ_0006508 might be involved
in autophagy in CRC by regulating the host gene VMP1 (65).

In the study conducted by Chen et al the most enriched GO terms were cell cycle, mitotic cell cycle and
cell cycle process (71). Furthermore, the authors concluded that a new circular RNA hsa_circ_0126897_CBC1
could be involved in the regulation of cell proliferation, migration and invasion of CRC based on studies done

on its host gene SLC4A4 (71).
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One more circular RNA was identified by Zhang et al - hsa_circ_0007534 (66). It was upregulated in
CRC tissues and cell lines and its expression was correlated with higher tumor stage and lymph node

metastasis. No miRNA interaction was identified in this study.

CONCLUSION

Studies involving circRNAs, although being undertaken at a staggering rate, are still in their infancy.
The above discussion clearly supports the idea that this newly re-discovered non-coding RNA seems to have
global influence in carcinogenesis. However, studies that provide incontrovertible evidence of their central role
in cancer pathways are still lacking. Even fewer studies have related colorectal cancer with circRNAs. Studies
are heterogeneous in terms of their findings. Some circular RNAs that may be pro-carcinogenic in one type of
cancer may be anti-carcinogenic in another type of cancer. The explanation for this phenomenon is still unclear.
Till date, only two circular RNAs - ciRS-7 and hsa_circRNA_103809 - have been reproducibly shown to play a
role in CRC. It is still unclear what impact these sorts of findings have on clinical practice. In general, global
circRNA downregulation seems to be a general rule in colorectal cancer tissues. Pivotal roles have been
proposed for both upregulated as well as downregulated circRNAs, however, precise mechanisms of how these
circRNAs, downregulated or upregulated, are involved in cancer pathways need to be discovered. Several
studies have elaborated the circular RNA/micro RNA/downstream targets pathway in pathogenesis of cancers.
These pathways must be reproducible and such endeavors must be undertaken in the future. Similarly,
mechanisms of circRNA transport from nucleus to cytoplasm and their clearance are yet to be uncovered.

Although initial studies have shown promising results with regards to the usefulness of circRNAs as
diagnostic and prognostic biomarkers and potential therapeutic targets, more rigorous, large scale studies are
required to identify the most suitable circRNAs for translation of their utility to clinical practice. Research for
future therapies of some diseases have already begun to look into the potential role of circularization, i.e. to
either decrease circularization of functional transcripts or to sequester exons contributing to dysfunctional
transcripts (14, 72). Future researches will predictably be directed towards the possibilities of translation of
proteins from engineered or naturally occurring circRNAs and develop methods to identify clinical diagnostic

and prognostic biomarkers in easily accessible compartments of the body such as peripheral blood, saliva etc.
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