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SUMMARY
Most digestive system tumors have poor prognoses due to the lack of specific biomarkers. Circular RNAs
(circRNAs) regulate the expression of genes and play essential roles in digestive system tumorigenesis. Here we review circRNA functions in gastrointestinal tract tumors. CircRNAs are promising biomarkers for clinical applications for gastrointestinal tract tumors.
(Clin. Lab. 2018;64:xx-xx. DOI: 10.7754/Clin.Lab.2017.170731)
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INTRODUCTION
The digestive system consists of the gastrointestinal
tract, including the esophagus, stomach, and small and
large intestine, plus the accessory organs of digestion
such as the pancreas, liver, and gallbladder. The high
morbidity and mortality rates of digestive system cancers remain a critical health problem worldwide [1].
Molecular analyses of tumor tissues at different stages
of development have revealed genetic and expression
alterations during tumor development that are correlated
with its clinical aggressiveness.
Circular RNAs (circRNAs) are RNAs that are covalently closed loops and are stably expressed in various tissues. CircRNAs consist of exons from RNA transcripts
in human cells [2]. A growing number of studies has
hinted at the important functions of circRNAs in various biological processes [3]. CircRNAs have multiple
functions, including acting as miRNA sponges [4] and
modulating the expression of mRNA and proteins [5].
Furthermore, some circRNAs encode peptides [6]. CircRNA disorders could affect the development of various
cancers [7].
CircRNAs are produced by end-to-end formation of
RNA fragments during transcription. Although these
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biomarkers that may be utilized in the prognosis and
treatment of patients with gastrointestinal tract tumors
[36].

RNAs have been investigated for more than 40 years
[8], they did not attract enough attention until they were
observed to be highly expressed in various tissues [911]. CircRNAs often share the same transcript with
their corresponding linear isomers, although they are
formed via different splicing mechanisms [12,13]. In
certain cancers, circRNAs are abnormally expressed in
epithelial tumors such as laryngeal and digestive system
cancers [14-16] and in stromal tumors such as gliomas
[17]. Additionally, circRNAs play a strong regulatory
function in cancers [18,19]. Compared with mRNAs,
circRNAs are composed of a highly stable ring structure
that may be utilized in qRT-PCR analyses.

The function of circRNAs in human cancer
CircRNAs are widely involved in various physiological
and pathological processes, which include acting as an
miRNA sponge [4], binding RBPs [5], and translating
peptides [6,37]. CircRNAs acting as miRNA sponges
are generally related to tumorigenesis. These harbor
several miRNA binding sites that regulate miRNA and
downstream gene expression through a ceRNA mechanism, thereby contributing to tumor progression. Several studies have focused on the function of circRNAs in
human cancer [38]. CircRNAs are abundant in blood
and in higher amounts than corresponding linear
mRNAs, thereby suggesting that circRNAs may be utilized as novel biomarkers in standard clinical blood
samples [39].
Serum exosomes are membrane vesicles that are secreted by maternal cells that contain various proteins,
mRNAs, and miRNAs and have various functions including transmitting biological information and regulating the behavior of recipient cells [40,41]. More than
1,000 kinds of circRNAs occur in exosomes, and the
enrichment degree of circRNAs (exo-circRNAs) is significantly greater than mother cells that secrete the vesicles; therefore, the circRNA/linRNA ratio in exosomes
is also 6 - 10 times that of the mother cell [18]. This
conclusion has been extensively validated in lung, colorectal, breast, stomach, liver, and cervical cancer cell
lines [9]. Exo-circRNAs resist degradation by RNA
exonuclease and maintain stability after 24 hours of incubation in serum at room temperature. They can eliminate the inhibitory function of miRNAs in recipient
cells. Exo-circRNAs have been shown to stably exist in
serum and retain their original ring-like structure and biological function. Furthermore, their abundance is
closely related to the extent of the tumor load [18,42].

Biogenesis of circRNAs
During the formation of circRNAs, specific sequences
contribute to the generation of mature circRNAs by
back splicing [20]. Although the efficiency of back
splicing is much lower than in linear RNAs [3], circRNAs are highly abundant because of their stability and
relatively long half-life [21].
One linear RNA molecule can be processed into different types of RNAs, including mRNAs, circRNAs, and
lncRNAs through different splicing events. For example, HIPK3 pre-mRNAs can be spliced into HIPK3
mRNAs and its second exon can also form circRNA
hsa_circ_0018082 [22]. There is also competition between inverted splicing of circRNAs, mRNAs, and lncRNAs during splicing [23], which may be a regulatory
mechanism of circRNAs. Another regulatory protein is
the Quaking (QKI) protein, which binds to specific
downstream sites on the linear pre-mRNA sequence and
promotes cycling and inverted splicing of circRNAs
[24].
CircRNAs are less readily degraded than linear RNAs,
mRNAs, and lncRNAs [12]. Thus, circRNAs are often
predominant in extracellular spaces [18]. CircRNAs
may also be utilized as biomarkers that are more stable
than mRNAs or lncRNAs. CircRNAs play important
regulatory roles in tumorigenesis [25,26].

CircRNAs and colorectal cancer
A global reduction in circRNA abundance has been reported in CRC cell lines and tissues compared with that
in healthy tissues, which in turn is correlated with uncontrolled cell proliferation [43,44]. CircRNAs were
first associated with CRC using transcripts of DCC (deleted in CRC) [45]. The expression of circRNAs was reduced in tumor samples compared with that in normal
colon mucosa samples. Similar findings were reported
in 11 CRC cell lines, with even wider gaps in expression ratios [46]. A similar negative correlation between
the circRNA index and proliferation has been observed
in colon tissues and cell lines [46]. The back-splice machinery responsible for RNA circularization is dysfunctional in tumor cells, and this is due to an increase in its
degradation by onco miRNAs [46,47]. An upregulated
circRNA (circ_001569) has been reported to complex
with the tumor suppressor miR-145 [48]. MiR-145 has
been associated with patient survival after CRC diagno-

Digestive system tumor strategies
Traditional diagnostic approaches for gastrointestinal
tract tumors include X-ray fluoroscopy and gastric photo fluoroscopy [27]. Endoscopy is considered the gold
standard for confirming gastrointestinal tumor differentiation and grading. Slight changes have also been observed in early-stage gastrointestinal tract tumors [28].
Noninvasive or minimally invasive methods for identifying gastrointestinal tract tumors are thus imperative.
Blood- or serum-based biomarkers may thus improve
the screening and diagnosis of gastrointestinal tract tumors [29]. Blood biomarkers generally have low sensitivity, ranging from 36.8% to 62.3% [30-32].
Blood biomarkers currently used in digestive system tumor testing include CEA, CA19-9, and CA72-4, although some patients show no detectable levels of CEA
or CA19-9 [33-35]. There is currently a need to identify
novel and sensitive digestive system tumor-associated
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rence of stage III gastric cancer after radical surgery
[56].
Hsa_circ_002059 is significantly downregulated in gastric cancer tissues compared with matched adjacent
nontumor tissues. The lower expression levels were significantly correlated with distal metastasis and TNM
stage [57]. Using Agilent microarray technology to profile circRNA expression of GC tissues and normal tissues, a total of 1,285 differentially expressed circRNAs
were identified. The expression profiles of hsa_circRNA_400071, hsa_circRNA_000543, and hsa_circRNA_001959 coincided with the microarray analysis
results. Further analysis of the interactions between
circRNAs and miRNAs are warranted [58].

sis [49-51]. Expression of circ_001569 is significantly
higher in the CRC tissues (n = 30) and is correlated with
CRC aggressiveness, including distant metastasis and
poor differentiation. It is overexpressed in SW480 and
HCT116 and silenced in SW620 and LOVO. Overexpression of circ_001569 increases the proliferative
and invasive ability, whereas silencing of circ_001569
decreases proliferation and invasion rates. Circ_001569
increased the expression of E2F5, BAG4, and FMNL2
in SW480 and HCT116 cells, and knockdown of the
circRNA in SW620 and LOVO cells had the opposite
effect. Circ_001569 directly inhibits the regulatory activity of miR-145 in CRC cells and subsequently upregulates its protein targets E2F5, BAG4, and FMNL2 [48,
52].
Hsa_circ_001988 is downregulated in CRC [14]. CircRNAs are enriched with CRC serum exosomes, thereby
facilitating its differentiation from healthy controls [18].
CircRNAs have an extracellular function and significant
translational potential as a circulating biomarker for
cancer diagnosis. Cir-ITCH expression is downregulated in CRC, and cir-ITCH increases the level of ITCH
and participates in the inhibition of the Wnt/β-catenin
pathway. Cir-ITCH participates in the Wnt/β-catenin
pathway in CRC [53].

Prospects
CircRNAs are novel molecules that were initially considered to be products of transcriptional errors. Mature
circRNAs are formed using two mechanisms that differ
from selective splicing in linear RNAs; however, further
details of its molecular mechanism remain unclear.
There may be a third mechanism involving the formation of retained-intron circRNAs that contain both exons and introns, and this has also yet to be explored.
Moreover, different types of proteins and miRNAs have
been found to take part in the processing of pre-RNAs
to produce circRNAs. The mechanism of circRNA formation has yet to be discovered.
Extensive studies indicate that circRNAs regulate other
genes at the transcriptional and posttranscriptional levels. Some can even directly encode proteins and are thus
involved in physiological and pathological processes,
including influencing tumorigenesis. CircRNAs are
thought to act as miRNA sponges that specifically bind
to miRNAs and regulate gene expression by competing
with competing endogenous RNA (ceRNA), including
lncRNAs, mRNAs, and pseudogenes.
The participation of circRNAs in the ceRNA network
renders it more complete and complex. CircRNAs compete with mRNAs from the same pre-RNAs during the
splicing process, and circRNAs were recently found to
encode proteins. This demonstrates their involvement in
biological procedures, provides a more complete understanding of the RNA language, and enriches the central
dogma. Our current understanding of circRNAs is limited, and the function of roughly 30,000 molecules have
yet to be established.
CircRNAs have unique structures and are much more
stable than linear RNAs, thereby allowing them to remain in the tissues and sera of patients. The differential
expression of circRNAs in tissues and blood of cancer
patients, which is lower than that of miRNAs and lncRNAs, suggests that they may be utilized as specific
biomarkers for gastrointestinal cancers.
CircRNAs may also serve as potential targets for new
drugs. These also function as miRNA sponges.

CircRNAs and hepatocellular carcinomas
Hsa_circ_0001649 is significantly downregulated in
HCC tissues (n = 89) and may be a potential biomarker
for HCC [15]. ZKSCAN1 is expressed in both linear
RNA and circular RNA (circZKSCAN1) and forms in
HCC tissues and cell lines. Both ZKSCAN1 mRNA and
circZKSCAN1 are downregulated in the HCC samples
compared with normal tissues (n = 102). The downregulation of ZKSCAN1 mRNA is associated with tumor
size, and cirZKSCAN1 expression levels are associated
with changes in tumor numbers, cirrhosis, vascular invasion, microscopic vascular invasion, and tumor grade.
Silencing both ZKSCAN1 mRNA and circZKSCAN1
promotes cell proliferation, migration, and invasion.
However, the overexpression of both forms of RNA represses HCC progression in vivo and in vitro. CirZKSCAN1 may thus be a useful marker for the diagnosis of HCC [54].
Hsa_circ_0005075 is differentially expressed in HCC
tissues as indicated by microarray analysis and validated by real-time qRT-PCR (n = 60, p < 0.001). The expression level of Hsa_circ_0005075 is associated with
tumor size. Hsa_circ_0005075 may participate in cell
adhesion during HCC development [55].
CircRNAs and gastric cancer
A total of 46 differentially expressed circRNAs were
identified by a circRNA microarray of cancer and adjacent normal tissues, of which 8 were selected as potential indicators of early cancer recurrence. qRT-PCR
showed that four circRNAs were differentially expressed between cancer and normal gastric tissues and may
be potentially utilized as an indicator for early recur-
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14. Wang X, Zhang Y, Huang L, et al. Decreased expression of
hsa_circ_001988 in colorectal cancer and its clinical significances. Int J Clin Exp Pathol 2015;8(12):16020-5 (PMID: 268848
78).

CONCLUSION
In China, the 5-year relative survival rate of patients
with gastrointestinal tract tumors continues to increase.
Thus, screening for novel molecular markers is essential
for the diagnosis and prognosis of gastrointestinal tract
tumors. CircRNAs are promising biomarkers for clinical applications for gastrointestinal tract tumors.
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