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ABSTRACT

Aim: We aim to investigate the relationship between hsa_circ_0009361 plus hsa_circ_0009362 expression levels and the
clinicopathological features of colorectal cancer (CRC) patients.

Background: Circular RNAs (circRNASs) are implicated in the progression and development of CRC. CircRNAs have been recognized as
diagnostic and prognostic biomarkers, opening up a new window to comprehend the molecular basis of CRC. Given the significance of
circRNAs and the G protein subunit b1 (GNB1) gene in malignancies, the goal of the current investigation was to determine the expression
levels of GNBL1 derivative circular RNAs circGNBL1 (hsa_circ_0009361 and hsa_circ_0009362) in CRC and adjacent control tissues.
Methods: The expression levels of the GNB1 derivative circular RNAs (hsa_circ_0009361 and hsa_circ_0009362) were evaluated
using the quantitative real-time PCR (QRT-PCR) method in 45 CRC tissues and adjacent control tissues. Furthermore, we analyzed
the diagnostic power of the mentioned circRNAs by plotting the receiver operating characteristic (ROC) curve. The association
between the expression levels of hsa_circ_0009361 and hsa_circ_0009362 was evaluated using correlation analysis.

Results: Our results revealed that the expression levels of hsa_circ_0009361 and hsa_circ_0009362 were significantly down-
regulated in CRC tissues compared to the adjacent control group. Analysis of patients’ clinicopathological features indicated that
expressions of hsa_circ_0009361 and hsa_circ_0009362 were differently related to lymph vascular invasion (P<0.001). ROC curve
results showed that these circRNAs are good candidate diagnostic biomarkers in CRCs. Pearson’s correlation test revealed a positive
correlation between hsa_circ_0009361 and hsa_circ_0009362 expression levels (P<0.0001).

Conclusion: These results demonstrated that hsa_circ_0009361 and hsa_circ_0009362 expression levels may be used as possible diagnostic
biomarkers for CRC.
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Introduction
Colorectal cancer (CRC) is the third most common that alter signaling pathways, leading to the

type of cancer worldwide and the second leading cause
of cancer-related deaths (1). The majority of CRC cases
are caused by genetic mutations and epigenetic changes
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transformation of normal tissue into carcinoma (2). A
biological molecule that is present in blood, other
bodily fluids, or tissues, serving as a marker for a
normal or abnormal process, condition, or disease is
referred to as a biomarker (3). Various epigenetic and
genetic changes can be utilized as potential clinical
indicators for individuals with CRC (4).

A class of endogenous RNAs with a closed loop
structure are called circular RNAs (circRNAs) (5).
CircRNAs are expressed more steadily and are less
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prone to degradation than standard linear RNAs (6).
This particular subset of non-coding RNAs is crucial
for anti-tumor activities and cancer metastasis (7).
Furthermore, they are involved in exerting their
biological functions, such as apoptosis, proliferation,
and, invasion through different mechanisms (8).
Indeed, circRNAs serve as potential biomarkers in
cancer (9, 10). CircRNAs play pivotal roles in the
initiation and promotion of diverse human
malignancies, such as breast (11), gastric (12),
hepatocellular (13), lung (14), and colorectal (6). A
recent study has demonstrated a stark difference
between the expression levels of circRNAs in different
types of colorectal tissues and para-carcinoma control
tissues (15). Based on previous studies, different
expressions of circRNAs are involved in the
pathogenicity and development of CRC (16-18).
However, the different expression of many circular
RNAs and their functions in biological processes in
tumor cells are not yet fully understood (19).

G protein subunit b1 (GNB1) is a component of
the G protein complex that participates in signal
transduction and forms a heterotrimer complex with
the G protein subunits Ga and Gc (20). GNB1 gene is
important for the initiation and development of
malignancies (21). Some specific circRNAs have
shown  dysregulation in  cancer, such as
hsa_circ_0009361 (15) and hsa_circ_0009362 (22)
derived from the GNB1 gene. In studies,
Hsa_circ_0009362 in breast  cancer  was
overexpressed, and hsa_circ_0009361 in CRC
showed reduced expression (15, 22). However, the
expression  levels of hsa circ_0009361 and
hsa_circ_0009362 in CRC as well as their regulatory
mechanisms are still unknown. Given that circRNASs
play a significant role in cancer, we hypothesized that
GNB1-derivative circular RNAs may be dysregulated
in colorectal tissues compared with adjacent control
tissues. The aim of the current study is to assess the
expression levels of hsa_circ_0009361 and
hsa_circ_0009362 derived from the primary GNB1
gene, and to identify whether the transcripts of the
mentioned circRNAs are proper potential diagnostic
biomarkers or not. Additionally, we aim to investigate
the relationship between these two circular RNAs and
the clinicopathological data of CRC patients.
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Methods

Patients and samples

In this case-control study, 45 fresh CRC tissue
samples and paired adjacent control tissues were
collected from the Genomic Research Center, Tehran,
Iran. The tumor tissue samples were verified by a
board-certified pathologist to ensure their histological
consistency with CRC. Patients who had not received
any CRC-related therapy prior to the biopsy were
included in the study, while those who had received
such therapy, had hereditary CRC, or had any other
malignancies were excluded. The patient's lifestyle
demographic and histopathological information,
including the clinical TNM staging, were also recorded.

RNA extraction and cDNA synthesis

RNA extraction was done according to the
manufacturer’s protocol (Cinna colon, Tehran, Iran).
Briefly, 1 ml ice-cold RNXTM-PLUS solution was
added to 2 ml tube containing homogenized sample. It
was vortexed 5-10 sec and incubated at room
temperature for 5 min. Next, 200 pl of chloroform was
added, and was mixed well for 15 sec through shaking.
The resulting compound was incubated on ice or 4 °C
for 5min. Then, centrifugation was done at 12000 rpm
at 4 °C for 15 min and the aqueous phase was
transferred to a new RNase-free 1.5 ml tube, where
equal volume of isopropanol was added. The mixture
was centrifuged at 12000 rpm at 4 °C for 15 min, the
supernatant was discarded, and 1 ml of 75% ethanol
was added. The supernatant was discarded, and the
pellet was allowed to dry at room temperature for few
minutes. Isolated RNA was eluted in 40 pl of
RNase/free water. The total RNA content and purity
were evaluated using a NanoDrop ND-1000
spectrophotometer. Thereafter, RNA was kept for
further use at -80 °C. Reverse transcription reaction
was carried out using a cDNA kit (Cinna Colon,
Tehran, Iran). Specifically, 2 pg of total RNA was used
to create cDNA using random hexamer and Oligo(dT)
primers. The kit mix was run on a PCR thermocycler as
follows: 10 min at 25 °C, 2 h at 37 °C, 5 min at 85 °C.

Quantitative Real-Time PCR (qRT-PCR)

Utilizing 2.0X Real gRT-PCR Master Mix with
SYBR Green (Ampligon, Denmark), quantitative real-
time PCR (qRT-PCR) was carried out. The reaction of



Table 1. gqRT-PCR primer sequences.
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Genes Primers Sequences Amplicon size (bp)
hsa_circ_0009361 Forward Primer CAGATGCAACTCTCTCTCAGAC 159
Reverse Primer TTAAGTTGCTCGGCCTCCTG
hsa_circ_0009362 Forward Primer CAACTTAAGAACCAGATTCGAAC 130
Reverse Primer TCAAGCTCACTCATCTTCCGA
Beta-2-microglogulin Forward Primer TGTCTTTCAGCAAGGACTGGT 143

Reverse Primer

TGCTTACATGTCTCGATCCCAC
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Figure 1. The relative expression levels (—ACt) of hsa_circ_0009361 and hsa_circ_0009362 in CRC samples and
adjacent control tissues. As shown in the Figure 1 hsa_circ_0009361 and hsa_circ_0009362 were down-regulated
in CRC tissues in comparison with adjacent control tissues. **P<0.01, ****P<0.0001.

each sample involved 10 pl 2X PCR Master Mix, 1 pl
of each primer, 1 pul cDNA, and 7 pl of distilled water.
The following thermal cycling settings were used to
conduct the reactions using the StepOnePlus Real-time
PCR System (Applied Biosystems, USA): Melt curve
stage assessment after 15 minutes at 95 °C, 40 cycles at
95 °C for 5 s, and 60 °C for 30 s. Gene expression
levels were normalized using the expression level of
beta-2 macroglobulin (B2 M) as the housekeeping gene
(23). The primer sets are reported in Table 1.

Statistical analysis

The gene expression ratio (Fold change 244 of
the hsa_circ_0009361 and hsa_circ_0009362 was
estimated using REST 2009 software. The expression
ratio of the hsa_circ_0009361 and hsa_circ_0009362
was estimated using REST 2009 software. All other
data were analyzed by GraphPad Prism software (La
Jolla, CA). A two-tailed t-test was employed to
determine the connection between the expression of the
hsa_circ_0009361 and hsa_circ_0009362 as well as
the clinicopathological factor of the CRC patients. The
diagnostic values of the hsa_circ_0009361 and
hsa_circ_0009362 expression levels were estimated
using the receiver operation characteristic (ROC) curve.
The accuracy criterion for the analysis of the

expression  levels of hsa circ_ 0009361 and
hsa_circ_0009362 was the area under the ROC curve
(AUC). The Pearson test was applied to determine the
correlation between the expressions hsa_circ_0009361
and hsa_circ_0009362. P value<0.05 was considered as
significant.

Results

Overall, we studied 45 CRC patients (22 females
and 23 males) aged between 22 and 64 years (mean +
SD: 45.2 £ 12.4 years). In patients, tissue location of
malignancy was as follows: 19 (42.2%) were colon and
26 (57.8%) were rectum. The patients clinical TNM
stages were as follows: 16 (35.6%) were stage Il, 18
(40%) were stage 111, and 11 (24.4%) were stage IV.
We measured the hsa_circ_0009361
and hsa_circ_0009362 expression levels in CRC tissue
in comparison with adjacent control tissues. We
observed hsa_circ_0009361 and hsa_circ_0009362
down-regulation in CRC tissues compared with
controls (Figure 1).

Our results clarified that the expression levels
of hsa_circ_ 0009361 and hsa_circ_0009362 were differently
associated with the TNM stage (P<0.001).
Hsa_circ_0009361 and hsa_circ_0009362 expressions

Gastroenterol Hepatol Bed Bench 2024;17(1):37-44



40 Circular RNAs hsa_circ_0009361 and hsa_circ_0009362 expressions in CRC patients

Table 2. The correlation of hsa_circ_0009361 and hsa_circ_0009362 levels (ACt) and clinicopathological features of the

CRC patients.
Variable Clinic Number of Mean = SD P value Mean = SD P value
pathological samples hsa_circ_0009361 hsa_circ_000 hsa_circ_0009362 hsa_circ_000
parameter (n = 45) 9361 9361
Age >60 20 14.75+3.837 P=0.2404 9.461 £3.464 P=0.5786
<60 25 16.20+ 4.252 10.08 +3.838
Gender Male 21 15.65+ 3.34 P=0.8872 10.22+2.82 P=10.616
Female 24 15.47 +4.72 9.38 +4.23
TNM stage 1l 15 6.52 +2.63 P<0. 0001 7.008 +3.51 P<0.0001
11 18 10.79 +2.48 10.58 +£2.75
v 12 12.32 +3.36 12.77 £2.35
Tumor size <2 10 11.84 +3.46 P<0.0001 7.29 +3.78 P=0.045
2-35 12 15.03 +3.42 9.25 +3.90
3.5-5 13 16.17 £3.24 10.23+ 2.77
>5 10 19.09 + 3.38 12.30 £ 2.57
Localization Colon 19 15.37 £3.90 P=0.7959 9.64 £2.73 P=0.95
Rectum 26 15.69 + 4.29 9.87 £4.21
Lymphatic Positive 32 17.47+3.06 P<0.0001 11.41+2.72 P<0.0001
invasion Negative 13 10.82 £1.74 5.74+£2.10
A B
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Figure 2. Potential diagnostic values of hsa_circ_0009361 and hsa_circ_0009362 in CRC. The sensitivity and
specificity were 93.3 and 66.7 for hsa_circ_0009361, respectively (A). The sensitivity and specificity were 51.1 and
77.8 for hsa_circ_0009362, respectively (B).

in the stage

IV group were down-regulated in

comparison with the stage Il and Il groups. Clinical
characteristics of the subjects are outlined in Table 2.
The  results revealed that expression  of
hsa_circ_0009361 and hsa_circ_0009362 were associated
with lymph vascular invasion (LVI) (P<0.001). LVI+
was observed in 32 (71.1%) of 45 CRCs. The LVI+
group possessed a lower expression of
hsa_circ_0009361 and hsa_circ_0009362 compared
with LVI- group (hsa_circ_0009361:17.48% vs.
10.83%, P<0.001, hsa_circ_0009362 :11.42% vs.
5.74%, P < 0.001) (Table 2). ROC curve analysis
demonstrated its effectiveness in assessing the
performance of the hsa_circ_0009361
and hsa_circ_0009362 as good potential biomarkers for
distinguishing CRC patients from control subjects
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(Figure 2). The areas under curve for
hsa_circ_0009361 and hsa_circ_0009362 were 0.85
and 0.69, respectively. For hsa_circ_0009361, the
sensitivity and specificity were 93.3 and 66.7,
respectively, while for hsa_circ_0009362, they were
51.1 and 71.8, respectively.

Discussion

The abnormal expression of circRNAs in several
malignancies has been proven by studies, indicating the
significant role of circRNAs in the progression and
development of various types of cancer (22, 24).
CircRNAs alter signaling pathways and contribute to
CRC pathogenesis (15, 25-27). So far, several
circRNAs, such as hsa_circ_0060927 (28),
hsa_circ_0005927 (29), and hsa_circ_0001178 (30),



have been implicated in CRC development. By
analyzing CRC-related circRNAs and confirming their
role in cancer progression, we can introduce CRC-
related circRNAs as viable therapeutic targets (31).
Nevertheless, the expression level and function of
circRNA in CRC are still unclear. Our results revealed
that the expression levels of hsa_circ_0009361 and
hsa_circ_0009362 were down-regulated in CRC tissues
compared with control tissue samples. Our results are
in agreement with a study conducted by Y Geng and
colleagues. By analyzing CRC-related circRNAs, they
identified hsa_circ_0009361 down-regulation in CRC
tissues and cells.

If we want to examine the mechanisms involved in
the function of these circRNAs in CRC, we can refer to
the epithelial-mesenchymal transition (EMT) process.
EMT is an essential step in tumor metastasis induction.
During EMT, adhesion and migration abilities of
epithelial cells change, whereby the mesenchymal
phenotype is obtained. E-cadherin and vimentin are two
key markers of EMT. E-cadherin is a cell adhesion
molecule, and its expression diminishes in epithelial
cells during EMT. Thus, invasion is enhanced in tumor
cells. In CRC cells, increased Wnt/B-catenin signaling
inhibits E-cadherin expression and induces EMT. The
overexpression of hsa_circ_0009361 leads to a
significant increase in E-cadherin expression and a
decline in vimentin expression, and finally, EMT is
inhibited in CRC cells. Silencing hsa_circ_0009361
reverses these effects. So, in CRC, hsa_circ_0009361
is known as a tumor suppressor. Adenomatous
polyposis coli (APC) can inhibit the Wnt/B-catenin
signaling pathway.

The structure of APC2 is similar to APC. Wnt
signaling plays an important role in tumor progression.
Upon inactivation of APC, B-catenin accumulates in the
cytoplasm and is transported to the nucleus. In the
nucleus, PB-catenin can regulate the transcription of
genes that control cell proliferation and apoptosis. miR-
582 is able to bind to hsa circ_0009361.
hsa_circ_0009361 relies on miR-582 to exert its tumor
suppressive  role, and the  functions  of
hsa_circ_0009361 are reversed by miR-582. APC2 is
also known as a target gene of miR-582. On the other
hand, in CRC cells, hsa_circ_0009361 positively
regulates APC2 and miR-582 negatively regulates
APC2. APC2 is simultaneously regulated by
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hsa_circ_0009361 and miR-582. Thus, in CRC,
hsa_circ_0009361 is known as a miR-582 sponge.
Indeed, hsa_circ_0009361 promotes APC2
overexpression via miR-582 sponge and represses CRC
growth as well as metastasis by inhibiting Wnt/-catenin
signaling. Therefore, they have hypothesized that the
hsa_circ_0009361/miR-582/APC2 network may be
used as a possible therapeutic target (15, 32).

Meanwhile, the mechanism of action of
hsa_circ_0009362 in CRC has not been investigated.
Nevertheless, Liu P and colleagues showed increased
expression of hsa_circ_0009362 in triple-negative breast
cancer (TNBC) tissues compared to normal breast
tissues. Hsa_circ_0009362 sponges miR-141-5p (22).
To explain the reason for the reduction of circRNAs in
CRC, we can point to these mechanisms: (a) the back-
splice machinery is damaged; (b) deregulated miRNAs
degrade circRNAs; (c) increased cell proliferation
reducing the level of circRNAs (33). We analyzed the
expression levels
of hsa_circ_0009361 and hsa_circ_0009362 as well as
clinicopathological features in different groups (Table 2).
LVI is a particular pathogenic factor related to CRC
metastases. LVI is defined by the presence of cancer
cells within the lymphatic or vascular channels and is a
common histological finding in CRC. Furthermore, LVI
is a primary sign of lymph node metastasis and increases
the risk of lymph node metastasis in patients with CRC.
For cancer patients, understanding the oncological effect
and prognostic relevance of LVI, which is connected
with various types of malignancies (31-35), is of utmost
importance. A few studies have shown that the
circRNAs expression variations are considerably related
to lymph vascular invasion (25, 34).

Our findings suggested that LVI may be a crucial
marker for tumor behavior that is aggressive and is
correlated  with  the  expression  level  of
hsa_circ_0009361 and hsa_circ_0009362 in CRC
patients. The analysis revealed that the expression
levels of circRNAs are significantly lower in the LVI+
group in comparison with the LVI- group (P < 0.001)
(Table 2). The TNM staging system is the most
significant tool for predicting the long-term survival of
CRC patients. The TNM system is used to identify
patients suitable for adjuvant treatment and provide an
estimate of survival (35, 36). We found that the TNM
stage is correlated with the expression of
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Figure 3. The statistically significant correlation between the expression of hsa_circ_0009361 and

hsa_circ_0009362 (R2=0.730, N=45, P<0.0001)

hsa_circ_0009361 and hsa_circ_0009362 in CRC
patients, as in previous studies (37-39). As a result, our
analysis revealed that hsa circ_ 0009361 and
hsa_circ_0009362 expressions were significantly lower
in advanced tumor stages (Il and 1V) than in lower
tumor stages (1) (Table 2). ROC curve evaluates the
predictive capability of hsa circ_0009361 and
hsa_circ_0009362 (i.e., sensitivity, specificity, and
statistical significance) (Figures 1 and 2). The
difference in the expression level of hsa_circ_0009361
and hsa_circ_0009362 between CRC tissues and
adjacent control tissues indicated that these genes could
serve as possible diagnostic biomarkers for CRC. The
area under the ROC curve for hsa_circ_0009361 and
hsa_circ_0009362 is shown in Figure 2. Additionally,
in CRC samples, we demonstrated a positive
correlation between the expression of
hsa_circ_0009361 and hsa_circ_0009362 (Figure 3).
We can also state that this is the first study to explore
the potential relationship between has_circ_0009361
and has_circ_0009362 in CRC. Therefore, it can be
concluded that GNB1 derivative circular RNAS,
hsa_circ_0009361 and hsa_circ_0009362, may have a
similar function in CRC pathogenesis. Further, these
genes could serve as potential diagnostic biomarkers
for CRC. In summary, we have indicated the
expression levels of has-circ-0009361 and
hsa_circ_0009362 are lower in CRC tissues compared
with adjacent control tissues, and the expression levels
of these circRNAs may potentially be used as
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diagnostic biomarkers for CRC. Also, some differences
in the expression patterns of markers considering the
patient’s clinicopathological findings were
observed. Since the relationship between circRNAs and
CRC is multifaceted and dynamic, further investigations
are required on the circRNA network in CRC.

The limitation of the study has been the small
sample size; evaluating findings in larger numbers of
patients allows for a better understanding of the
potential impact in a clinical setting.

Conclusion

These results revealed that hsa_circ_0009361 and
hsa_circ_0009362 expression levels may be potential
new diagnostic factors to be used as possible diagnostic
biomarkers for CRC.

Ethical statement

The study was compiled following the requirements
confirmed by the Ethics Committee of the Shahid Beheshti
University —of  Medical  Sciences (Code  No:
IR.SBMU.RETECH.REC.1401.385). Additionally, informed
written consent was taken from each individual.

Conflict of interests
The authors declare no conflict of interest.

References
1. Sung H, Ferlay J, Siegel RL, Laversanne M,
Soerjomataram |, Jemal A, et al. Global Cancer



Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185
Countries. CA Cancer J Clin 2021;71:209-249.

2. Hong SN. Genetic and epigenetic alterations of
colorectal cancer. Intest Res 2018;16:327-337.

3. De Gruttola VG, Clax P, DeMets DL, Downing GJ,
Ellenberg SS, Friedman L, et al. Considerations in the
evaluation of surrogate endpoints in clinical trials.
summary of a National Institutes of Health workshop.
Control Clin Trials 2001;22:485-502.

4. Okugawa Y, Grady WM, Goel A. Epigenetic
alterations in colorectal cancer: emerging biomarkers.
Gastroenterology 2015;149:1204-1225.

5. Zhang Z, Yang T, Xiao J. Circular RNASs: promising
biomarkers for human diseases. EBioMedicine
2018;34:267-274.

6. Diao W, Wang Y, Zhang J, Shao H, Huang Y, Jin M.
Identification and comparison of novel circular RNAs
with  associated co-expression and competing
endogenous RNA networks in postmenopausal
osteoporosis. J Orthop Surg Res 2021;16:459.

7. Henry NL, Hayes DF. Cancer biomarkers. Mol
Oncol 2012;6:140-6.

8. Geng Y, Jiang J, Wu C. Function and clinical
significance of circRNAs in solid tumors. J Hematol
Oncol 2018;11.

9. Salzman J, Chen RE, Olsen MN, Wang PL, Brown
PO. Cell-type specific features of circular RNA
expression. PLoS Genet 2013;9:1003777.

10. Chen LL. The biogenesis and emerging roles of
circular RNAs. Nat Rev Mol Cell Biol 2016;17:205-11.

11. Chen N, Zhao G, Yan X, Lv Z, Yin H, Zhang S, et
al. A novel FLI1 exonic circular RNA promotes
metastasis in breast cancer by coordinately regulating
TET1 and DNMT1. Genome Biol 2018;19:218.

12. Huang X, Li Z, Zhang Q, Wang W, Li B, Wang
L, et al. Circular RNA AKT3 upregulates PIK3R1 to
enhance cisplatin resistance in gastric cancer via miR-
198 suppression. Mol Cancer 2019;18:71.

13. Han D, Li J, Wang H, Su X, Hou J, Gu Y, et al.
Circular RNA circMTO1 acts as the sponge of
microRNA-9 to suppress hepatocellular carcinoma
progression. Hepatology 2017;66:1151-1164.

14. Chen X, Mao R, SuW, Yang X, Geng Q, Guo C, et
al. Circular RNA circHIPK3 modulates autophagy via
MIR124-3p-STAT3-PRKAA/AMPKa  signaling in
STK11 mutant lung cancer. Autophagy 2020;16:659-
671.

15. Geng Y, Zheng X, Hu W, Wang Q, Xu Y, He W, et
al. Hsa_circ_0009361 acts as the sponge of miR-582 to

Mozooni Z. et al 43

suppress colorectal cancer progression by regulating
APC2 expression. Clin Sci 2019;133:1197-1213.

16. Xu H, Wang C, Song H. Xu Y, Ji G. RNA-Seq
profiling of circular RNAs in human colorectal Cancer
liver metastasis and the potential biomarkers. Mol
Cancer 2019;18:8.

17. Chen LY, Zhi Z, Wang L, Zhao YY, Deng M, Liu
YH, et al. NSD2 circular RNA promotes metastasis of
colorectal cancer by targeting miR-199b-5p-mediated
DDR1 and JAG1 signalling. J Pathol 2019;248:103-
115.

18. Chen RX, Chen X, Xia LP, Zhang JX, Pan ZZ, Ma
XD, et al. N6-methyladenosine modification of
circNSUN2 facilitates cytoplasmic export and stabilizes
HMGA2 to promote colorectal liver metastasis. Nat
Commun 2019;10:4695.

19. Chen LY, Wang L, Ren YX, Pang Z, Liu Y, Sun
XD, et al. The circular RNA circ-ERBIN promotes
growth and metastasis of colorectal cancer by miR-
125a-5p and miR-138-5p/4EBP-1 mediated cap-
independent  HIF-lo.  translation. Mol  Cancer
2020;19:164.

20. Lohmann K, Masuho I, Patil DN, Baumann H,
Hebert E, Steinriicke S, et al. Novel GNB1 mutations
disrupt assembly and function of G protein
heterotrimers and cause global developmental delay in
humans. Hum Mol Genet 2017;26:1078-1086.

21. Usman M, Hameed Y. GNB1, a novel diagnostic
and prognostic potential biomarker of head and neck
and liver hepatocellular carcinoma. J Cancer Res Ther
2022.

22. Liu P, Zou Y, Li X, Yang A, Ye F, Zhang J, Wei
W, Kong Y. circGNB1 facilitates triple-negative breast
cancer progression by regulating miR-141-5p-IGF1R
axis. Front Genet 2020;11:193.

23. Kheirelseid EA, Chang KH, Newell J, Kerin MJ,
Miller N. ldentification of endogenous control genes
for normalisation of real-time quantitative PCR data in
colorectal cancer. BMC Mol Biol 2010;11:12.

24. Kristensen LS, Hansen TB, Veng MT, Kjems J.
Circular RNAs in cancer: opportunities and challenges
in the field. Oncogene 2018;37:555-565.

25. Tang J, Zhang C, Huang Y. Huang Y, Wang L, Xu
Z, et al. CircRNA circ_0124554 blocked the
ubiquitination of AKT promoting the skip
lymphovascular invasion on hepatic metastasis in
colorectal cancer. Cell Death Dis 2021;12:270.

26. Zhang M, Wang S. Roles of circular RNAs in
colorectal cancer. Oncol Lett 2021;22:602.

27. Chen HY, Li XN, Ye CX, Chen ZL, Wang ZJ.
Circular RNA circHUWE1 is upregulated and
promotes cell proliferation, migration and invasion in

Gastroenterol Hepatol Bed Bench 2024;17(1):37-44



44 Circular RNAs hsa_circ_0009361 and hsa_circ_0009362 expressions in CRC patients

colorectal cancer by sponging miR-486. Onco Targets
Ther 2020;13:423-434.

28. Sadeghi H, Heiat M. A novel circular RNA
hsa_circ_0060927 may serve as a potential diagnostic
biomarker for human colorectal cancer. Mol Biol Rep
2020;47:6649-6655.

29. Yu C, Li D, Yan Q, Wang Y, Yang X, Zhang S, et
al. Circ_0005927 Inhibits the progression of colorectal
cancer by regulating miR-942-5p/BATF2 axis. Cancer
Manag Res 2021;13:2295-2306.

30. Ren C, Zhang Z, Wang S, Zhu W, Zheng P, Wang
W. Circular RNA hsa_circ_0001178 facilitates the
invasion and metastasis of colorectal cancer through
upregulating ZEB1 via sponging multiple miRNAs.
Biol Chem 2020;401:487-496.

31. Nisar S, Bhat AA, Singh M, Karedath T, Rizwan A,
Hashem S, et al. Insights into the role of CircRNAsS:
biogenesis, characterization, functional, and clinical
impact in human malignancies. Front Cell Dev Biol
2021;9:617281.

32. LiuJ, Song S, Zhao R, Zhang HY, Zhang SX. The
functions and networks of non-coding RNAs in the
pathogenesis of Rheumatoid Arthritis. Biomed
Pharmacother 2023;163:114707.

33. Bachmayr-Heyda A, Reiner AT, Auer K,
Sukhbaatar N, Aust S, Bachleitner-Hofmann T, et al.
Correlation of circular RNA abundance with

Gastroenterol Hepatol Bed Bench 2024;17(1):37-44

proliferation--exemplified with colorectal and ovarian
cancer, idiopathic lung fibrosis, and normal human
tissues. Sci Rep 2015;5:8057.

34. Guo D, Li F, Zhao X, Long B, Zhang S, Wang A, et
al. Circular RNA expression and association with the
clinicopathological characteristics in papillary thyroid
carcinoma. Oncol Rep 2020;44:519-532.

35. de Gramont A, Haller DG. Accomplishments in
2007 in the adjuvant treatment of colorectal cancer.
Gastrointest Cancer Res 2008;2:2-6.

36. Cheung H, Poon JT, Law WL. The impact of
POSSUM score on the long-term outcome of patients
with rectal cancer. Colorectal Dis 2013;15:1171-6.

37. Li C, Zhou H. Circular RNA hsa_circRNA_102209
promotes the growth and metastasis of colorectal
cancer through miR-761-mediated Ras and Rab
interactor 1 signaling. Cancer Med 2020;9:6710-6725.

38. Du H, He Z, Feng F, Chen D, Zhang L, Bai J, et al.
Hsa_circ_0038646 promotes cell proliferation and
migration in colorectal cancer via miR-331-3p/GRIK3.
Oncol Lett 2020;20:266-274.

39. Chalbatani GM, Gharagouzloo E, Memari F, Dana
H, Hadloo MHM, Zainalinia N, et al. Integrative and
in-vitro analysis reveal hsa_circ_001787 can act as a
diagnostic biomarker for colorectal cancer. Saudi J Biol
Sci 2021;28:6230-6238.



