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Circ_0000799 promotes proliferation and invasion in colorectal
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Background: The current study aimed to investigate the effect of circ_0000799 on the biological function
of colorectal cancer (CRC) cells and its mechanism.

Methods: First, quantitative reverse transcription polymerase chain reaction (QRT-PCR) was employed
for detecting the expression of circ_0000799, miR-647, and miR-1243 in surgically resected specimens from
hospitalized CRC patients, CRC-adjacent normal tissues (Normal group), human normal colon epithelial
cells (FHC group), and CRC cell lines (HCT116, HT29, SW480, SW620). The cell proliferation, viability,
and invasion were detected by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT),
colony formation assay, transwell assay in HCT116 and SW480 cells with overexpression or inhibition of
cire_0000799. The targeting relationship between circ_0000799 and miR-647 was verified by dual-luciferase
reporter assay. The expression of epithelial-mesenchymal transition (EMT) proteins (E-cadherin, vimentin,
and N-cadherin) was tested by western blot.

Results: The expression level of circ_0000799 was significantly increased in CRC tissues and cells.
Overexpression of circ_0000799 significantly increased cell proliferation rate, viability, invasion, and the
EMT process, whereas knockdown of ¢irc_0000799 inhibited the biological performance of CRC cells.
Bioinformatic analysis suggested that miR-647 was regulated by circ_0000799, and a dual-luciferase reporter
assay further showed a targeting relationship between the two. In addition, circ_0000799 was negatively
correlated with 7iR-647 expression in CRC.

Conclusions: Our findings suggest that circ_0000799 promotes proliferation and invasion in CRC and
EMT. These effects of circ_0000799 may be achieved by negatively regulating miR-62.
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Introduction and high recurrence rate (1). Currently, CRC ranks the 4th
Colorectal cancer (CRC) is one of the most common in incidence rate and 5th in mortality of malignant tumors
cancers worldwide. In 2017, the number of new CRC in China (2). The number of deaths from CRC was 890,000

patients was 1.8 million; it has the third highest incidence in 2017, and its mortality is the second highest among

among cancers and the characteristics of high metastasis cancer-related deaths. The 5-year relative survival rate
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of CRC patients is 65%. If CRC is diagnosed in the pre-
metastatic stage, the 5-year relative survival rate of patients
can be increased to 90% (3), indicating that early and
accurate diagnosis is critical for the treatment of CRC. At
present, colonoscopy and blood markers are clinically used
to diagnose CRC (4). Blood markers include cancer antigen
(CA)19-9, CA724, carcinoembryonic antigen (CEA), and
so on. However, both the sensitivity and specificity of these
diagnostic methods are unsatisfactory. In addition, many
factors affect the occurrence and development of CRC,
such as age, genetics, and environmental factors (5). CRC
is mainly manifested in hematochezia caused by rectal
bleeding, iron deficiency, anemia, abdominal pain, weight
loss, and loss of appetite (6). Clinically, the treatment of the
disease is usually based on surgery and supplemented with
chemotherapy and radiotherapy. However, the prognosis of
CRC patients remains unsatisfactory (7). With the in-depth
study of CRC, some researchers have proposed molecular
targeted therapy, such as vascular endothelial growth factor
(VEGF) tyrosine kinase inhibitors and anti-epidermal
growth factor receptor (EGFR) monoclonal antibodies (8).
Although the disease can be improved by targeting these
molecules, the effect is limited (8). Therefore, there is an
urgent need to find more effective therapeutic targets to
improve the diagnostic efficiency and treatment of CRC.

In recent years, with the deepening of the research on
non-coding RNAs, it has been found that non-coding RINAs
play an important regulatory role in living cells and diseases.
Circular RNAs (circRNAs) are newly discovered non-coding
RNAs with circular structures. Different from other non-
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coding RNAs, the circular structure contributes to the stability
of circRNA, so this circRNA is not easily degraded (9). It has
been confirmed that circRNAs are involved in cancer-related
physiological and pathological processes, for example,
cell proliferation, migration, invasion, cell cycle, and
carcinogenesis (10). Zeng et al. found that a significantly
up-regulated expression of circHIPK3 in CRC tissues and
cell lines can be used as a marker for the prognosis of CRC
patients and this circRNA can improve the proliferation and
metastasis of CRC cells by down-regulating miR-7 (11). Li
et al. demonstrated that circDDX17 was significantly down-
regulated in CRC tissues, indicating that this circRNA
may have an antitumor effect on CRC (12). The above
studies suggest that circRNAs may play a crucial role in
the development of CRC. However, due to the variety
and complex function of circRNAs, many CRC related
circRNAs are still to be discovered. Circ_0000799 (circ-
BPTF) is a circRNA derived from bromodomain PHD
finger transcription factor (BPTF) exons. Bi et al. revealed
that the expression of circ_0000799 was increased in
bladder cancer tissues and cell lines, and this circRNA could
promote the progression of bladder cancer by affecting
the activity of the miR-31-5p/RAB27A signaling axis (13).
These results suggest that circ_0000799 may be associated
with promoting the development of cancer. However,
there is currently no study on the relationship between
cire_0000799 and CRC occurrence and development. Thus,
by transfecting CRC cells with cire_0000799, we explore
the effects and mechanisms of circ_0000799 expression on
CRC cells to provide experimental data and a basis for the
search for diagnostic and therapeutic targets for CRC. We
present the following article in accordance with the MDAR
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-22-1176/rc).

Methods
Collection of clinical tissues

CRC tissue samples and CRC-adjacent normal tissues
(Normal group) were collected from patients treated in
The Fifth Affiliated Hospital of Harbin Medical University
between June 2017 and December 2020. The study was
conducted according to the Declaration of Helsinki (as
revised in 2013). The study protocol was approved by
the Ethics Committee of The Fifth Affiliated Hospital of
Harbin Medical University (No. KY-2022-019), and all of
the patients provided their written informed consent.
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Cell culture and transfection

Human normal colon epithelial cells (FHC group) and
CRC cell lines (HCT116, HT29, SW480, and SW620)
were purchased from the American Type Culture
Collection (ATCC; Manassas, VA, USA). Cells were
cultured in complete Dulbecco’s modified Eagle medium
(DMEM) containing 10% fetal bovine serum (FBS;
Gibco, Waltham, MA, USA), 100 mg/mL penicillin,
and 10 mg/mL streptomycin (Gibco) in an incubator at
37 °C with 5% CO, (Thermo Fisher, Waltham, MA, USA).
Circ_0000799 overexpressed plasmids and interfering
fragments as well as their negative controls (NCs) were
designed and synthesized by GenePharma (Shanghai,
China). The sequence of small interfering (si)-circ0000799
iss AAGUAGCAGGUCAGGUGTT. According to the
Lipofectamine 3000 (Thermo Fisher) transfection step,
HCT116 and SW480 cells were transfected with negative
plasmid (vector group), circ_0000799 overexpression plasmid
(circ_0000799 group), siRNA-NC (si-NC group), and
siRNA-cire_0000799 (si-circ_0000799 group), respectively.

Quantitative reverse transcription polymerase chain
reaction (qRT-PCR)

Extraction of total RNA from cancerous tissues and
cells by TRizol method, and nuclear and cytoplasmic
RNA was isolated from HCT116 and SW480 cells
using a nucleoplasmic isolation kit. Subsequently, use
NanoDrop (Thermo Fisher) to detect the concentration
and purity of RNA, and complementary DNA (cDNA;
Thermo Fisher) was prepared according to random
primer reverse transcription kit. The expression levels
of ¢circ_0000799, miR-647, and miR-1243 were detected
according to the instructions of the SYBR GREEN
kit (TaKaRa, Shiga, Japan), and RNU6B (U6) was
taken as the internal reference. A total of 6 replicates
were set up in the experiment. The experimental data
obtained by qRT-PCR were used to calculate relative
gene expression levels by the 2**“ method. The primer
sequences were as follows: circ_0000799, forward (F):
5'-UCAGCUACAAAUACAGCAGCCAC-3', reverse
(R): 5'"-AGUCGAUGUUUAUGUCGUCGGUG-3";
miR-647, F: 5'-CUUCCUCACUCACGUCGGUG-3',
R: 5'"-GAAGGAGUGAGUGCAGCCAC-3";
miR-1243, F: 5'"-AACTGGATCAATTATA-3",
R: 5'"-GTGCAGGGTCCGAGGT-3"; U6,
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F: 5'-CTCGCTTCGGCAGCACATA-3", R:
5'-AACGCTTCACGAATTTGCGT-3".

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) assay

HCT116 and SW480 cells in the logarithmic growth phase
after treatment were inoculated in 96-well plates at a density
of 3x10° cells/well and cultured for 24, 48, and 72 hours,
respectively. Then, 20 pL of 5 mg/mL MTT solution
was added to each group of cells and cultured for another
4 hours in the incubator. After the supernatant was
aspirated, the samples were added with 150 pL. of dimethyl
sulfoxide (DMSO) and then shaken for 15 minutes. The
absorption at 570 nm in each test well was measured using a
microplate reader.

Colony formation assay

The treated HCT116 and SW480 cells were digested with
0.25% trypsin and resuspended in DMEM with 0.35%
agarose and L-15 complete media. Then, the resuspended
cells were seeded in 6-well plates containing 0.6% agarose
at a density of 1x10’ cells/well, and incubated in CO,
incubator at 37 °C. After colony formation was observed,
the cells were stained with 0.1% crystal violet solution.
Finally, the colonies were photographed with an inverted
microscope and counted.

Transwell assays

Cell migration and invasion assays were performed
using transwell inserts. In the migration assay, 100 pL
of transfected cells were seeded in the upper chamber of
the transwell inserts, and 700 pL of medium containing
20% FBS was added to the lower chamber. The transwell
insert was taken out after 24 hours of incubation and
washed 3 times with phosphate-buffered saline (PBS).
After the cells were fixed in 20% methanol for 30 minutes,
they were stained with 0.1% crystal violet for 12 hours.
The staining of the cells was observed under an inverted
microscope. Invasion assays were similar to the migration
assays except that Matrigel [Becton, Dickinson, and Co.
(BD) Biosciences, Franklin Lakes, NJ, USA] was coated in
the center of the upper chamber before cell seeding. In the
migration and invasion assays, three areas were randomly
selected for photographic and quantitative analysis.
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Dual luciferase reporter assay

The prediction of microRNAs (miRNAs) bound to
circ_0000799 was carried out by using CircInteractome
(https://circinteractome.nia.nih.gov/index.html), and
circBank (http://www.circbank.cn/). The wild-type (WT)
and mutant (MUT) sequence of circ_0000799/miR-
647 binding site was inserted into downstream of the
firefly luciferase gene to construct an expression vector
(Promega, Madison, WI, USA). By using Lipofectamine
2000 transfection reagent, 7iR-647 mimics/mimics NC
was mixed with pmirGLO-c¢irc_0000799-WT/MUT
recombinant plasmid and then transfected into 293T
cells. After 48 hours of transfection, luciferase activity
was measured according to the instructions of the dual-
luciferase reporter assay kit.

Western blot

The total protein of cells was extracted by cell lysate
and the protein concentration was determined with the
bicinchoninic acid (BCA) protein quantitative kit (Abcam,
Cambridge, UK). Subsequently, 20 pg of protein with 2x
loading buffer was boiled for denaturation. Proteins were
isolated using sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and then transferred to polyvinylidene
fluoride (PVDF) membrane. Afterward, the membrane
was blocked by 5% skim milk powder for 1 hour. The
membrane was incubated with primary antibody anti-
Vimentin antibody (ab92547, Abcam, USA), anti-N-
cadherin antibody (ab18203, Abcam, USA), anti-E-cadherin
antibody (ab40772, Abcam, USA), anti-glyceraldehyde-3-
phosphate dehydrogenase (GAPDH) antibody (ab8245,
Abcam, USA), at 4 °C overnight. The next day, the
membrane was incubated with secondary antibodies goat
anti-rabbit IgG H&L horseradish peroxidase (HRP)
(ab205718, Abcam, USA), goat anti-mouse IgG H&L HRP
(ab205719, Abcam, USA) for 1 hour at ambient temperature
after washing the membrane 3 times. After incubation,
the membrane was rinsed 3 times again. Then, enhanced
chemiluminescence reagents were used to visualize the
proteins. Photographs were taken using a gel imaging
system. Image J analysis software (National Institutes of
Health, Bethesda, MD, USA) was used to quantify the gray
levels of bands in the western blot image, and GAPDH was
used as an internal reference to calculate the relative protein
expression.
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Statistics analysis

Statistics analysis was conducted by SPSS 26.0 (IBM Corp.,
Armonk, NY, USA). Measurement data were expressed
by mean * standard deviation (SD). Differences between
or among groups were compared using Students’ #-test or
one-way analysis of variance (ANOVA). The correlation
between circ_0000799 expression and miR-647 in CRC
tissues was analyzed using Pearson correlation analysis.
Statistical significance was defined at P<0.05.

Results
Circ_0000799 is up-regulated in CRC tissues and cells

Compared with the Normal group, the expression of
cire_0000799 was significantly increased in CRC tissues
(Figure 14, P<0.01). Compared with the FHC group, the
expression of cire_0000799 was significantly up-regulated
in the CRC cell lines (HCT116, HT29, SW480, SW620)
(Figure 1B, P<0.05). This result suggested that circ_0000799
may be involved in the progression of CRC. Further
experiments confirmed that circ_0000799 was mainly
expressed in the cytoplasm (Figure 1C,1D, P<0.05).

Knockdown of circ_0000799 suppresses the proliferation
and viability of CRC cells

To investigate the role of circ_0000799 in CRC, we
interfered with or overexpressed circ_0000799 in HCT116
and SW480 cells. As shown in Figure 24, the expression of
cire_0000799 was significantly increased in the circ_0000799
group compared with the vector group; the expression of
circ_0000799 was notably reduced in the si-cire_0000799
group compared with the si-NC group (P<0.05).
Collectively, the results of MTT and colony formation
assay showed that the proliferation rate and cell viability
of the circ_0000799 group were significantly increased
compared with the vector group; the proliferation rate and
cell viability of the si-circ_0000799 group were significantly
decreased compared with the si-NC group (Figure 2B,2C).

Knockdown of circ_0000799 suppresses the invasion and
migration of CRC cells and the epithelial-mesenchymal
transition (EMT) process

We aimed to further assess the effect of circ_0000799
on CRC cell invasion and migration. In HCT116 and
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Figure 1 Circ_0000799 is up-regulated in CRC tissues and cells. (A) The expression of circ_0000799 in CRC tissues and Normal group
verified by qRT-PCR. **P<0.01. (B) The expression of circ_0000799 in different CRC cell lines (HCT116, HT29, SW480, SW620)
and FHC group examined by qRT-PCR. **P<0.01 vs. FHC group. (C,D) The expression of circ_0000799 in the nucleus or cytoplasm of
HCT116 cells (C) and SW480 cells (D) detected by qRT-PCR. **P<0.01. Normal, CRC-adjacent normal tissues; CRC, colorectal cancer;

FHC, human normal colon epithelial cells; QRT-PCR, quantitative reverse transcription polymerase chain reaction.

SW480 cells, the migration and invasion of CRC cells were
significantly promoted after overexpression of circ_0000799
while inhibited after interference with circ_0000799
expression (Figure 34,3B, P<0.05). Furthermore, western
blot results revealed that the expression of vimentin and
N-cadherin were significantly increased, whereas the
protein level of E-cadherin was significantly decreased in
HCT116 cells in the circ_0000799 group compared with
the vector group (Figure 3C). However, knockdown of si-
circ_0000799 resulted in opposite changes in the expression
of the above proteins.

Circ_0000799 serves as a sponge of miR-647

We further analyzed the potential molecular mechanism of
cire_0000799 in CRC. We predicted interacting miRNAs
of circ_0000799 in CircInteractome and circBank databases
predicted the miRNAs which can potentially target the
circ_0000799, and finally found miR-647 and miR-1243
as the potential ones based on the intersection of the two
databases (Figure 44). The qRT-PCR analysis revealed

© Journal of Gastrointestinal Oncology. All rights reserved.

that the expression levels of miR-647 and miR-1243 were
notably reduced in CRC tissues, and the former was lower
(Figure 4B, P<0.05). Pearson correlation analysis showed
that the expressions of circ_0000799 and miR-647 were
negatively correlated in CRC (Figure 4C). The binding
site of circ_0000799 to miR-647 was predicted by
CircInteractome (Figure 4D). Subsequently, a dual-luciferase
reporter assay showed that 7iR-647 mimics significantly
reduced circ_0000799-W'T 3'-untranslated region (3'-UTR)
luciferase activity, but had no effect on the luciferase activity
of ¢circ_0000799-MU'T plasmid (Figure 4E). Collectively,
cire_0000799 could bind to miR-647 and negatively regulate
its expression.

Discussion

With the deepening of research on circRNAs, studies
have shown that circRNAs play crucial roles in cancer
occurrence and development (14). At the same time, due
to the special ring structure, circRNAs seem to be more
suitable as biomarkers for disease. Indeed, many circRNAs
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have been recognized as biomarkers for cancers, including
gastric cancer, liver cancer, bladder cancer, and so on (15).
However, representative circRNAs acting as indicators of
other diseases have not been fully mined, including CRC.
In previous studies, the expression of hsa_circ_0000069 and
hsa_circ_0007534 was significantly up-regulated in CRC
tissues compared with adjacent non-tumor tissues (16,17),
yet the expression of circ_0026344 and hsa_circ_001988 was
notably reduced (18,19). A study also showed that elevated
expression of circ_0000745 in CRC dssues (20). All of the
above circRNAs can serve as biomarkers for CRC diagnosis.
However, some studies have found that hsa_circ_0000069
is also up-regulated in cervical cancer tissues (21), and hsa_
circ_0007534 is up-regulated in osteosarcoma and cervical
cancer tissues (22,23). It is suggested that the change of
single circRNA expression is not specific and is affected by
many factors. Therefore, the diagnosis rate can be improved
if we use the change of multiple circRNAs expressions as the

© Journal of Gastrointestinal Oncology. All rights reserved.

diagnostic basis. In the results of this assay, the expression
level of circ_0000799 was significantly increased in CRC
tissues and cells. Bi et al. found that circ_0000799 (circ-
BPTF) was also up-regulated in bladder cancer tissues (13).
Collectively, it is indicated that circ_0000799 is closely
related to the development of cancer, and can be used as a
new biomarker for CRC diagnosis.

In addition to being biomarkers of cancer, circRNAs are
also involved in regulating the life activities of cancer cells.
There is evidence that changes in circRNA expression have
a wide range of effects on the biological characteristics of
liver cancer, and oncogenic circRNA CDR1as promotes
the growth of cancer cells and inhibits apoptosis by acting
as a sponge of miR-7 (11). It has also been reported that
circPVRL3 targets miR-203 and affects the ERK1/2/Slug/
E-cadherin signaling pathway to inhibit the invasion of
gastric cancer cells (24). Similarly, in the results of this
assay, we found that knockdown of ¢ire_0000799 inhibited
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CRC, colorectal cancer; EMT, epithelial-mesenchymal transition.

the proliferation, viability, invasion, migration of CRC
and EMT process. It is indicated that circ_0000799 may be
involved in CRC occurrence and metastasis.

Many studies have explored the ways in which circRNA
exerts biological functions, and the following four ways
are the most frequently proposed: serving as a sponge
of miRNA (25), transcription regulation and alternative
splicing (26), interacting with RNA-binding proteins (27),
and directly participating in translational regulation (28).
Acting as a sponge of miRNA is the most well-studied

© Journal of Gastrointestinal Oncology. All rights reserved.

mechanism of action of circRNAs. The miRNAs are a class
of small non-coding RNAs of about 20-25 nt in length (29),
which can prevent messenger RNA (mRNA) translation by
complementary binding with mRNA 3'-UTR region (30).
Cao er al. reported that miR-647 was significantly down-
regulated in gastric cancer tissues and cell lines, and it was
closely related to reduced tumor size and metastasis, down-
regulated tumor proliferation, and the expression level of
genes related to metastasis (31). Zhang et 4/. demonstrated
that the level of miR-647 was significantly decreased in
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non-small cell lung cancer, and miR-647 could promote
the therapeutic effectiveness of argon-helium cryoablation
and inhibit cell proliferation through targeting TRAF2
via the NF-kB signaling pathway (32). These results show
that 7iR-647 is a class of tumor suppressor gene that can
inhibit the tumorigenic phenotype of cells. Our study
showed that 7iR-647 was significantly down-regulated in
CRC tissues and cells, showing a negative correlation with
the expression of circ_0000799 and acting as a molecular
sponge of miR-647. Thus, circ_0000799 exerts its biological
function by affecting the expression level of 7iR-647.
There have been reports that circRNA acts as a
sponge of miRNA and is involved in tumor growth
regulation (11,24). This study reports for the first time
that circ_0000799 promotes the growth of CRC cells and

© Journal of Gastrointestinal Oncology. All rights reserved.

CRC metastasis by acting as a sponge of miR-647 through
bioinformatics analysis, PCR validation, and dual-luciferase
reporter assay.

Conclusions

In summary, circ_0000799 promotes cell proliferation,
viability, invasion, and migration, and the EM'T process by
serving as a sponge of miR-647, thereby accelerating CRC
progression. Therefore, circ_0000799 can function as a new
biomarker in the diagnosis of CRC and has the potential
to be a new therapeutic target for this disease. However,
the function of circRNA is complex and this assay only
validates circ_0000799 function at the cellular level. Further
exploration is needed to provide a more comprehensive
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data base for the use of circ_0000799.
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