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Background: Colorectal cancer (CRC) is one of the leading causes of cancer-related death 
around the world, becoming a severe public health problem. Mounting evidence has proven 
that circRNAs act as pivotal modulators in the initiation and development of CRC. Although 
the function of circTADA2A has been explored in osteosarcoma and breast cancer, the 
specific role of circTADA2A in CRC remains unknown.
Methods: Bioinformatics analysis based on GEO datasets was used to evaluate the dysre-
gulated circRNAs in CRC. CCK-8 and transwell assays were used to detect the functions of 
CRC cells. qRT-PCR and Western blot were performed to evaluate the expression of RNAs 
and proteins. Luciferase assay and RNA pull down experiment were carried out to verify the 
interaction between miR and its targets.
Results: CircTADA2A was downregulated in CRC tissues compared with normal samples. 
CircTADA2A exhibited greater stability than its linear form when exposed to RNase R and 
actinomycin D treatment. qRT-PCR analysis validated the lower expression level of 
circTADA2A in CRC. The loss-of-function and gain-of-function assays indicated that 
circTADA2A exerted the inhibitory role in CRC cell proliferation and migration. 
Mechanistically, circTADA2A functioned as a sponge of miR-1229. Further experiments 
manifested that circTADA2A regulated BCL2L10 expression via competitively binding to 
miR-1229. More importantly, the tumor suppressor role of circTADA2A in the malignant 
behaviors of CRC cells was mediated by BCL2L10.
Conclusion: circTADA2A suppressed cell proliferation and migration in CRC through 
regulation of miR-1229/BCL2L10 axis, which suggested that circTADA2A might represent 
a novel potential target for the treatment of CRC.
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Introduction
Reportedly, colorectal cancer (CRC) ranks third among the prevalent malignant 
tumors and is one of the leading contributors responsible for cancer-related mor-
tality globally.1,2 In recent decades, the incidence of CRC is sharply increasing 
attributable to changes in diet and lifestyle, triggering a serious threat to human 
health.3 The lethality of CRC stabilizes at a high level for the reason that the 
characteristics of early CRC are unconspicuous and patients are generally diag-
nosed at an advanced stage of this disease.4 Nevertheless, if patients are in the early 
stages of CRC when diagnosed, it is estimated that 90% of deaths may be 
avertible.5 Accordingly, gaining a deep understanding of the pathogenic mechanism 
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governing CRC is urgently needed to improve early diag-
nosis and clinical intervention for CRC.

Recently, noncoding RNAs have attracted the exten-
sive attention of scientists due to their important roles in 
the modulation of diverse cellular processes.6 Growing 
evidence indicates that dysfunction of ncRNAs is consid-
ered as a key factor in the pathological development of 
various disorders.7,8 As a novel type of endogenous con-
served noncoding RNA transcripts, circular RNAs 
(circRNAs) are featured with a circular configuration gen-
erated by covalent binding of 3’and 5’ ends via back- 
splicing.9,10 Therefore, circRNAs are evolutionarily 
conserved and highly stable as opposed to linear RNAs 
with 5’ caps and 3’ tails owing to the deficiency of 5′ to 3′ 
polarity or poly-A tail in closed-loop structures.11 

Abundant circRNAs are reported to display specific 
expression in tissues as well as developmental stages and 
act as regulators in the tumorigenesis and progression of 
multiple cancers, including CRC.12–14 circRNAs are parti-
cipated in the pathogenesis of CRC through regulating the 
expression of core target genes via different mechanisms, 
such as sponging microRNA (miRNA), working as protein 
scaffolds, modulating alternative splicing, transcription 
and RNA-protein interplays.15–18 In view of this, it is 
essential to identify the characteristics of circRNAs in 
CRC, which provides a promising prospect for the treat-
ment of CRC.

Herein, we aimed to explore the role of circRNAs 
which are strongly correlated with the carcinogenesis of 
CRC. A novel circRNA hsa_circ_102049 (circTADA2A) 
was found to be the significantly downregulated in CRC. 
Function studies were carried out to investigate the role of 
circTADA2A on CRC progression. Mechanistically, we 
predicted and verified the miRNA sponged by 
circTADA2A. We elucidated the regulatory function and 
molecular mechanism of circTADA2A in the initiation and 
evolution of CRC.

Materials and Methods
Tissue Sample Collection and Cell 
Culture
A total of 25 tumor samples and paired non-cancer tissues 
were acquired from CRC patients diagnosed in Ningbo 
No.1 Hospital. All the participants signed written informed 
consent. Fresh tissues detached from patients were imme-
diately treated with liquid nitrogen and subsequently pre-
served at −80°C for RNA extraction. This study was 

approved by the Ethics Review Board of Ningbo No.1 
Hospital. All the procedures were complied with the 
guidelines of the Declaration of Helsinki.

Five human CRC cell lines (LOVO, SW620, SW480 
and HT-29) and normal human colorectal epithelial cell 
line FHC were all supplied by American Type Culture 
Collection (ATCC, Manassas, USA). All the cells were 
maintained in DMEM (Invitrogen, Carlsbad, USA) or 
RPMI-1640 (Invitrogen) added with 10% FBS, 100 mg/L 
streptomycins as well as 100 mg/L penicillins under 
a 37°C moist atmosphere containing 5% CO2.

Cell Transfection
Short hairpin RNAs (shRNAs) against circTADA2A via 
targeting back-splice junction were procured from 
GeneChem (Shanghai, China). Non-specific shRNAs 
were utilized as a negative control. For upregulation of 
circTADA2A, circTADA2A overexpressing plasmid and 
negative control empty vector were designed and 
synthesized by GeneChem. The mimic and inhibitor of 
miR-1229 inhibitor, miRNA mimic negative control (miR- 
NC) and miRNA inhibitor negative control (inhibitor-NC) 
were acquired from RiboBio (Guangzhou, China). To 
knock down BCL2L10 expression, small interfering 
RNA for BCL2L10 (siBCL2L10) and scrambled siRNA 
were purchased from GeneChem. Cell transfection was 
performed with Lipofectamine 2000 (Invitrogen, USA) 
following the manufacturer’s protocols.

Quantitative Reverse 
Transcription-Polymerase Chain Reaction 
(qRT-PCR)
Total RNA from clinical tissues and cells was extracted with 
TRIzol reagent (Invitrogen) following the manufacturer’s 
instructions. Thereafter, cDNA was synthesized using the 
PrimeScript RT reagent kit (Takara, Dalian, China) and 
Mir-X miR First-Strand Synthesis Kit (TaKaRa, Dalian, 
China). qRT-PCR was implemented on 7500FAST Real- 
time PCR System (ABI, USA) using a SYBR Green PCR 
kit (Takara, Dalian, China) in line with the vendor’s direc-
tions. GAPDH and U6 served as inherent controls for nor-
malization. The gene expression level was calculated with 
the 2−ΔΔCt method. Each sample was analyzed three times.

RNase R and Actinomycin D Treatment
To verify the features of circRNA, 10 μg of total RNA was 
treated with 40U RNase R for 1 h at 37°C. For estimation 
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of stability, the medium was complemented with 2 mg/mL 
Actinomycin D or negative control dimethyl sulfoxide 
(DMSO). Following treatment, the expression of 
circTADA2A and linear TADA2A was subjected to qRT- 
PCR analysis.

Cell Proliferation Assay
Cell Counting Kit-8 (CCK8) assay was conducted for 
evaluation of cell proliferation. Following transfection, 
LOVO and HT-29 cells were inoculated into 96-well 
plates at a density of 1000 cells per well and cultivated 
at 37°C. Each well was supplemented with 10 μL of CCK 
8 solution (Dojindo, Kumamoto, Japan) at different time 
points (0 h, 24h, 48 h and 72h) after incubation. Then, 
cells were cultured at 37°C for another 2 h and the optical 
density (OD) value was examined at 490nm with 
a microplate reader.

For colony formation assay, transfected LOVO and 
HT-29 cells were seeded in 6-well plates and cultured at 
37°C for 2 weeks. The culture medium was replaced every 
three days. After washing with PBS, the colonies were 
immobilized using 4% paraformaldehyde, stained by 
0.1% crystal violet and photographed by a microscope.

Transwell Migration Assay
Cell migration was detected by transwell migration assay 
using transwell chambers (Corning, Cambridge, USA) 
obeying the instructions of the manufacturer. In short, 
cell suspension and 200 μL serum-free medium were 
placed in the upper chambers, and the bottom of chambers 
was complemented with 600 μL complete medium con-
taining 20% FBS. At 24 h post-incubation, migrated cells 
were fixed by 4% paraformaldehyde and treated with 0.5% 
crystal violet. The images of migrated cells were obtained 
with a microscope in five randomly selected fields.

Western Blot
Transfected LOVO and HT-29 cells were lysed by using 
lysis buffer supplemented with protease inhibitors. 40 μg 
amounts of protein extracts were electrophoresed on 10% 
SDS-PAGE and transferred to PVDF membranes 
(Millipore, USA). After blocking in 5% skimmed milk 
for 2 h, membranes went through an overnight incubation 
with primary antibody against BCL2L10 at 4°C. Then, 
PVDF membranes were probed by the appropriate second-
ary antibody for 2 h at room temperature and examined 
with an enhanced chemiluminescent kit (Millipore, USA). 
GAPDH was employed as the endogenous reference.

RNA Pull-Down Assay
RNA pull-down assay was carried out with the Magnetic 
RNA-Protein Pull-Down Kit (Pierce, MA, USA). Briefly, 
transfected cells were harvested, followed by trypsiniza-
tion, sonicated and incubated with biotinylated miR-NC or 
miR-1229 and streptavidin magnetic beads overnight at 
4°C. The expression of circTADA2A and BCL2L10 in 
eluted RNAs was determined by qRT-PCR.

Luciferase Reporter Gene Assay
The sequences of circTADA2A and BCL2L10 3’UTR con-
taining miR-1229 binding sites were inserted into luciferase 
vectors pmirGLO (Promega, USA) to construct wild-type 
circTADA2A and BCL2L10 plasmids. The mutant vectors 
were acquired by mutating binding sites with miR-1229. 
Afterward, LOVO and HT-29 cells were co-transfected 
with wild-type or mutant plasmids and miR-1229 mimic or 
miR-NC by utilizing Lipofectamine 2000 (Invitrogen, USA) 
following the instructions recommended by the vendor. 
48 h later, luciferase activity was tested with the Dual- 
Luciferase Reporter Assay System (Promega, USA).

Statistical Analysis
The experimental data were analyzed with SPSS software 
20.0 (IBM, Armonk, USA). All the results were presented 
as the mean ± SEM and each assay was replicated at least 
three times. Comparisons between two or more groups 
were conducted using Student’s t-test and ANOVA. 
Pearson correlation analysis was applied to estimate the 
correlation among circTADA2A, miR-1229 and 
BCL2L10. Differences were considered to indicate statis-
tically significant when P < 0.05.

Results
circTADA2A Was Lowly Expressed in 
CRC
CircRNA is stable due to the ring structure. Thus, we ver-
ified the stability of the novel circRNA (circTADA2A) in 
CRC cells. The results indicated that circTADA2A was more 
stable than its linear isoform in response to RNase 
R digestion (Figure 1A). In agreement with the above find-
ings, our observations revealed that circTADA2A was more 
resistant to actinomycin D (ActD) treatment in contrast to its 
linear mRNA, further validating the circular characteristics 
of circTADA2A (Figure 1B). To confirm the expression 
pattern of circTADA2A in CRC, qRT-PCR was conducted 
in the tissues and cell lines of CRC. Compared to the 
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adjacent normal tissue samples, circTADA2A expression 
was markedly diminished in tumor specimens of CRC 
patients (Figure 1C). Similarly, the expression level of 
circTADA2A was lower in five CRC cell lines than that in 
normal colorectal cell line (Figure 1D). Taken together, 
circTADA2A was downregulated in CRC.

circTADA2A Led to the Suppression of 
Cell Proliferation and Migration in CRC
To identify the functional role of circTADA2A in CRC, 
we knocked down circTADA2A expression in LOVO and 
HT-29 cells by transfection with shRNA targeting 
circTADA2A (Figure 2A). Besides, for ectopic expression 

Figure 1 circTADA2A was weakly expressed in colorectal cancer. (A and B) The qRT-PCR analysis of circTADA2A and TADA2A expression in LOVO and HT-29 cells after 
RNase R and actinomycin D treatment (n=6). (C) The expression level of circTADA2A in tumor tissues and normal samples from colorectal cancer patients was detected by 
qRT-PCR assay (n=25). (D) The qRT-PCR results of circTADA2A expression in colorectal cancer cell lines (LOVO, SW620, SW480 and HT-29) and normal colorectal 
endothelial cell line FHC (n=6). **p≤0.01 vs Mock or FHC group.
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of circTADA2A, circTADA2A overexpressing vectors 
were successfully transfected into LOVO and HT-29 
cells and then qRT-PCR analysis certified the overexpres-
sion efficiency (Figure 2A). The CCK-8 assay showed that 
silencing circTADA2A prominently promoted the viability 
of LOVO and HT-29 cells, overexpression of 
circTADA2A inhibited cell proliferation (Figure 2B). 
Additionally, depletion of circTADA2A remarkably 
restrained the colony-forming capability of LOVO and 
HT-29 cells. On the contrary, upregulation of 
circTADA2A resulted in the opposite consequence 
(Figure 2C). The transwell assay demonstrated that 
circTADA2A knockdown augmented the number of 
migrated cells, while LOVO and HT-29 cells 

overexpressing circTADA2A displayed the reduced capa-
city for migration (Figure 2D). By the large, these findings 
provided strong evidence that circTADA2A played 
a tumor suppressor role in CRC.

circTADA2A Functioned as a miRNA 
Sponge for miR-1229
In view of the dominating location of circTADA2A in the 
cytoplasm, we therewith investigated miRNAs targeting 
circTADA2A through the competitive endogenous 
(ceRNA) mechanism. With the aid of bioinformatics ana-
lysis, miR-1229 was found to own the potential to bind 
with circTADA2A (Figure 3A). As shown in Figure 3B, 
miR-1229 mimic obviously lowered the luciferase activity 

Figure 2 circTADA2A led to the suppression of cell proliferation and migration in colorectal cancer. (A) The qRT-PCR assay was conducted to determine the transfection 
efficiency for circTADA2A in LOVO and HT-29 cells, which were verified by qRT-PCR analysis (n=6). (B) The viability of LOVO and HT-29 cells was determined by CCK-8 
assay (n=6). (C) The effects of circTADA2A on cell proliferation were estimated by colony formation assay (n=6). (D) Transwell assay was employed to measure cell 
migration (n=6). **p≤0.01.

Cancer Management and Research 2021:13                                                                                     https://doi.org/10.2147/CMAR.S314548                                                                                                                                                                                                                       

DovePress                                                                                                                       
6815

Dovepress                                                                                                                                                               Hu et al

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


of wild-type circTADA2A as opposed to miR-NC, 
whereas no significant change occurred in the luciferase 
activity of mutated circTADA2A (Figure 3B). 
Consistently, RNA pull-down assay delineated that 
circTADA2A was abundantly expressed in mixture pulled 
down by miR-1229, confirming the binding relationship 
between circTADA2A and miR-1229 (Figure 3C). 
Furthermore, we observed that downregulation of 
circTADA2A caused the increased level of miR-1229 
and circTADA2A overexpression weakened miR-1229 
expression (Figure 3D). Results of Pearson correlation 
analysis illuminated the inverse association of 
circTADA2A expression with miR-1229 level in clinical 
tissue samples (Figure 3E). In addition, qRT-PCR assay 

revealed that miR-1229 was expressed at a higher level in 
CRC tissues and cells compared to normal tissue samples 
and cells (Figure 3F and G). Based on the foregoing 
results, we concluded that miR-1229 was sponged by 
circTADA2A.

Ectopic Expression of miR-1229 
Abolished the Regulatory Function of 
circTADA2A in CRC
In order to explore whether circTADA2A exerted its anti- 
tumor property in CRC by modulation of miR-1229, we 
carried out rescue experiments. qRT-PCR assay suggested 
that the declined expression of miR-1229 caused by 
circTADA2A overexpression was recovered when LOVO 

Figure 3 circTADA2A functioned as a miRNA sponge for miR-1229. (A) The predicted binding sites of circTADA2A for miR-1229 in was determined by circinteractome 
website. (B) The binding relationship between circTADA2A and miR-1229 was confirmed by luciferase reporter assay (n=3). (B and C) The binding relationship between 
circTADA2A and miR-1229 was verified by an RNA pull-down experiment (n=3). (D) The qRT-PCR detection of miR-1229 expression in LOVO and HT-29 cells when 
circTADA2A was knocked down or overexpressed (n=6). (E) Pearson correlation analysis indicated the negative association between circTADA2A and miR-1229 
expression. (F and G) qRT-PCR assay was carried out to measure the expression level of miR-1229 in colorectal cancer tissues (n=25) and cells (n=6). **p≤0.01 vs FHC.
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and HT-29 cells were transfected with miR-1229 mimic 
(Figure 4A). Results of CCK-8 assay exhibited that miR- 
1229 mimic reversed the circTADA2A-mediated inhibi-
tion of cell proliferation in CRC (Figure 4B). In concert 
with these findings, the colony formation assay further 
validated the role of circTADA2A/miR-1229 in the pro-
liferative capacity of LOVO and HT-29 cells (Figure 4C). 
Furthermore, it was disclosed by transwell assay that over-
expression of miR-1229 reinstated the migration of LOVO 
and HT-29 cells suppressed by ectopic expression of 
circTADA2A (Figure 4D). In a word, these results sup-
ported the hypothesis that miR-1229 was responsible for 

the effects of circTADA2A on cell proliferation and 
migration in CRC.

circTADA2A Protected BCL2L10 from 
miR-1229-Mediated Suppression via 
Acting as a ceRNA
Given that miRNAs are participated in tumor progression 
by regulating target genes at post-transcriptional level, we 
sought to screen candidate targets of miR-1229 using 3 
bioinformatics tools (Targetscan, miRDB and DIANA) 
and uncovered that BCL2L10 was a potential functional 
target of miR-1229 (Figure 5A and B). Afterwards, 

Figure 4 Ectopic expression of miR-1229 abolished the regulatory function of circTADA2A in colorectal cancer. (A) The qRT-PCR analysis of miR-1229 level was carried 
out in LOVO and HT-29 cells after transfection (n=6). (B and C) CCK-8 and colony formation assays were conducted for evaluation of cell proliferation (n=6). (D) The role 
of circTADA2A/miR-1299 in colorectal cancer cell migration was assessed by transwell migration assay (n=6). **p≤0.01.
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luciferase reporter assay manifested that miR-1229 mimic 
only lessened the luciferase activity of wild-type 
BCL2L10, but did not alter the activity of the mutant 
form (Figure 5C). Similarly, RNA pull down assay justi-
fied that miR-1229 directly bound to BCL2L10 
(Figure 5D). Considering the ceRNA theory, we deter-
mined the impacts of circTADA2A on BCL2L10 expres-
sion. Our data showed that depletion of circTADA2A 
triggered the decrease of BCL2L10 level, overexpression 
of circTADA2A enhanced BCL2L10 expression 
(Figure 5E). Inversely, miR-1229 mimic reduced the 
expression of BCL2L10, and suppression of miR-1229 
led to the opposite result (Figure 5F). Western blot further 
demonstrated the inhibitory role of miR-1229 in BCL2L10 
protein expression level (Figure 5G). Of note, the negative 
association between miR-1229 and BCL2L10 expression 
as well as the positive relationship between circTADA2A 
and BCL2L10 expression were obtained in tissue 

specimens, as evidenced by a Pearson correlation analysis 
(Figure 5H and I).

circTADA2A Inhibited the Malignant 
Behavior of CRC Cells by Regulating 
miR-1229/BCL2L10 Axis
Finally, we intended to confirm whether the suppressive 
influences of circTADA2A on CRC cell proliferation and 
migration were mediated by BCL2L10. Hence, LOVO and 
HT-29 cells were treated with si-BCL2L10 following 
transfection with circTADA2A overexpressing plasmids. 
Results of qRT-PCR analysis suggested that ectopic 
expression of circTADA2A contributed to the overt 
increase of BCL2L10 level and the recovery of 
BCL2L10 expression occurred due to silencing of 
BCL2L10 (Figure 6A). The CCK-8 and colony formation 
assays certified that cell proliferation repressed by 
circTADA2A overexpression was retrieved in response to 

Figure 5 circTADA2A protected BCL2L10 from miR-1229-mediated suppression via acting as a ceRNA. (A) Candidate target genes of miR-1229 were analyzed by 
Targetscan, miRDB and DIANA databases. (B) The miR-1229 binding sites in the 3’UTR of BCL2L10. (C) Luciferase reporter and (D) RNA pull-down assays were carried 
out to estimate the interaction of miR-1299 and BCL2L10 (n=3). (E) qRT-PCR was used to detect BCL2L10 expression were observed in transfected LOVO and HT-29 cells 
(n=6). (F and G) The qRT-PCR and Western blot results of BCL2L10 expression in transfected LOVO and HT-29 cells (n=6). The correlations between (H) BCL2L10 and 
miR-1229 as well as between (I) BCL2L10 and circTADA2A expression were analyzed by Pearson correlation analysis. **p≤0.01.
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depletion of BCL2L10 (Figure 6B and C). Furthermore, 
we observed that knockdown of BCL2L10 abrogated the 
anti-tumor effects of circTADA2A on the migratory ability 
of LOVO and HT-29 cells (Figure 6D). Collectively, the 
above findings manifested that circTADA2A impeded 
CRC cell proliferation and migration via targeting miR- 
1229-mediated BCL2L10.

Discussion
Colorectal cancer is recognized as one of the most frequently 
diagnosed malignancies in digestive system, resulting in 
a myriad of people dying from this disease worldwide.19 To 

a certain extent, progress has been obtained in clinical inter-
ventions for CRC, contributing to the prolongation of 
patients’ life expectancy.20 However, the prognosis of 
patients with CRC remains far from favorable on account 
of delayed diagnosis, metastasis, radioresistance and 
recurrence.21,22 Hence, it is necessary to explore the patho-
genesis of CRC and seek for diagnostic and therapeutic 
targets in order to ameliorate the curative efficacy of CRC.

With great advances in molecular biology technology, 
various lines of evidence highlight that circRNAs are 
involved in numerous cell activities of CRCr.23,24 For 
instance, circHIPK3 contributes to cell growth and 

Figure 6 BCL2L10 knockdown reversed the effect of circTADA2A on colorectal cancer progression. (A) The effectiveness of transfection was determined by qRT-PCR 
assay (n=6). (B and C) Cell proliferative capacity was detected with CCK-8 and colony formation assays (n=6). (D) Transwell migration assay was used to examine the 
effects of miR-1229/BCL2L10 axis on colorectal cancer cell migration (n=6). **p≤0.01.
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metastasis of CRC via sponging miR-7.25 Exosome- 
delivered hsa_circ_0005963 facilitates glycolysis to 
enhance chemoresistance in CRC by the miR-122-PKM2 
axis.26 CircRNA_101951 accelerates CRC cell migration 
and invasion through activating the KIF3A-mediated EMT 
pathway.27 The results of microarray analysis unveiled that 
the differential expression of circTADA2A was the most 
significant in CRC tissues among down-regulated 
circRNAs. Interestingly, circTADA2A has been testified 
to exert opposite roles in osteosarcoma and breast 
cancer.28,29 As in CRC, circTADA2A has been reported 
to play a anti-cancer role via miR-374a-3p/KLF14 axis.30 

Nonetheless, the potential of circTADA2A and its latent 
mechanism in CRC remain unclear. Hence, we focused on 
characterizing the functional role of circTADA2A in CRC 
development. Our findings revealed that the expression of 
circTADA2A was lower in CRC specimens and cells than 
that in normal tissue samples and cells. Here, the results 
are based on a small number of patients. This is 
a limitation of the present study. We will verify these 
findings on a large number of patients in our further 
study. Moreover, functional assays manifested that 
circTADA2A played a tumor suppressor role in the malig-
nant behaviors of CRC cells. However, animal study has 
not been carried out to further confirm the anti-cancer role 
of circTADA2A in vivo, which is another limitation of this 
study. Here, we will conduct the in vivo study and explore 
the role of circTADA2A in near future.

The ceRNA hypothesis emphasizes that transcripts 
containing miRNA-binding sites compete with each other 
in the regulatory network at the post-transcriptional 
level.31 Accumulating investigations support the above 
hypothesis and prove that circRNAs modulate the activity 
of miRNAs to affect the expression of target genes by 
serving as miRNA sponges.32,33 FISH assay showed that 
circTADA2A was principally localized in the cytoplasm of 
CRC cells, unraveling that circTADA2A might execute its 
performance in cell proliferation and migration of CRC 
through a ceRNA-dependent mechanism. Through brows-
ing circinteractome database, circTADA2A was discovered 
to harbor the predicted binding sites with miR-1229. Of 
note, previous researches have demonstrated that upregu-
lation of miR-1229 is a prognostic indicator for CRC.34,35 

Thus, we selected miR-1229 for in-depth study. 
Subsequently, our findings confirmed that circTADA2A 
exhibited the strong-binding capacity for miR-1229 and 
negatively regulated miR-1229 expression. More impor-
tantly, the anti-tumor property of circTADA2A in CRC 

was mediated by miR-1229. Moreover, BCL2L10, which 
has been validated to be a tumor suppressor gene in 
ovarian cancer, gastric cancer and hepatocellular 
carcinoma,36–38 was found to be a potential functional 
target gene of miR-1229 via bioinformatics analysis. 
Further assay demonstrated that BCL2L10 directly bound 
to miR-1229 and circTADA2A affected BCL2L10 expres-
sion level through competing for miR-1229. Finally, we 
unveiled that suppression of BCL2L10 abolished the inhi-
bitory impacts of circTADA2A on CRC progression.

To the best of our knowledge, the present study shed light 
on the function and molecular mechanism of circTADA2A in 
CRC for the first time. To sum up, our results certified that 
circTADA2A restrained the proliferation and migration of 
CRC cells by sponging miR-1229 to modulate BCL2L10, 
which provided experimental evidence for the possibility of 
circTADA2A as a novel therapeutic biomarker for CRC.
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