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Hypoxia-induced circCCDC66 promotes the tumorigenesis
of colorectal cancer via the miR-3140/autophagy pathway
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Abstract. Circular RNAs (circRNAs) have been reported to
be involved in the progression of colorectal cancer (CRC).
However, the biological role of circCCDC66 in CRC remains
unclear. Therefore, the present study aimed to elucidate
the mechanisms through which circCCDC66 affects the
hypoxia-induced progression of CRC. It was found that hypoxia
promoted the progression of CRC and upregulated the expres-
sion of circCCDC66. Furthermore, circCCDC66-knockdown
reduced viability, migration and invasion, and enhanced the
apoptosis of hypoxia-exposed CRC cells. Using the starBase
database, it was identified that circCCDC66 may bind to
miR-3140. Subsequently, it was confirmed that circCCDC66
serves as a sponge of miR-3140 and the depletion of miR-3140
partly abolished the effects of circCCDC66 on the phenotype
of hypoxia-exposed CRC cells. In addition, miR-3140 was
validated to inhibit the autophagy pathway. The use of an
autophagy inducer partially reversed the miR-3140 overexpres-
sion-induced inhibition of the viability and invasion, and the
promotion of the apoptosis of hypoxia-exposed CRC cells. In
summary, the findings of the present study demonstrated that
circCCDC66 facilitates the development of CRC cells under
hypoxic conditions via regulation of miR-3140/autophagy.
These findings may provide a novel therapeutic option for
patients with CRC.
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Introduction

Colorectal cancer (CRC) is the third most prevalent malignant
neoplasm and one of the leading causes of cancer-associated
mortality worldwide (1,2). Despite great efforts dedicated to
therapeutic improvements, the prognosis of patients with CRC
remains far from satisfactory (3,4). Hypoxia is a hallmark of
the microenvironment and contributes to tumor progression
and metastasis in various types of cancer, including CRC. For
example, hypoxia has been shown to promote the metastasis
of CRC by upregulating GDF15 expression (5). Hypoxia also
facilitates epithelial-mesenchymal transition in CRC cells by
regulating USP47 (6). Accordingly, it is imperative to elucidate
the mechanisms governing CRC and the function of hypoxia
in CRC.

Circular RNAs (circRNAs) are a category of non-coding
RNA transcripts with circular configuration, which originate
from exonic, intronic and intergenic regions (7,8). There is
ample evidence to indicate that circRNAs are involved in the
regulation of various biological activities of malignant tumors.
For example, circRNA_00580631 has been shown to promote
tumorigenesis of bladder cancer by sponging miR-486-3p
and targeting FOXP4 (9). circRNA MTOI inhibits gastric
carcinoma progression via targeting the miR-3200-5p/PEBP1
axis (10). circRNA_103809 functions as a competing
endogenous RNA (ceRNA) to promote the proliferation and
migration of CRC cells by targeting the miR-532-3p/FOX04
axis (11). circHIPK3 acts as a sponge of miR-7 to facilitate
CRC growth and metastasis (12). It has been reported that
circCCDC66 is upregulated in colon cancer and promotes the
growth and metastasis of colon cancer (13). In addition, several
studies have demonstrated that circRNAs are associated with
hypoxia-mediated progression of various cancers, such as
bladder cancer and breast cancer (14,15). However, the role and
molecular mechanisms of circCCDC66 in hypoxia-induced
CRC remain largely unknown.

MicroRNAs (miRNAs or miRs) are a type of short
non-coding RNA that comprise 18-25 nucleotides and
are involved in the development and evolution of multiple
diseases (16,17). The dysregulation of miRNAs has been justified
in a wide range of cancers and miRNAs function as oncogenes
or tumor suppressors via the modulation of cellular processes,
such as cell viability, apoptosis, migration, invasion and differ-
entiation (18-20). miR-3140 has been reported to inhibit tumor
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growth in vivo or in vitro (21). Nevertheless, whether miR-3140
is involved in CRC remains to be further clarified.

In the present study, the specific function of circCCDC66
in CRC under hypoxic conditions was investigated and
it was found that circCCDC66 promoted the malignant
behaviors of hypoxia-exposed CRC cells by regulating the
miR-3140/autophagy pathway. These findings may provide
insight into the development of more effective therapeutic
strategies for patients with CRC.

Materials and methods

Clinical specimens. The CRC tissues were collected
from 29 patients (19 males and 10 females; 13 stage I-II
and 16 stage III-IV) with a median age of 47 years (range,
31-79 years) between May 2015 and August 2018 at the First
People's Hospital of Changzhou. Written informed consent
was obtained from all patients prior to the study start. All
tissue samples were obtained and immediately stored at -80°C
prior to further experiments. The present study was approved
by the First People's Hospital of Changzhou.

Cell culture and treatment. The human CRC cell lines
(HCT116 and SW620), human colon mucosal cells (NCM460)
and 293T cells were purchased from the American Type
Culture Collection (ATCC) and maintained in DMEM (Gibco;
Thermo Fisher Scientific, Inc.) with 10% FBS (Gibco; Thermo
Fisher Scientific, Inc.), 100 pg/ml streptomycin and 100 U/ml
penicillin. Cells in the normoxia group were incubated at
37°C with 95% atmospheric air and 5% CO, at 6 1/min for 4 h.
Cells in the hypoxia group were incubated at 37°C in 94% N,,
5% CO, and 1% O, at 6 1/min for 4 h.

Cell transfection. The short hairpin RNAs (shRNAs) targeting
circCCDC66 (sh-circCCDC66) with the negative control
(sh-NC), miR-3140 mimic with the negative control (NC
mimic) and miR-3140 inhibitor with the negative control
(NC inhibitor) were synthesized by GenePharma (Shanghai,
China). Transfection was conducted with Lipofectamine 2000
transfection reagent (Invitrogen; Thermo Fisher Scientific,
Inc.) according to the manufacturer's instructions.

Cell counting Kit-8 (CCK-8) assay. Following transfec-
tion, 3x10° cells/well were seeded into 96-well plates and
then cultured at 37°C. At 0, 24, 48 and 72 h, each well was
supplemented with 10 yl CCK-8 reagent (Dojindo Molecular
Technologies, Inc.) and incubated for a further 4 h. The absor-
bance was examined at 450 nm using a microplate reader
(Molecular Devices LLC).

Flow cytometric analysis. HCT116 and SW620 cells were
collected with trypsin and rinsed twice using cold PBS,
stained with Annexin V for 10 min in the dark and then
treated with PI for 5 min, according to the manufacturer's
recommendations (BD Biosciences). Following the addition of
Annexin V-binding buffer, apoptotic cells were detected with
a FACSCalibur flow cytometer (BD Biosciences) and analyzed
using FlowJo software (version 7.5, TreeStar). The upper right
and low right segments of the flow cytometry dot plots were
counted to determine the level of apoptotic cells.
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Wound healing assay. The migratory ability of the cells was
evaluated by a wound healing assay. Cells were seeded into
6-well plates and grown until 100% confluent. Subsequently,
a scratch wound was produced with a sterile 200-u1 pipette
tip and the cell debris was washed away using PBS. Cells
were incubated in 1% FBS-supplemented DMEM for an
additional 24 h. The scratch wound was observed at 0 and
24 h following incubation. Images were captured in randomly
selected view fields under an Olympus CX31 microscope
(Olympus Corporation) and analyzed using ImageJ software
(version 1.48, National Institutes of Health).

Transwell assay. Cell invasion was assessed by a Transwell
assay. A total of 5x10° cells and 200 ul serum-free DMEM
were plated into the upper chamber of a Matrigel-coated 8-ym
pore membrane (BD Biosciences). The bottom chamber was
supplemented with 600 1 DMEM with 10% FBS. Following
24 h of incubation, cells in the upper chamber were removed
using a cotton swab. The invaded cells were fixed by 70%
ethanol, stained with 0.1% crystal violet and counted in five
random fields using a light microscope (Nikon Corporation;
magnification, x200).

Quantitative real-time polymerase chain reaction (RT-qPCR).
Total RNA from tissues and cell lines was extracted by using
TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.)
according to the manufacturer's instructions. Reverse transcrip-
tion (RT) was conducted by using the Takara PrimeScript Kit
(Takara) at 37°C for 15 min. Subsequently, the RT-quantitative
(@Q)PCR assay was performed with the ViiATM 7 Real-Time
PCR System (Thermo Fisher Scientific, Inc.) to detect the
gene expression level. Relative gene expression was calculated
using the 2°24° method (22). GAPDH and U6 were set as
internal controls. The PCR amplification reaction was carried
out using cDNA as template with the following conditions:
95°C for 10 min, 95°C for 15 sec, 62°C for 30 sec, and 72°C
for 30 sec. Primers used for PCR are as follows: circCCDC66
forward, 5'-ACCTACAACCGGAAGCCAG-3' and reverse,
5'-AGCAGTACTGTTTCCTGATGC-3'; miR-3140 forward,
5'-CTTCCACTCGACGTGCTGGAAGT-3' and reverse,
5-ACGGTCTCGTGCAGTCGTCAACG-3'; Beclinl forward,
5'-ACCGTGTCACCATCCAGGAA-3' and reverse, 5'-GAA
GCTGTTGGCACTTTCTGT-3'; p62 forward, 5'-GCAGAA
TGCCATGGTTTCCC-3' and reverse, 5'-GTGATGGCTCCC
CTTAC-3'; HIF1A forward, 5"TATGAGCCAGAAGAACTT
TTAGGC-3' and reverse, 5'-CACCTCTTTTGGCAAGCA
TCCTG-3'; GAPDH forward, 5'-ACAACTTTGGTATCG
TGGAAGG-3' and reverse, 5'-GCCATCACGCCACAGTT
TC-3'; U6 forward, 5'-CTCGCTTCGGCAGCACATA-3' and
reverse, 5S'-AACGATTCACGAATTTGCGT-3'.

Western blot analysis. Cell lysates were obtained with RIPA
lysisbuffercontaining 1% protease inhibitor and protein concen-
trations were determined using a BCA kit (Thermo Fisher
Scientific, Inc.). Subsequently, 10 ug protein/lane was detached
by 10% SDS-PAGE and transferred to PVDF membranes.
After sealing in 5% skim milk for 2 h, the membranes were
probed with primary antibodies against Beclinl (dilution,
1:1,000; #3738, Cell Signaling Technology, Inc.), p62 (dilu-
tion 1:1,000; #88588, Cell Signaling Technology, Inc.), Bcl-2
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(dilution 1:1,000; #15071, Cell Signaling Technology, Inc.),
Bax (dilution 1:1,000; #2774, Cell Signaling Technology, Inc.),
HIF1A (dilution 1:1,000; #3716, Cell Signaling Technology,
Inc.) and GAPDH (dilution 1:1,000; sc-47724; Santa Cruz
Biotechnology, Inc.) at 4°C overnight, followed by incubation
with horseradish peroxidase-conjugated secondary antibodies
(dilution 1:1,000; goat anti-mouse IgG, ab205719 and goat
anti-rabbit IgG, ab205718; Abcam) for 2 h at room temperature
and visualized with the enhanced chemiluminescence (ECL)
kit (Thermo Fisher Scientific, Inc.). Protein expression was
quantified using Image-Pro® Plus software (version 6.0; Media
Cybernetics, Inc.).

Bioinformatics analysis and luciferase reporter assays. The
starBase database (http://starbase.sysu.edu.cn/) was used
to predict the potential target genes of circCCDC66. The
sequence of the 3'-UTR (untranslated region) of miR-3140
was identified as a novel potential target gene. To evaluate the
association between miR-3140 and circCCDC66, a luciferase
reporter assay was carried out. The fragments of circCCDC66
containing the speculated miR-3140 binding sites were
inserted into the reporter vectors pmiRGLO (Shanghai
GenePharma Co., Ltd.) to construct circCCDC66-WT plas-
mids. The circCCDC66-Mut vectors were synthesized by
mutating the sequences of the binding sites. Subsequently,
293T cells were co-transfected with indicated reporter vectors
and NC mimic, miR-3140 mimic, NC inhibitor, and miR-3140
inhibitor. At 48 h post-transfection, the Dual Luciferase assay
system (Promega Corp.) was utilized to measure the luciferase
activity based on the manufacturer's instructions.

Statistical analysis. Data are presented as the mean + SD of
three independent assays. All statistical analyses were carried
out with SPSS 17.0 software (SPSS, Inc.). Comparisons of
parameters between two groups were analyzed by a paired
Student's t-test. Comparisons among multiple groups were
performed using one-way ANOVA followed by Tukey's test.
All experiments were conducted for three replicates. P<0.05
was considered to indicate a statistically significant difference.

Results

Knockdown of circCCDC66 inhibits the progression of CRC
cells. Firstly, we determined the expression of circCCDC66
in CRC tissues and cell lines (HCT116 and SW620). As
demonstrated by RT-qPCR, circCCDC66 expression was
significantly increased in CRC tissues compared with that
in the corresponding normal tissues (Fig. 1A). In addition,
circCCDC66 expression was higher in CRC cell lines than
that of the NCM460 control (Fig. 1B). To investigate the
biological role of circCCDC66 in CRC, HCT116 and SW620
cells were transfected with sh-NC and sh-circCCDC66. The
transfection efficiency was confirmed by RT-qPCR (Fig. 1C).
Moreover, knockdown of circCCDC66 reduced viability,
migration and invasion, and enhanced the apoptosis of
CRC cells (Fig. 1D-G). Western blot analysis indicated that
circCCDC66 knockdown significantly increased the level of
Bax and significantly decreased Bcl-2 expression (Fig. 1H).
Overall, the data indicated that circCCDC66 promoted the
tumorigenesis of CRC.
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Hypoxia contributes to the progression of CRC and upregu-
lates circCCDC66 expression. In order to investigate the role
of hypoxia in CRC, HCT116 and SW620 cells were exposed
to hypoxia. As a factor closely related to hypoxic changes,
hypoxia inducible factor 1 subunit a (HIF1A) mRNA and
protein levels were both significantly promoted following
exposure to hypoxia (Fig. 2A). Furthermore, RT-qPCR indi-
cated that hypoxia significantly increased the expression of
circCCDC66 in CRC cells (Fig. 2B). CCK-8 assay indicated
that hypoxia led to a significant increase in cell viability
(Fig. 2C). Transwell and wound healing assays demonstrated
that exposure to hypoxia facilitated the invasion and migration
of HCT116 and SW620 cells (Fig. 2D and E). Consistently, it
was observed that the apoptosis of CRC cells was significantly
suppressed by hypoxia (Fig. 2F and G). Taken together, these
results indicated that hypoxia promoted the progression of
CRC and circCCDC66 was upregulated in hypoxia-exposed
CRC cells.

Silencing of circCCDC66 suppresses the hypoxia-induced
CRC cell phenotype. Subsequently, the present study aimed
to investigate the exact function of circCCDC66 in CRC.
circCCDC66 expression was knocked down in HCT116 and
SW620 cells by transfection with shcircCCDC66 (Fig. 3A).
CCK-8 assay revealed that the depletion of circCCDC66
significantly decreased cell viability following exposure to
hypoxia (Fig. 3B). Transwell assay and wound healing assay
disclosed that the ability of invasion and migration was
suppressed by the downregulation of circCCDCG66 in the
hypoxia-exposed CRC cells (Fig. 3C and D). Consistently, flow
cytometric analysis and western blot analysis illustrated that
circCCDC66 knockdown contributed to a significant increase
in the apoptosis of the hypoxia-exposed HCT116 and SW620
cells (Fig. 3E and F). Taken together, these results provided
strong evidence that the inhibition of circCCDC66 suppresses
the hypoxia-induced malignant behaviors of CRC cells.

circCCDC66 functions as a sponge of miR-3140. By using
the starBase database, miR-3140 was predicted as a poten-
tial downstream target gene of circCCDC66 (Fig. 4A).
Luciferase reporter assay delineated that the luciferase
activity of wild-type circCCDC66 was impaired by miR-3140
mimic and increased by miR-3140 inhibitor; however, the
luciferase activity of mutant circCCDC66 exhibited no
response to miR-3140 mimic or inhibitor, which confirmed
that circCCDC66 directly bound to miR-3140 (Fig. 4B).
Furthermore, the results of RT-qPCR analysis elucidated that
the overexpression of miR-3140 significantly diminished the
expression of circCCDC66, whereas the depletion of miR-3140
significantly increased the circCCDC66 level (Fig. 4C). In a
word, these findings affirmed that miR-3140 was sponged by
circCCDC66.

Inhibition of miR-3140 partially abrogates the effects of
circCCDC66 knockdown on hypoxia-exposed CRC cells.
Thereafter, the present study aimed to validate whether
circCCDC66 exerts its function through miR-3140. The
results of RT-qPCR revealed that miR-3140 expression was
increased by the knockdown of circCCDC66 and restora-
tion of the miR-3140 level occurred following transfection



1976 FENG et al: circCCDC66 PROMOTES CRC PROGRESSION UNDER HYPOXIA

>
w

C e 5H-NC
Q 3 .. Q 3 2 15 wm sh-circCCDCB6
Q - &} Q
[~ L] u =] [= .
Q52 " Q5 8910
U B
% a et 3] a fé 2
SE | smere se sg :
251 vy 25 2505 2
= ot © ©
@ @ €
104 0 r . o o
Normal (n=29) CRC (n=29) HCT116  SW620
w
o
D HCT116 SW620 E 2
-+-sh-NC - sh-NC 8
g 1.59 -sh-circCCDCE6 § 1.57 -a-sh-circCCDC66 g %
3 ] s
o 1.0 o 1.0 3
505 g 05
> >
So00l— : : : 8 00l— : : :
0Oh 24h 48h 72h Oh 24h 48h 72h
] w
F 8 8
[m] [m]
Q Q
Q Q
8] 2 [&] 2
< ? = 3
= = = =
[ w o (]
HCT116 SWE20
w w
3 3
8 8
G o Q Q w=sh-NC
2 5 % B o 40 " sh-circCCDCB6
i = = = —
] [} [] w @ 30 * *
10%) 105 | 105 T 10% T ] ®
— 10t -t T — 10* RE=T)]
Qo fg* Qo & Oy o s ?‘_s 1 8
102 19 102 102, a 10
(o} SN S— L5 S — 1 [} =]
a10?10*10%10° 010710%10%10° 01040%0%108 owAceor
AnnexinV FITC AnnexinV FITC  Annexin V FITC Annexin V FITC 0
——— e — HCT116 SwWe20
HCT116 SWe620
H ©
3 @©
O Q
< 3
HCT116 8 SW620 o 2
- = sh-NC e % - mmsh-NC = S
ks w= sh-circCCDC66 = = S mush-circCCDC66 G G
@ 3 . @ @ 2 3 .
a1} i}
¢ -— - |
5 2 % 2
21 2
(=1 (=1
30 B Bel-2 z B Bcl-2
© ax cl- —_—— © ax cl- _
o« HCT116 o

SW620

Figure 1. Knockdown of circCCDC66 inhibits the progression of CRC cells. (A) The expression of circCCDC66 in CRC tissues and adjacent non-cancerous
tissues was determined by RT-qPCR. "P<0.05 vs. the normal tissues. (B) Expression of circCCDC66 in CRC cell lines (HCT116 and SW620) and human colon
mucosal cells (NCM460) was measured by RT-qPCR. "P<0.05 vs. NCM460 cells. (C) Expression of circCCDC66 in HCT116 and SW620 transfected with
sh-NC or sh-circCCDC66 was determined by RT-gPCR. “P<0.05 vs. the sh-NC group. (D) CCK-8 assay showed the viability of HCT116 and SW620 cells
transfected with sh-NC or sh-circCCDC66. "P<0.05 vs. the sh-NC group. (E and F) Transwell assay and wound healing assay were employed to determine
the migratory and invasive abilities of HCT116 and SW620 cells transfected with sh-NC or sh-circCCDC66. (G) Flow cytometry analysis was used to detect
the apoptosis of HCT116 and SW620 cells transfected with sh-NC or sh-circCCDC66. "P<0.05 vs. the sh-NC group. (H) The protein levels of Bax and Bcl-2

in HCT116 and SW620 cells transfected with sh-NC or sh-circCCDC66 were detected by western blot analysis. "P<0.05 vs. the sh-NC group. CRC, colorectal
cancer.
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Figure 2. Hypoxia contributes to the progression of CRC and upregulates circCCDC66 expression. (A) HIFIA mRNA and protein levels were measured in
hypoxia-exposed HCT116 and SW620 cells by RT-qPCR and western blot analysis. “P<0.05 vs. normoxia. (B) RT-qPCR showed circCCDC66 expression in
HCT116 and SW620 cells after hypoxia treatment. "P<0.05 vs. normoxia. (C) The viability of hypoxia-exposed HCT116 and SW620 cells was estimated by
CCK-8 assay. "P<0.05 vs. normoxia. (D) Transwell assay was performed to detect cell invasion in hypoxia-exposed HCT116 and SW620 cells. (E) The migra-
tion ability of hypoxia-exposed HCT116 and SW620 cells was tested by wound healing assay. (F) The apoptosis rate of hypoxia-exposed HCT116 and SW620
cells analyzed by flow cytometry. “P<0.05 vs. normoxia. (G) The protein levels of Bax and Bcl-2 in hypoxia-exposed CRC cells were detected by western blot
analysis. CRC, colorectal cancer; HIF1A, hypoxia inducible factor 1 subunit a.

with miR-3140 inhibitor (Fig. 5A). CCK-8 assay revealed that  the inhibition of miR-3140 (Fig. 5B). Moreover, the suppres-
the viability of hypoxia-exposed HCT116 cells, which was  sion of the cell invasive and migratory abilities induced by the
suppressed by circCCDC66 downregulation, was increased by  silencing of circCCDC66 was abolished by transfection with



1978

FENG et al: circCCDC66 PROMOTES CRC PROGRESSION UNDER HYPOXIA

A Hypoxia B . .
- HCT116/Hypoxia SW620/Hypoxia
§ 15, mmsh-NC - sh-NC - sh-NC
g w sh-circCCDCB6 5 151 --sh-circCCDCE6 5 151 = sh-circcCDC66
3 < 2

1] 1]
©1.0 4 [a] o
8 o) 1.0 4 N o 1.0
o 2z 2z '
2 T 35 3
£0.5+ “ 3 0.5 3 0.5
o > >
2 ] 3
= [&] (&)
% 0.0 4 0.0 T T T T 0.0 T T T T
o HCT116 SWE20 Oh 24 h 48 h 72h Oh 24 h 48 h 72h
D sh-NC sh-circCCDC66 sh-NC sh-circCCDC66
C sh-NC  sh-circCCDC66
HCT116 oh
SWe20
o 24 h
HCT116/Hypoxia SW620/Hypoxia
= sh-NC
30+ " sh-circCCDC66
E sh-NC sh-circCCDCE6 sh-NC sh-circCCDCE6 g -
1081 108 105 I 10% @
P 10 _ 1w @ _w _ 104 L @
107 Og2 Oy & gl n
10624 'g 103 ﬁ 18] é 102, 5 E
o 01 ol T o ]________ =4
0107107 10%10% 0102107 10% 10 0102107 10*10° 0107 10% 10* 10° 5_
Annexin V FITC Annexin V FITC Annexin V FITC Annexin V FITC
HCT116/Hypoxia SW620/Hypoxia
HCT116 SWe20
F sh-NC  sh-circCCDC66 sh-NC sh-circGCDCES

HCT116/Hypoxia

SW620/Hypoxia

Figure 3. Silencing of circCCDC66 suppresses hypoxia-induced CRC cell phenotype. (A) The efficiency of circCCDC66 knockdown in hypoxia-exposed
HCT116 and SW620 cells was verified by RT-qPCR analysis. "P<0.05 vs. the sh-NC group. (B) CCK-8 assay was conducted to examine cell viability in HCT116
and SW620 cells transfected with sh-NC or sh-circCCDC66 after exposure to hypoxia condition. "P<0.05 vs. the sh-NC group. (C and D) The impacts of
sh-circCCDC66 on cell invasion and migration of HCT116 and SW620 cells treated with hypoxia were estimated by Transwell assay and wound healing assay.
(E) Flow cytometric analysis was used to detect the apoptosis of hypoxia-exposed HCT116 and SW620 cells following circCCDC66 downregulation. "P<0.05
vs. the sh-NC group. (F) The protein levels of Bax and Bcl-2 in hypoxia-exposed CRC cells were detected by western blot analysis. CRC, colorectal cancer.

miR-3140 inhibitor (Fig. 5C and D). In agreement with the
above-mentioned findings, flow cytometric analysis and western
blot analysis revealed that the increased apoptosis rate following
circCCDC66 depletion on cell apoptosis was partly abrogated
by the downregulation of miR-3140 in the hypoxia-exposed
cells (Fig. 5E and F). Thus, circCCDC66 executed its oncogenic
role in hypoxia-exposed CRC cells by regulating miR-3140.

miR-3140 inhibits the autophagy pathway. Considering that
autophagy plays a vital role in the development and evolu-
tion of malignancies, the association between autophagy
and miR-3140 was subsequently investigated. The results of
RT-gPCR and western blot analysis revealed that the elevated

expression of miR-3140 resulted in a significant reduction in
Beclinl expression and a significant increase in the p62 level,
while the silencing of miR-3140 increased the level of Beclinl
and significantly decreased p62 expression (Fig. 6A and B).
Based on these results, it was concluded that miR-3140 led to
the suppression of autophagy.

Activation of autophagy recovers the miR-3140-regulated
cell phenotype of hypoxia-exposed CRC cells. Rescue
experiments were performed to verify the specific function
of autophagy in the circCCDC66/miR-3140 axis. CCK-8
assay revealed that the enhanced expression of miR-3140
decreased cell viability and the autophagy inducer rapamycin
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sion of miR-3140 in hypoxia-exposed HCT116 cells transfected with sh-NC, sh-circCCDC66, sh-circCCDC66 + miR-3140 inhibitor. “P<0.05. (B) CCK-8
assay showed the viability of hypoxia-exposed HCT116 cells transfected with sh-NC, sh-circCCDC66, sh-circCCDC66 + miR-3140 inhibitor. "P<0.05.
(C and D) Transwell and wound healing assays showed the migratory and invasive abilities in HCT116 cells treated with hypoxia. (E) Flow cytometric assay
showed the apoptosis rate of hypoxia-exposed HCT116 cells transfected with sh-NC, sh-circCCDC66, sh-circCCDC66 + miR-3140 inhibitor. “P<0.05. (F) The
protein levels of Bax and Bcl-2 in hypoxia-exposed HCT116 cells were detected by western blot analysis. CRC, colorectal cancer.
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Figure 6. miR-3140 inhibits the autophagy pathway. (A) RT-qPCR results of the expression of autophagy markers Beclinl and p62 in HCT116 cells transfection
with NC, miR-3140 mimic or miR-3140 inhibitor. "P<0.05 vs. the NC mimic group. (B) The protein levels of Beclinl and p62 were assessed by western blot
analysis when miR-3140 was overexpressed or knocked down in HCT116 cells. GAPDH served as the internal reference.
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Figure 7. Activation of autophagy recovers the miR-3140-regulated cell phenotype of hypoxia-exposed CRC cells. (A) After hypoxia treatment, the cell
viability were analyzed by CCK-8 assay in HCT116 cells transfected with NC mimic, miR-3140 mimic, miR-3140 mimic + RAP. "P<0.05. (B and C) Transwell
assay and wound healing assay showed the migration and invasion of HCT116 cells transfected with NC mimic, miR-3140 mimic, miR-3140 mimic + RAP
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miR-3140 mimic, miR-3140 mimic + RAP. "P<0.05. (E) Western blot analysis showed the protein levels of Bax and Bcl-2 in hypoxia-exposed HCT116 cells
transfected with NC mimic, miR-3140 mimic, miR-3140 mimic + RAP. CRC, colorectal cancer; RAP, rapamycin.

(RAP) significantly recovered the cell proliferative capability
(Fig. 7A). Moreover, it was validated that cell invasion and
migration, which were suppressed by the overexpression of
miR-3140 were renewed owing to the activation of autophagy
(Fig. 7B and C). Additionally, flow cytometric analysis and
western blot revealed that cell apoptosis was significantly
promoted by miR-3140 upregulation; however, treatment with
RAP abolished the effects of miR-3140 ectopic expression on
hypoxia-exposed HCT116 cells (Fig. 7D and E). In summary,
it was concluded that miR-3140 suppressed the progression of
CRC under hypoxic conditions via autophagy.

Discussion

Previous evidence has illuminated that circulating RNAs
(circRNAs) act as vital regulators in tumorigenesis and the
development of diverse malignancies by modulating different
cellular activities (23,24). For example, circRNA_0084043
facilitates malignant melanoma progression via
miR-153-3p/Snail axis (25). CircRNA CBL.11 inhibits cell
proliferation of colorectal cancer by targeting miR-6778-5p
in (26). It has been demonstrated that circCCDC66 plays
an oncogenic role in colon cancer (13). Consistent with the
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previous study, we demonstrated that circCCDC66 expres-
sion was upregulated in colorectal cancer (CRC) tissues and
cell lines, and knockdown of circCCDC66 inhibited the
development and progression of CRC.

Considering that intratumoral hypoxia is one of the driving
forces of tumor occurrence and development (27,28), the
present study explored the biological role of hypoxia in CRC.
The findings revealed that hypoxia induced the progression
of CRC by promoting cell viability, invasion and migration,
whereas it inhibited cell apoptosis. Furthermore, the exposure
of CRC cells to hypoxic conditions increased the expres-
sion of circCCDC66. To further explore the involvement of
circCCDC66 in hypoxia-induced CRC, loss-of-function assays
were performed under hypoxic conditions. The results revealed
that the depletion of circCCDC66 inhibited hypoxia-exposed
CRC cell growth and metastasis. Moreover, the competing
endogenous (ceRNA) network exhibits its regulatory function
in human cancer, and circRNAs can function as ceRNAs,
playing a role in the regulation of cancer (29-32). For example,
circ-0001313 promotes the development and progression of
colon cancer by acting as a ceRNA through sponging miR-510
and regulating AKT?2 (33). circ_0007843 promotes colon
cancer tumorigenesis by downregulating miR-518c (34). In
the present study, it was found that circCCDC66 inhibited
miR-3140 expression via direct interaction. Additionally,
the inhibition of miR-3140 partly abolished the effects of
circCCDC66 downregulation on hypoxia-exposed CRC cells.

Autophagy, a highly conservative process of cell self-degra-
dation, generally appears in a wide spectrum of cancer cells (35).
Previous studies have demonstrated that autophagy is activated
in response to hypoxia and other types of stress, and the activa-
tion of autophagy contributes to the tumorigenesis of numerous
malignancies, including CRC. For example, hypoxia-induced
autophagy promotes the occurrence and progression of CRC
via the PRKC/PKC-EZR pathway (36). Che et al reported that
miR-20a suppressed hypoxia-induced autophagy by targeting
ATGS5/FIP200 in CRC (37). Therefore, to gain a better under-
standing of the molecular regulatory mechanisms underlying
circCCDC66, the present study examined the association
between miR-3140 and autophagy. The experimental data indi-
cated that miR-3140 suppressed autophagy and the activation
of autophagy by RAP renewed the miR-3140-regulated cell
phenotype of hypoxia-exposed CRC cells.

In conclusion, the present study, to the best of our knowl-
edge, is the first to demonstrate that circCCDC66 activates
autophagy to facilitate CRC progression under hypoxic
conditions by sponging miR-3140, which provides a novel ther-
apeutic strategy for CRC. However, some limitations remain
to be further addressed: First, the regulatory mechanisms
of circCCDC66/miR-3140 in CRC in vivo warrant further
investigation. Secondly, the other downstream effectors of
circCCDC66 should be investigated in future studies. Thirdly,
the specific regulatory mechanisms of miR-3140 in the modu-
lation of autophagy remain to be clarified. In addition, further
studies are required to identify the target genes of miR-3140
which are responsible for its association with autophagy.
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