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Background: The changes in dietary patterns cause an increased incidence of colorectal
cancer (CRC) globally. We aimed to explore the mechanism behind circular RNA
circ_0136666 in the progression of CRC.

Materials and Methods: The expression of circ 0136666, miR-383 and cAMP response
element binding protein 1 (CREB1) was detected by real-time quantitative polymerase chain
reaction (RT-qPCR). Cell proliferation, apoptosis and glycolysis were measured by
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT), flow cytometry and glu-
cose or lactate detection kit, respectively. The combination between miR-383 and circ_0136666
or CREBI in 293T cells was predicted by Circular RNA Interactome or Starbase software and
confirmed by dual-luciferase reporter assay. Western blot assay was performed to detect the
abundance of CREBI, hexokinase 2 (HK2) and lactate dehydrogenase A (LDHA) in CRC cells.
Murine xenograft model was established to verify the function of circ_ 0136666 in vivo.
Results: circ 0136666 was aberrantly up-regulated in CRC tissues and cells, and it promoted
the proliferation and glycolysis and inhibited the apoptosis of CRC cells. circ_0136666 accel-
erated the progression of CRC through directly targeting and down-regulating miR-383. CREB1
could bind to miR-383 in 293T cells. The overexpression of CREBI1 reversed the inhibitory
effects of miR-383 accumulation on the proliferation and glycolysis and the promoting impact on
the apoptosis of CRC cells. The enrichment of CREB1 was modulated by circ_0136666/miR-
383 signaling in CRC cells. The glycolysis-related proteins (HK2 and LDHA) were modulated
by circ_0136666/miR-383/CREBI axis in CRC cells. circ_0136666 accelerated the growth of
CRC tumors via circ_0136666/miR-383/CREBI1 axis in vivo.

Conclusion: circ_0136666 deteriorated CRC through miR-383/CREBI axis. circ_0136666/
miR-383/CREBI axis might be an underlying therapeutic target for CRC therapy.
Keywords: colorectal cancer, circ_ 0136666, miR-383, CREBI, proliferation, apoptosis,
glycolysis

Introduction
There were 551,269 deaths of colorectal cancer (CRC) globally in 2018, accounting for
5.8% of all cancers.' The therapeutic strategies for early-stage CRC patients were
surgical resection, chemotherapy and radiotherapy. Nevertheless, the prognosis of CRC
patients remains dismal due to the metastasis and recurrence of CRC tumors.*>
Therefore, it is urgent to investigate the pathogenesis and explore effective markers
for CRC treatment.

Circular RNAs (circRNAs) are a class of non-coding RNAs (ncRNAs), and they
are characterized by the covalently closed loop structure. circRNAs have been reported

to participate in the pathogenesis of many diseases and cancers.”’ circRNAs could
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serve as microRNAs (miRNAs) sponges and down-regulate
the levels of target miRNAs.® circ 0136666 is generated
from protein kinase, DNA-activated, catalytic subunit
(PRKDC) gene, which is involved in the process of DNA
damage repair.”'° circ 0136666 was implicated in the pro-
gression of CRC, and it accelerated the development of CRC
through miR-136/SH2B1 signaling.!' Herein, we intended to
uncover the signal network behind circ_0136666 in the mod-
ulation of CRC progression.

miRNAs are involved in the growth, migration, inva-
sion and apoptosis of cancer cells through negatively
modulating the levels of their target messenger RNAs
(mRNAs) or inhibiting their translation.'*'®> Cui et al
claimed that miR-383 suppressed the development of
CRC through targeting APRIL.'® Li et al reported that
miR-383 was a tumor suppressor in CRC, and it inhibited
the progression of CRC through regulating the abundance
of CREPT/RPRDI1B.!” However, the molecular mechan-
ism of miR-383 in CRC is not fully addressed.

The cAMP response element binding protein 1 (CREBI)
gene encodes a pivotal transcription factor that modulates
a variety of stress signals and growth factors.'®'” CREB1 has
been conformed to function as an oncogene in multiple
cancers,’ including CRC. For instance, Lu et al found that
circ_0079993 promoted the progression of CRC through
miR-203a-3p.1/CREBI axis.?! Yang et al reported that
miR-101 restrained the proliferation and migration of CRC
1.7 Nevertheless, the
underlying mechanism by which CREB1 accelerating carci-

cells through down-regulating CREB

nogenesis of CRC is largely unknown.
In this
circ_ 0136666 in CRC tissues and cells, and we investi-

study, we analyzed the expression of
gated the molecular mechanism by which circ_ 0136666

accelerating the progression of CRC.

Materials and Methods

Patients

A total of 37 pairs of CRC tumor tissues and adjacent
normal tissues were obtained from patients in China-Japan
Union Hospital of Jilin University. The tissues were frozen
in liquid nitrogen immediately and stored at —80°C. We
have received written informed consents from all patients,
and this study was approved by the ethics committee of
China-Japan Union Hospital of Jilin University. The cor-
relation between circ 0136666 expression and clinical
clinicopathological parameters of CRC patients is dis-
played in Table 1.

Table | Correlation Between circ_0136666 Expression and
Clinical Clinicopathological Parameters of CRC Patients

Parameter Case | circ_0136666 P value®
Expression
Low High
(n=18) (n=19)
Age (years) 0.413
<60 18 10 8
>60 19 8 Il
Gender 0.389
Female 22 12 10
Male 15 6 9
Tumor size 0.005*
<5 cm 18 13 5
>5 cm 19 5 14
TNM stages 0.005*
-1l 16 12 4
-1V 21 6 15
Lymphatic 0.034*
metastasis
Negative 27 16 11
Positive 10 2 8
Vascular invasion 0.823
Absent 13 6 7
Present 24 12 12
Distant metastasis 0.046*
Mo 25 15 10
M, 12 3 9

Notes: *P < 0.05 *Chi-square test.
Abbreviations: CRC, colorectal cancer; TNM, tumor-node-metastasis.

Cell Culture

Human normal colon epithelial cell line NCM460, CRC
cell lines SW480 and LOVO and human embryonic kid-
ney cell line 293T were purchased from Bena Culture
Collection (Beijing, China). All cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM; Gibco,
Carlsbad, CA, USA) added with 10% fetal bovine serum
(FBS; Gibco), 100 units/mL penicillin and 100 pug/mL
streptomycin in a 37°C, 5% CO, humidified incubator.

Real-Time Quantitative Polymerase Chain
Reaction (RT-qPCR)

Total RNA from tissues and cells was isolated using TRIzol
solution (Invitrogen, Carlsbad, CA, USA). Complementary
DNA (cDNA) was acquired using a High-Capacity cDNA
Reverse Transcription Kit (Applied Biosystems, Foster City,
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CA, USA). SYBR Green PCR Master Mix (Applied
Biosystems) was utilized for PCR with the ABI 7900 thermo-
cycler (Applied Biosystems), and U6 (for miR-383) or B-actin
(circ_0136666, PRKDC or CREBI) served as the internal
control. The abundance of circ_ 0136666, PRKDC, miR-383
and CREB1 was analyzed by 2 **“" method.”> The primer
sequences were as follows: circ 0136666 (Forward, 5'-
TGAACACCTGGACAAACAGA-3'; Reverse, 5-CAG
CTCACCAGCCAATCGTC-3"), PRKDC (Forward, 5'-
CCTGGGGCAGGAATGCGTCC-3"; Reverse, 5'-CCCATT
TTTTCTAAGAAAAT-3"), miR-383 (Forward, 5-CACG
AAAGATCAGAAGGTGATTG-3'; Reverse, universal
reverse primer), CREB1 (Forward, 5-CTGCCTCTGGAG
ACGTACAA-3'; Reverse, 5-CAAGCACTGCCACTCTG
TTT-3"), U6 (Forward, 5-CTCGCTTCGGCAGCACA-3/;
Reverse, 5-AACGCTTCACGAATTTGCGT-3"), B-actin
(Forward, 5'-AGCCTCGCCTTTGCCGA-3'; Reverse, 5'-C
TGGTGCCTGGGGCG-3').

Cell Transfection

Lipofectamine 3000 (Invitrogen) was used to conduct
transfection. Small interfering RNA negative control (si-
NC), circ_ 0136666 specific siRNA (si-circ_0136666),
pcDNA empty vector (pcDNA-Control), CREB1 overex-
pression plasmid (pcDNA-CREB1), circ_0136666 specific
short hairpin RNA (sh-circ 0136666) and sh-NC were
obtained from Genepharma (Shanghai, China). miR-383
inhibitor and its control (inhibitor NC), miR-383 mimic
and its control (miRNA NC) were synthesized from
Ribobio (Guangzhou, China). The specific siRNA
sequences were listed as below. Si-NC (5'-3"): UUCU
CCGAACGUGUCACGUTT, si-circ 0136666 (5'-3'):
ACAAAGAGACUGUUUUCAGCA.

3-(4,5-Dimethylthiazol-2-YI)-
2,5-Diphenyltetrazolium Bromide (MTT)
Assay

The proliferation of CRC cells was detected by using MTT
assay. CRC cells were plated in 96-well cell culture plates
overnight. After transfection for 0 h, 24 h, 48 h or 72 h, 10
pL MTT reagent (Invitrogen) was pipetted into each well of
96-well plates and incubated for a further 4 h. The optical
density at 490 nm was detected by a microplate reader.

Cell Apoptosis Analysis
Transfected CRC cells were resuspended using phosphate
buffer saline (PBS). The CRC cells were stained with

Annexin V combined fluorescein isothiocyanate (FITC)
and propidine iodide (PI; Solarbio, Beijing, China) in
dark. After washing with PBS, the apoptotic cells
(FITC'/PI*) and non-apoptotic cells were subjected to
the analysis by the flow cytometer (BD Biosciences, San
Jose, CA, USA).

Glucose Uptake and Lactate Production

Assay

SW480 and LOVO cells were cultivated in glucose-free
DMEM medium for 16 h. And then the medium was replaced
with high-glucose DMEM medium, and the CRC cells were
cultured for a further 24 h. The glucose uptake and lactate
production were detected using Fluorescence-based glucose
assay kit (BioVision, Milpitas, California, USA) and lactate
oxidase-based colorimetric assay.

Dual-Luciferase Reporter Assay
Dual-luciferase reporter assay was implemented to analyze
the target relationship between miR-383 and circ_0136666
or CREBI.

The wild-type or mutant type binding sites with miR-383
in circ_0136666 sequences were cloned by PCR and inserted
into pmirGLO vector (Promega, Madison, WI, USA), desig-
nated as WT-circ 0136666 or MUT-circ 0136666.
GeneArtTM  Site-Directed Mutagenesis
(Invitrogen) was used to alter the specific binding sites in

System Kt

circ_0136666. The luciferase activity was measured in 293T
cells co-transfected with 20 nM miRNA NC or miR-383
mimic and 50 ng WT-circ 0136666 or MUT-circ_0136666
through Dual-Luciferase Reporter Assay System (Promega)
via the luminometer (Plate Chameleon V, Hidex, Finland).
Firefly luciferase activity was normalized to Renilla fluores-
cence intensity.

The 3' untranslated region (3' UTR) of CREBI
sequences including wild-type or mutant type binding
sites were amplified by PCR and subcloned into
pmirGLO vector (Promega), named as WT-CREBI1 or
MUT-CREBI. Luciferase activity was determined in
293T cells after transfection for 48 h through Dual-
Luciferase Reporter Assay System (Promega).

Western Blot Assay

The proteins were isolated from CRC cells. Protein quan-
tification was conducted with the BCA assay kit (Bio-Rad,
Hercules, CA, USA). Protein samples (25 pg) were sepa-
rated by sodium dodecyl sulfate polyacrylamide gel
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electrophoresis (SDS-PAGE) gel and transferred onto
a polyvinylidene fluoride (PVDF) membrane. The PVDF
membrane was blocked with 5% non-fat milk for 1
h followed by incubation with the specific primary anti-
bodies at 4°C overnight. The antibodies of CREBI
(ab31387), hexokinase 2 (HK2; ab104836), lactate dehy-
drogenase A (LDHA; ab226016) and glyceraldehyde-
3-phosphate dehydrogenase (GAPDH; ab37168) were pur-
chased from Abcam (Cambridge, MA, USA). The mem-
brane was then incubated with the horseradish peroxidase-
labeled secondary antibody (ab205718, Abcam) at for 1
h at room temperature. The protein signal was visualized
through the enhanced chemiluminescent (ECL) system
(Beyotime, Shanghai, China). Protein quantification was
performed using Imagel software.

Murine Xenograft Assay

Animal experiments were approved by China-Japan Union
Hospital of Jilin University. All animal procedures were
conducted in accordance with the Guide for the Care and
Use of Laboratory Animals. SW480 cells were stably trans-
fected with sh-NC or sh-circ_0136666. The above cells (2 x
10° cells/200 pL PBS) were collected and re-suspended. The
cell suspension was subcutaneously injected to the right side
of the flank area of the mice (n=6). Tumor volume was
measured every 4 d after inoculation for 7 d with the formula
of width® x length x 0.5. The mice were killed following
inoculation for 27 d, and the tumors were weighed. The
enrichment of circ 0136666, miR-383 and CREBI1 was
detected by RT-qPCR or Western blot assay.

Statistical Analysis
All data were showed as meantstandard deviation. The
significance of differences was evaluated by Student’s
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t-test or one-way analysis of variance (ANOVA) followed
by Tukey’s test as appropriate. P<0.05 was considered
statistically significant.

Results
The Abundance of circ_0136666 is
Markedly Increased in CRC Patients and

Cells

To clarify the role of circ 0136666 in CRC, we first mea-
sured the abundance of circ 0136666 in CRC tissues and
cells. As showed in Figure 1A and B, the expression of
circ_0136666 was significantly up-regulated in CRC tissues
and cells compared with that in corresponding normal tissues
and normal colon epithelial NCM460 cells. circ_0136666
expression was positively associated with tumor size, TNM
stages, lymphatic metastasis and distant metastasis in CRC
(Table 1). These that
circ_ 0136666 might play an oncogenic role in CRC.

patients findings suggested

circ_0136666 Promotes the Proliferation

and Glycolysis While Represses the
Apoptosis of CRC Cells

We conducted loss-of-function experiments to explore the
function of circ 0136666 in CRC cells. As indicated in
Figure 2A and B, the expression of circ_0136666 was pro-
minently reduced in si-circ_0136666 transfected group com-
pared with that in si-NC group of CRC cells. The
proliferation of CRC cells was inhibited by si-circ
0136666 transfection (Figure 2C and D). Besides,
circ 0136666 depletion also promoted the apoptosis of
SW480 and LOVO cells (Figure 2E). Apart from this, we
measured the glycolysis of CRC cells transfected with si-
circ_ 0136666 through detecting the glucose uptake and
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Figure | The abundance of circ_0136666 is markedly increased in CRC patients and cells. (A) The enrichment of circ_0136666 was detected in CRC tissues (n=37) and
adjacent normal tissues (n=37) by RT-qPCR. (B) RT-qPCR was applied to examine the expression of circ_0136666 in CRC cells (SW480 and LOVO) and normal colon

epithelial NCM460 cells. *P<0.05.
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Figure 2 circ_0136666 promotes the proliferation and glycolysis while represses the apoptosis of CRC cells. (A and B) The abundance of circ_0136666 and the mRNA of
its matching gene PRKDC was detected in si-NC or si-circ_0136666 transfected SW480 and LOVO cells by RT-qPCR. (€ and D) The proliferation of the two CRC cells
transfected with si-NC or si-circ_0136666 was measured by MTT assay. (E) Flow cytometry was conducted to detect the apoptosis of si-NC or si-circ_0136666 transfected
SW480 and LOVO cells. (F and G) Glucose uptake and lactate production were measured in si-NC or si-circ_0136666 transfected SWW480 and LOVO cells by glucose and

lactate detection kits. *P<0.05.

lactate production. As exhibited in Figure 2F and G, the
glucose uptake and lactate production were repressed with
circ_0136666 intervention in CRC cells, demonstrating that
circ_0136666 knockdown suppressed the glycolysis of CRC
cells. Taken together, circ_ 0136666 promoted the progres-
sion of CRC through accelerating the proliferation and gly-
colysis and inhibiting the apoptosis of CRC cells.

miR-383 is a Direct Target of
circ_0136666 in 293T Cells

Circular RNA Interactome software was used to explore
the downstream components by which circ 0136666 con-
tributing to the progression of CRC. The complementary
sequence between miR-383 and circ_0136666 is shown in
Figure 3A. Subsequently, we conducted dual-luciferase
reporter assay to confirm this combination. WT-circ
0136666 or MUT-circ 0136666 and miRNA NC or
miR-383 mimic were co-transfected into 293T cells, and
the luciferase activity was decreased in miR-383 mimic

and WT-circ 0136666 co-transfected group (Figure 3B),
that miR-383 was a direct target of
circ_ 0136666 in 293T cells. To illustrate the regulatory
relationship between miR-383 and circ 0136666 in CRC
cells, we measured the abundance of miR-383 in si-circ
0136666 or si-NC transfected CRC cells. As mentioned
in Figure 3C, the level of miR-383 was conspicuously up-
regulated with si-circ_ 0136666 transfection in CRC cells,
suggesting that miR-383 was negatively regulated by
circ_ 0136666 in CRC cells.

To test whether circ_ 0136666 exerted its function
through miR-383 in CRC cells, we first measured the
knockdown efficiency of miR-383 inhibitor in CRC
cells. As indicated in Figure 3D, the transfection of

suggesting

miR-383 inhibitor notably reduced the expression of
miR-383 SW480 and LOVO cells. SW480 and
LOVO cells were transfected with si-NC, si-circ
0136666, si-circ_ 0136666 + inhibitor NC or si-circ
0136666 + miR-383 inhibitor. The abundance of miR-

in
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WT-circ_0136666:
hsa-miR-383:

5' GAAGAUAUCAGCUCCCUGAUCAG 3'
3' UCGGUGUUAGUGGAA-GACUAGA &'

MUT-circ_0136666:

5' GAAGAUAUCAGCUCCGACUAGAG 3'
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Figure 3 miR-383 is a direct target of circ_0136666 in 293T cells. (A) The binding sites between circ_0136666 and miR-383 were predicted by Circular RNA Interactome
software. (B) Dual-luciferase reporter assay was performed to confirm the combination between miR-383 and circ_0136666 in 293T cells. (C) The level of miR-383 was
detected in si-NC or si-circ_0136666 transfected SW480 and LOVO cells by RT-qPCR. (D) The knockdown efficiency of miR-383 inhibitor was assessed in the two CRC
cells by RT-qPCR. (E-J) SW480 and LOVO cells were transfected with si-NC, si-circ_0136666, si-circ_0136666 + inhibitor NC or si-circ_0136666 + miR-383 inhibitor. (E)
RT-qPCR was applied to determine the abundance of miR-383 in the above two CRC cells. (F and G) MTT assay was conducted to examine the proliferation of the two CRC
cells. (H) The apoptosis of SW480 and LOVO cells was examined by flow cytometry. (I and J) Glucose uptake and lactate production were determined in the two CRC cells

by glucose and lactate detection kits. *P<0.05.

383 was notably increased by circ_ 0136666 knockdown,
and the co-transfection of si-circ_0136666 and miR-383
inhibitor abolished this promoting effect in CRC cells
(Figure 3E). The depletion of miR-383 abated the sup-
pressive effects of circ_0136666 intervention on the
proliferation and glycolysis and the promoting impact
on the apoptosis of CRC cells (Figure 3F-J), demon-
strating that miR-383 acted as a downstream gene of
circ_ 0136666 to exert its function in CRC cells.

CREBI Could Bind to miR-383 in 293T

Cells
CREBI1 was predicted as a target of miR-383 by Starbase
bioinformatic software (Figure 4A). And this target

relationship between CREBI1 and miR-383 in 293T cells
was verified by dual-luciferase reporter assay. As men-
tioned in Figure 4B, the accumulation of miR-383 in WT-
CREBI1 group notably reduced the luciferase activity in
CRC cells, demonstrating that CREB1 was a target of
miR-383 in 293T cells. miRNAs could down-regulate the
abundance of target mRNAs by directly binding to their 3’
UTR.'*"* We wondered whether miR-383 could negatively
regulate the mRNA and protein expression of CREBI in
CRC cells. Firstly, we assessed the overexpression effi-
ciency of miR-383 mimic in CRC cells. As indicated in
Figure 4C, the level of miR-383 was increased by the
transfection of miR-383 mimic in CRC cells. The accumu-
lation of miR-383 down-regulated the mRNA and protein
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Figure 4 CREBI could bind to miR-383 in 293T cells. (A) CREBI was predicted as a target of miR-383 by Starbase software. (B) The combination between miR-383 and
CREBI in 293T cells was validated by dual-luciferase reporter assay. (C) The overexpression efficiency of miR-383 mimic was evaluated in SW480 and LOVO cells by RT-
qPCR. (D and E) The mRNA and protein expression of CREBI was determined in the two CRC cells transfected with miR-383 mimic or miRNA NC by RT-qPCR and
Western blot assay. (F and G) The abundance of CREBI mRNA and protein was examined in SW480 and LOVO cells transfected with pcDNA-Control or pcDNA-CREBI
by RT-qPCR and Western blot assay. (H-L) SW480 and LOVO cells were transfected with miRNA NC, miR-383 mimic, miR-383 mimic + pcDNA-Control, miR-383 mimic
+ pcDNA-CREBI. (H and I) The proliferation of CRC cells was determined by MTT assay. (J) Flow cytometry was performed to detect the apoptosis of the above CRC
cells. (K and L) Glucose uptake and lactate production were determined in the above CRC cells by glucose and lactate detection kits. *P<0.05.

expression of CREB1 in CRC cells (Figure 4D and E). The
mRNA and protein levels of CREBI were conspicuously
elevated by the transfection of pcDNA-CREBI1 in CRC
cells (Figure 4F and G). SW480 and LOVO cells were
transfected with miRNA NC, miR-383 mimic, miR-383
mimic + pcDNA-Control, miR-383 mimic + pcDNA-
CREBI. As mentioned in Figure 4H-L, CREB1 accumula-
tion counteracted the inhibitory effects of miR-383 over-
expression on the proliferation and glycolysis and the
promoting impact on the apoptosis of CRC cells, demon-
strating that miR-383 functioned as a cancer suppressor
through negatively regulating CREB1 in CRC cells.

CREBI| Accumulation Reverses the
Inhibitory Effects of circ_0136666
Knockdown on the Proliferation and

Glycolysis and the Promoting Impact on

the Apoptosis of CRC Cells

SW480 and LOVO cells were transfected with si-NC, si-
circ_0136666, si-circ_0136666 + pcDNA-Control or si-circ
0136666 + pcDNA-CREBI. As showed in Figure 5A and
B, circ_0136666 depletion down-regulated the mRNA and
protein levels of CREBI, and the addition of pcDNA-
CREBI recovered the abundance of CREBI mRNA and
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Figure 5 CREBI accumulation reverses the inhibitory effects of circ_0136666 knockdown on the proliferation and glycolysis and the promoting impact on the apoptosis of
CRC cells. SW480 and LOVO cells were transfected with si-NC, si-circ_0136666, si-circ_0136666 + pcDNA-Control or si-circ_0136666 + pcDNA-CREBI. (A and B) RT-
qPCR and Western blot assay were applied to detect the abundance of CREBI mRNA and protein in CRC cells. (C and D) MTT assay was performed to measure the
proliferation of the two CRC cells. (E) The apoptosis of CRC cells was determined by flow cytometry. (F and G) Glucose uptake and lactate production were detected in

the two CRC cells by glucose and lactate detection kits. *P<0.05.

protein in CRC cells. CREB1 overexpression reversed the
suppressive effects of circ_0136666 interference on the
proliferation and glycolysis and the promoting impact on
the apoptosis of CRC cells (Figure 5C-G).

CREBI is Modulated by circ_0136666/
miR-383 Axis in CRC Cells

To further elucidate the regulatory relationship between
circ_0136666, miR-383 and CREB1 in CRC cells, we trans-
fected si-NC, si-circ_0136666, si-circ_ 0136666 + inhibitor
NC or si-circ_0136666 + miR-383 inhibitor into SW480 and
LOVO cells. The abundance of CREB1 mRNA and protein
was notably decreased by the transfection of si-circ
0136666, and the co-transfection of si-circ 0136666 and
miR-383 inhibitor recovered the mRNA and protein expres-
sion of CREB1 in CRC cells (Figure 6A and B).

The Glycolysis of CRC Cells is Regulated
by circ_0136666/miR-383/CREBI Axis

HK2 is the first rate-limiting enzyme of glycolysis, and
LDHA
pathway,

is a vital oxidoreductase in the glycolytic
2425 thus these two proteins were used as glyco-
lysis indicators in the following experiments. As indicated

in Figure 7A-C, circ 0136666 intervention reduced the

levels of HK2 and LDHA, while the addition of miR-383
inhibitor attenuated these inhibitory effects caused by
circ_ 0136666 depletion in CRC cells. As mentioned in
Figure 7D-F, the accumulation of CREBI1 counteracted
the suppressive effects of miR-383 overexpression on the
levels of HK2 and LDHA in CRC cells. Collectively, the
glycolysis of CRC cells was regulated by circ_0136666/
miR-383/CREBI signaling.

circ_0136666 Depletion Inhibits the
Growth of CRC Tumors Through

miR-383/CREBI Axis in vivo

To investigate the function of circ_0136666/miR-383/
CREBI axis in vivo, we built the murine xenograft model
using SW480 cells stably transfected with sh-NC or sh-circ
_0136666. As showed in Figure 8A and B, circ_0136666
silencing inhibited the growth of the CRC tumors in vivo.
Meanwhile, we detected the expression of circ 0136666,
miR-383 and CREBI in resected tumor tissues. The expres-
sion of circ 0136666 was notably reduced in sh-circ
0136666 group, while the level of miR-383 showed an
opposite phenomenon (Figure 8C and D). circ_0136666
intervention also reduced the abundance of CREBI
mRNA and protein compared with that in the sh-NC
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group (Figure 8E and F). Taken together, circ 0136666
promoted the growth of CRC tumors by elevating the
level of CREBI via sponging miR-383 in vivo.

Discussion

circRNAs were implicated in the initiation and develop-
ment of CRC. For example, Guo et al demonstrated that
circ_0000069 accelerated the growth and metastasis of
CRC cells.”® Fang et al claimed that circ_100290 acceler-
ated the development of CRC through miR-516b/FZD4
axis and Wnt/B-catenin signal pathway.”’ circRNAs have

also emerged as crucial regulators in the glycolytic meta-
bolism of CRC cells. circ 0007534 silencing was found to
suppress the malignant behaviors and glycolysis of CRC
targeting miR-613/SLC25A22
Herein, we concentrated on the roles of circ 0136666 in

cells through axis.”®
the proliferation, apoptosis and glycolysis of CRC.
circ_0136666 contributed to the progression of breast
cancer through miR-1299/CDK6 axis.”® Besides, Jin et al
found that circ_0136666 played an oncogenic role in CRC,
and it facilitated the growth and metastasis of CRC cells

via miR-136/SH2B1 axis.'! Consistent with the above
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findings, we found that circ_0136666 was abnormally up-
regulated in CRC tissues and cells, and it promoted the
proliferation and inhibited the apoptosis of CRC cells.
Cancer cells gain energy through aerobic glycolysis rather
than oxidative phosphorylation, and this phenomenon is
called the Warburg effect.’® Increased aerobic glycolysis
has emerged as a hallmark for many malignancies. A large
amount of lipids, proteins, and nucleotides are generated in
glycolytic metabolism, thereby promoting the proliferation
of cancer cells.*'*? Accumulating works have pointed out
CRC
regulatory

the significance of aerobic

33,34

glycolysis in

progression. However, the potential
mechanism behind the Warburg effect of cancer cells
to be revealed. Herein, we that
circ_0136666 contributed to the glycolysis of CRC cells
for the first time.

miR-383 was predicted as a target of circ_0136666 by

Circular RNA Interactome software, and this target relation-

remains found

ship was then validated by dual-luciferase reporter assay.
miR-383 was a tumor suppressor in ovarian cancer, hepato-
cellular carcinoma and gastric cancer.>> >’ Subsequently, we
found that the depletion of miR-383 counteracted the inhibi-
tory effects of circ_ 0136666 depletion on the proliferation
and glycolysis and the promoting effect on the apoptosis of
CRC cells, demonstrating that circ_ 0136666 promoted the
progression of CRC via miR-383.

To clarify the modulatory mechanism by which miR-383
inhibiting the progression of CRC, we aimed to explore the
downstream components of miR-383. CREB1 was predicted
as a potential target of miR-383 by Starbase software.
Subsequently, the combination of miR-383 and CREBI in
293T cells was confirmed by dual-luciferase reporter assay.
Yan et al showed that CREB1 promoted the proliferation and
metastasis of CRC cells.*® Consistent with the above find-
ings, we found that CREBI served as an oncogene in CRC.
CREB1 accumulation reversed the inhibitory effects of miR-
383 overexpression on the proliferation and glycolysis and
the promoting effect on the apoptosis of CRC cells.
Therefore, we concluded that miR-383 suppressed the devel-
opment of CRC by negatively regulating CREB1. Based on
the results that miR-383 was a functional target of
circ_0136666, we speculated that circ_0136666 facilitated
the proliferation and glycolysis while impeded the apoptosis
of CRC cells through miR-383/CREBI axis.

CREBI1 overexpression ameliorated the suppressive
effects of circ 0136666 interference on the proliferation
and glycolysis and the promoting effect on the apoptosis of
CRC cells. Besides, CREB1 could be modulated by
circ_0136666/miR-383 axis in CRC cells. These two find-
ings supported our former hypothesis.

To further explore the role of circ_0136666/miR-383/
CREBI signaling in the glycolysis of CRC cells, we
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determined the abundance of glycolysis-related proteins
(HK2 and LDHA) by Western blot assay. circ_ 0136666
promoted the glycolysis of CRC cells through elevating
the abundance of glycolysis-related proteins via miR-383/
CREBI axis. The effect of circ_ 0136666 on the growth of
CRC tumors was validated by murine xenograft model.
circ_ 0136666 promoted the growth of CRC tumors
through up-regulating CREB1 via miR-383.

Conclusion

In summary, circ 0136666 promoted the development of
CRC through accelerating the proliferation and glycolysis
and restraining the apoptosis of CRC cells via miR-383/
CREBI axis in vitro and in vivo.

Highlights

1. The level of circ_ 0136666 is conspicuously enhanced
in CRC tissues and cells, and circ_0136666 promotes
the proliferation and glycolysis while impedes the
apoptosis of CRC cells.

2. circ_0136666 could bind to miR-383 in 293T cells.

3. CREBI is a direct target of miR-383 in 293T cells.

4. circ_0136666 accelerates the progression of CRC
through up-regulating the abundance of CREBI
through sponging miR-383.
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