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Abstract

This study aims to investigate the role of circCBFB in hepatocellular carcinoma (HCC) cell proliferation and autophagy.
gRT-PCR and Western blotting analyses quantified the expression levels of circCBFB, miR-424-5p, and ATG14 in HCC
tissues and/or HCC cell lines. After transfection with pcDNA3.1-CircCBFB, sh-CircCBFB, miR-424-5p mimic, miR-424-5p
inhibitor, pcDNA3.1-ATG14, sh-ATG14, sh-CircCBFB + miR-424-5p inhibitor, pcDNA3.1-CircCBFB + miR-424-5p mimic,
sh-CircCBFB + pcDNA3.1-ATG14, or pcDNA3.1-CircCBFB + sh-ATG14, the proliferation, cell cycle, and apoptosis of
Huh-7 and HCCLM3 cells were detected, respectively, through MTT assay and flow cytometry. Western blotting measured
the expression levels of ATG14 and autophagy-related proteins (LC3-1I/LC3-I, Beclinl, and p62). The interactions among
circCBFB, miR-424-5p, and ATG14 were identified through RNA fluorescence in situ hybridization and RNA immunopre-
cipitation. In HCC tissues, circCBFB and ATG14 were highly expressed, and miR-424-5p expression was downregulated.
Transfection of pcDNA3.1-CircCBFB, miR-424-5p inhibitor, or pcDNA3.1-ATG14 into HCC cells facilitated HCC cell
proliferation and autophagy, while suppressing cell apoptosis, evidenced by elevated cell viability, increased protein levels
of autophagosome markers (LC3-II/LC3-I and Beclinl), repressed apoptosis rate, and suppressed protein level of autophagy
receptor p62. miR-424-5p was a target gene of circCBFB, and miR-424-5p negatively mediated ATG14. CircCBFB inhibits
miR-424-5p and upregulates ATG14, thus promoting HCC cell proliferation and autophagy.
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Introduction

Hepatocellular carcinoma (HCC) is a dominating histologi-
cal form of primary liver cancer [1], the prevalence of which
occupies 70 ~90% of liver cancer [2]. Up to 2018, the inci-
dence of liver cancer ranks the sixth, and the number of
liver cancer-related deaths is approximately 781,000 [3]. The
high risk of metastasis and recurrence for patients with HCC
causes dismal 5-year survival rate of HCC even after the
treatment of surgery, radiation, chemotherapy, and immuno-
therapy [4]. Hence, more studies are needed to enhance the
understanding of mechanisms underlying HCC progression.
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As a highly conserved catabolic process, autophagy is
responsible for cellular homeostasis through degenerating
damaged organelles and proteins [5]. Autophagy exerts a
vital role in anti-HCC [6]. Induction of autophagy in HCC
cells has been reported to promote liver cancer progres-
sion both in mice and human [7]. Autophagy-related genes
(ATGs) are pivotal for the initiation of autophagy due to
their implication in the production of autophagosome
and the transferring of autophagic cargos to the lysosome
[8]. Manipulations that trigger autophagy through ATGs
have been regarded as promising targets for HCC treatment
[9]. As a specific subunit for PI3K complex, ATG14 is
regarded as a key modulator of autophagy in HCC, blockade
of which can inhibit autophagy in HCC [10]. However, the
molecular mechanisms modulating ATG14 in HCC remain
to be fully illuminated.

Circular RNAs (circRNAs) are a peculiar class of endog-
enous non-coding RNAs that possess a covalent bond link-
ing the 3" and 5’ ends and originate from back splicing events
of precursor mRNAs (pre-mRNAs) [11, 12]. Recently,
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circRNAs have been demonstrated to function as compet-
ing endogenous RNAs (ceRNAs) that sponge cytoplasmic
microRNAs (miRNAs) or RNA binding proteins, thus regu-
lating splicing or transcription [13]. In HCC, circRNAs have
been reported to exert oncogenic effects through interacting
with miRNAs [14, 15]. CircCBFB is capable of regulating
cell proliferation, cell cycle, and apoptosis, acting through
ceRNA network in diseases, such as chronic lymphocytic
leukemia and abdominal aortic aneurysm [16, 17]. Since
circCBFB has been mentioned for its promoting effect on
acetaminophen-induced liver injury [18], circCBFB was also
hypothesized to play a role in HCC.

In the current study, the effects of circCBFB on HCC
prognosis and HCC cell autophagy were elucidated. To
further illustrate the underlying molecular mechanism, the
interactions between circCBFB and miR-424-5p were identi-
fied. More importantly, this study demonstrated the ceRNA
mechanism through validating the co-expression network of
circCBFB, miR-424-5p, and ATG14.

Materials and methods
Tissue samples

HCC and matched adjacent tissues were obtained from 43
patients with HCC who received hepatectomy at the Third
Xiangya Hospital, Central South University. Patients who
underwent chemoradiotherapy, radiofrequency ablation,
or biotherapy were excluded from this study. A total of 43
patients (28 males and 15 females, 28 ~ 78 years old, average
age of 55) were enrolled in this study. Collection of tissues
and design of the following experiments were approved by
the ethical committee of the Third Xiangya Hospital, Cen-
tral South University, and informed consents were obtained
from the patients or their family members. All samples were
maintained in liquid nitrogen after collection.

Cell culture

Human HCC cell lines (HepG2, SMMC-7721, Huh-
7, MHCC97H, and HCCLM3) and normal hepatocytes
(THLE?2) were purchased from Shanghai Institute of Bio-
chemistry and Cell Biology, Chinese Academy of Sciences.
All cell lines were incubated in Dulbecco’s modified eagle
medium (DMEM) supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin at 37°C with
5% CO,.

qRT-PCR

Total RNA was extracted using TRIZOL (Invitrogen,
Carlsbad, CA, USA) and reversely transcribed using a
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reverse transcriptase kit (TaKaRa, Tokyo, Japan) accord-
ing to the directions of the manufacturer. PCR reactions
were performed according to the instructions of the fluo-
rescence quantitative PCR kit (SYBR Premix EX Taq™
ii, TaKaRa). The PCR was conducted with the following
thermal parameters: 95 °C for 10 s and 45 cycles of 95 °C
for 5's, 60 °C for 10 s, and 72 °C for 10 s, followed by
extension at 72 °C for 5 min. Each PCR was performed in
triplicate. U6 and GAPDH were used to normalize miRNA
and mRNA expression levels, respectively. The expression
levels of circCBFB and miR-424-5p and the mRNA expres-
sion of ATG14 were quantified on a LightCycler 480 instru-
ment (Roche, Indianapolis, IN, USA) by using 2744
method: AACt= (Ct Ctimernal control)experimental group

- (Cttarget gene Ctinlernal control)control group® Primer sequences
used in this study are presented in Table 1.

target gene

Western blotting

Proteins were obtained after the cells were lysed by RIPA
lysis buffer (Beyotime), and the concentration of extracted
protein was determined using a BCA kit (Beyotime). The
proteins were mixed with an equal volume of loading buffer
(Beyotime) and heated in boiling water for 3 min to dena-
ture the proteins. Electrophoresis was initially run at 80 V
for 30 min to separate the proteins and switched to 120 V
for 1 ~2 h after the bromophenol blue entered the separa-
tion gel. Membrane transferring was conducted in an ice
bath at 300 mA for 60 min, after which the membranes
were rinsed in washing buffer for 1 ~2 min and blocked
in blocking buffer for 60 min at room temperature or at
4 °C overnight. The membranes were then immunoblotted
with the following antibodies for 1 h on a shaking table:
anti-GAPDH (#5174, 1:1000), anti-LC3-I/LC3-II (#12741,
1:1000), anti-Beclinl (#3495, 1:1000), p62 (#88588,
1:1000), and anti-ATG14 (#5504, 1:1000) (Cell Signal-
ing Technology, Massachusetts, USA). After the membranes
were washed with washing buffer for 3 x 10 min, secondary

Table 1 Primer sequences of genes

Name of primer Sequences

miR-424-5p-F CAGCAGCAATTCATGT
miR-424-5p-R TGGTGTCGTGGAGTCG

U6-F CTCTCGCTTCGGCAGCACA
U6-R ACGCTTCACGAATTTGCGT
CircCBFB-F CGGGAGGAAATGGAGGTG
CircCBFB-R GGCTAGGTGTTTGTCGCTGTT
ATG14-F CGTCTACTTCGACGGCCGCGA
ATG14-R CTCTTGGTGCCGTTGTGCTCG
GAPDH-F AGTCCACTG GCGTCTTCA
GAPDH-R GAGTC CTTCCACGATACCAA

F, forward; R, reverse
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antibody (horseradish peroxidase-conjugated goat anti-rabbit
IgG, 1:5000, Beijing ComWin Biotech Co., Ltd., Beijing,
China) was added for incubation at room temperature for
1 h. After being washed for 3 X 10 min, the membranes were
added with developing solution and quantified using chemi-
luminiscence imaging system (Bio-Rad).

Cell transfection

pcDNA3.1-CircCBFB (2 pg), short hairpin RNA (sh)-Circ-
CBFB (2 pg), miR-424-5p mimic (50 nM), miR-424-5p inhib-
itor (100 nM), pcDNA3.1-ATG14 (2 pg), and their negative
controls (NCs) were purchased from Shanghai GenePharma
Co., Ltd. (Shanghai, China). Cells were transfected with
pcDNA3.1-CircCBFB, pcDNA3.1, sh-CircCBFB, sh-NC,
miR-424-5p inhibitor, inhibitor NC, miR-424-5p mimic,
mimic NC, and/or pcDNA3.1-ATG14 using Lipofectamine
2000 reagent (Invitrogen, Carlsbad, CA, USA) and were
assigned accordingly to CircCBFB group, pcDNA3.1 group,
sh-CircCBFB group, sh-NC group, in-miR-424-5p group,
in-NC group, mi-miR-424-5p group, mi-NC group, ATG14
group, NC group, CircCBFB + mi-miR-424-5p group, sh-
CircCBFB +in-miR-424-5p group, CircCBFB +sh-ATG14
group, and sh-CircCBFB + ATG14 group.

MTT

After the transfections, cells were cultured for 24 h, 48 h,
and 72 h, and then 20 pL of MTT solution (5 mg/mL, Merck
KGaA, Darmstadt, Germany) was added into each well for
incubation in a 37°C incubator with 5% CO, for 4 h. After
that, the culture solution was removed. DMSO (50 pL/well)
was added, and the plates were slightly shaken to dissolve
the crystal. The optical density value (OD value) was evalu-
ated by a microplate reader at 490 nm for 3 times and then
averaged. MTT curves were drawn using the OD value
as the vertical coordinates and the time as the horizontal
coordinates.

Flow cytometry (FCM)

Single cell suspension was prepared and then centrifuged
at 2000 r/min before the cells were rinsed twice with PBS.
Then, the cells were re-suspended in binding buffer, and 195
uL of cell suspension (about 10° cells) was homogenized
with 5 pL of Annexin-V-FITC and PI solution for 10 min
of incubation in dark. Cell cycle and apoptotic rate were
determined using a FCM (BD Biosciences, Suzhou, China).

Dual luciferase reporter assay

The binding site between circCBFB and miR-424-5p
or between miR-424-5p and ATG14 was predicted by

starBase (http://starbase.sysu.edu.cn/). Accordingly, the
wild-type (wt) sequences of circCBFB and the 3'untrans-
lated region (3'UTR) of ATG14, as well as the mutant-type
(mut) sequences of the independent binding sites of miR-
424-5p (wt-CircCBFB, mut-CircCBFB, wt-ATG14, and
mut-ATG14), were synthesized and then cloned into pGL3-
Basic vectors, after which the vectors were separately trans-
fected with miR-424-5p mimic (50 nM) and mimic NC into
HEK?293T cells. Finally, the firefly luciferase activity and
renilla luciferase activity were determined by using a lumi-
nometer (Promega GLOMAX, Promega Corporation). The
firefly luciferase activity was measured with the renilla lucif-
erase activity as its internal control, and the ratio between
the two was the relative luciferase activity.

RNA fluorescence in situ hybridization (FISH)

Isolation of cytoplasmic and nuclear RNA was performed
using a PARIS Kit (Invitrogen). Then, the RNA expression
of circCBFB, p-actin (a marker for cytoplasmic protein), or
U6 (a marker for nuclear protein) was detected in cytoplas-
mic and protein RNA. The distribution of circCBFB and
miR-424-5p was examined using an RNA FISH kit. Circ-
CBFB and miR-424-5p probes (GenePharma) were used for
hybridization overnight. DAPI was used for nuclear stain-
ing. The RNA samples were observed by a Nikon inverted
fluorescence microscope.

RNA immunoprecipitation (RIP)

The binding between miR-424-5p and circCBFB or ATG14
was determined by RIP. The cells were collected and then
washed with pre-cooled PBS twice before centrifugation at
1500 rpm for 5 min. An equal volume of RIP lysis buffer
was added and homogenized. RIP wash buffer (100 pL) was
applied to resuspend magnetic beads, and then 5 pg of anti-
AGO?2 (ab186733, 1:50, Abcam, Cambridge, UK) or NC
IgG was added for incubation at 4°C on a rotator overnight.
Prepared cell lysis buffer was rapidly dissolved and cen-
trifuged at 14,000 rpm and 4°C for 10 min. The superna-
tant (100 pL) was mixed and incubated with bead-antibody
complexes at 4°C overnight. After a transient centrifugation,
the centrifuge tube containing the mixture was placed on a
magnetic separation rack to discard the supernatant. RIP
wash buffer (500 pL) was added, and the centrifuge tube was
shaken by vortexing to wash complex. Then, the tube was
maintained on the magnetic separation rack and the super-
natant was removed. The complex was washed for 6 times as
mentioned. The samples were then incubated with proteinase
K buffer (150 pL) to re-suspend bead-antibody complexes
at 55°C for 30 min, after which the tubes were placed on the
magnetic separation rack to pipette off the supernatant. After
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RNAs were isolated, the expression levels of circCBFB and
miR-424-5p were determined by gqRT-PCR.

Statistical analysis

GraphPad prism7 software was applied for statistical analy-
sis. We reported all data as average + standard deviation and
applied T-test to assess the difference between two groups.
One-way analysis of variance was used to measure the dif-
ferences among multiple groups. Correlations between circ-
CBFB expression level and other indices were determined
through Pearson correlation analysis, and survival analysis
was performed using Kaplan—Meier. P value less than 0.05
was considered statistically significant.

Results

Highly expressed circCBFB in HCC tissues involves
HCC prognosis

Firstly, we performed qRT-PCR to measure the expression
of circCBFB in 43 human HCC tissues. Higher circCBFB
level was presented in the HCC tissues compared with the
adjacent tissues (Fig. 1A, P<0.01).

Next, patients were assigned into CircCBFB high group
and CircCBFB low group with the median circCBFB expres-
sion in HCC tissues as the cutoff value, and then prognostic
analysis was performed to evaluate the differences in the
survival time for patients with high or low expression of
circCBFB. Five-year survival rate of patients with higher
circCBFB expression was lower than that in patients with
lower circCBFB expression (Fig. 1B, P <0.05). Overall, our
findings indicated that circCBFB was upregulated in HCC
patients and was associated with poor prognosis and sur-
vival rate, suggesting a potential role of circCBFB in HCC
progression.

Additionally, circCBFB expression in HCC cell lines,
including HepG2, SMMC-7721, Huh-7, MHCC97H, and

HCCLM3, was significantly higher than that in THLE2 cells
(Fig. 1C, P<0.05).

CircCBFB promotes the proliferation and autophagy
of HCC cells

Huh-7 cells were transfected with pcDNA3.1-CircCBFB
(the CircCBFB group), and HCCLM3 cells were transfected
with sh-CircCBFB (the sh-CircCBFB group) to artificially
regulate circCBFB expression in these cells. The expres-
sion of cricCBFB in Huh-7 cells of the pcDNA3.1-Circ-
CBFB group was markedly increased compared with that
in the pcDNA3.1 group (Fig. 2A, P<0.01). Consistently,
circCBFB expression in HCCLM3 cells was much lower in
the sh-CircCBFB group than in the sh-NC group (Fig. 2B,
P<0.01).

We performed MTT assay to detect HCC cell prolifera-
tion and found enhanced proliferative ability of Huh-7 cells
after the transfection of pcDNA3.1-CircCBFB (Fig. 2C,
P <0.01). The proliferative ability of HCCLM3 cells trans-
fected with sh-CircCBFB was noticeably inhibited (Fig. 2D,
P <0.01). Moreover, the proliferative ability of human nor-
mal hepatocytes (THLE2) transfected with pcDNA3.1-
CircCBFB or sh-CircCBFB was detected. It was observed
that overexpression or inhibition of circCBFB exerted no
effect on the proliferative ability of THLE2 cells (Fig. 2E,
P>0.05). FCM displayed a higher proportion of Huh-7
cells in S phase in the CircCBFB group compared with the
pcDNA3.1 group (Fig. 2F, P <0.05). CircCBFB silencing
caused a higher proportion of HCCLM3 cells in G1 phase
(Fig. 2G, P <0.05). In addition, FCM examined a decrease
in Huh-7 cell apoptosis rate in the CircCBFB group com-
pared with that in the pcDNA3.1 group and an increase in
HCCLM3 cell apoptosis rate in the sh-CircCBFB group
when compared with the sh-NC group (Fig. 2H, P <0.01).

The effects of circCBFB on HCC cell autophagy were
evaluated through detecting the levels of autophagy-related
proteins, including LC3II/LC3I, Beclinl, and p62. The
results of Western blotting manifested that the levels of
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Fig. 1 Aberrant expression of circCBFB is associated with HCC
prognosis. qRT-PCR detected the expression of circCBFB in HCC
tissues and adjacent tissues (A); Kaplan—Meier analysis showed
that the expression of circCBFB was of predictive value for overall
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survival in HCC patients (B); gqRT-PCR revealed the upregulated
expression of circCBFB in HCC cell lines (C). “P<0.05, P <0.01,
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lular carcinoma
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Fig.2 Promotive effects of circCBFB on HCC cell proliferation and
autophagy. Huh-7 cells were transfected with pcDNA3.1-CircCBFB,
and HCCLM3 cells were transfected with sh-CircCBFB, and then
circCBFB expression was examined by qRT-PCR (A, B). MTT assay
and FCM, respectively, showed the proliferation (C, D, E), cell cycle
(F, G), and apoptosis (H) of Huh-7 and HCCLM3 cells; the levels

LC3II/LC3I and Beclinl were elevated in, and the expres-
sion of autophagy receptor p62 was inhibited in Huh-7 cells
of the CircCBFB group, compared with the pcDNA3.1
group (Fig. 21, J, P<0.01). In the sh-CircCBFB group, the
expression levels of LC3II/LC3I and Beclinl were sup-
pressed, and p62 expression was upregulated when com-
pared with the sh-NC group. These results indicated that
circCBFB enhanced HCC cell proliferation and autophagy.

CircCBFB promotes cancer cell development
by enhancing autophagy

The aforementioned results indicated that circCBFB exacer-
bated HCC cell autophagy. To further validate the regulatory
effect of circCBFB on cancer cell autophagy, we stimulated
Huh-7 and HCCLM3 cells transfected with pcDNA3.1 or
pcDNA3.1-CircCBFB with autophagy inhibitor chloroquine
(CQ) (20 pM) for 48 h. Next, CCK-8 assay was used for
detection of cell viability. The results showed a massive
decrease in the CQ+pcDNA3.1 group (vs the control group)

of LC3II/LC3I, Beclinl, and p62 were detected through Western
blotting (I, J). All data are presented as average +standard devia-
tion, “P<0.05, ““P<0.01, compared with sh-NC group or pcDNA3.1
group. HCC, hepatocellular carcinoma; FCM, flow cytometry; NC,
negative control

and a significant increase in the CQ +pcDNA3.1-CircCBFB
group (vs the CQ+ pcDNA3.1 group) (Fig. 3A, P<0.01).
Then, the detection of cell cycle by FCM further identified
these results (Fig. 3B). Meanwhile, FCM detected the apop-
tosis rate of Huh-7 and HCCLM3 cells and demonstrated
that the apoptosis rate was enhanced in the CQ +pcDNA3.1
group when compared with that in the control group, while
it was reduced in the CQ + pcDNA3.1-CircCBFB group
compared with that in the CQ + pcDNA3.1 group (Fig. 3C,
P <0.05). Overall, circCBFB facilitated HCC cell growth
through exacerbating cell autophagy.

CircCBFB targets miR-424-5p in HCC

The binding site between circCBFB and miR-424-5p was
predicted by the online software starBase (http://starb
ase.sysu.edu.cn), and the mutated sequence was designed
(Fig. 4A). Then, we detected miR-424-5p expression in
43 HCC tissues and their adjacent tissues, and the results
revealed the downregulated expression of miR-424-5p
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Fig.3 CircCBFB enhances cell autophagy to exacerbate HCC pro-
gression. MTT assay examined the proliferation rate of Huh-7 and
HCCLM3 cells (A); FCM detected the cell cycle (B) and the apop-
tosis rate (C) of Huh-7 and HCCLM3 cells. Data are presented

(Fig. 4B, P<0.01). Moreover, correlation analysis con-
firmed that circCBFB level was negatively correlated with
miR-424-5p level (Fig. 4C). Next, the enrolled patients
were divided into miR-424-5p high or low group according
to the expression of miR-424-5p, and the follow-up study
compared the difference in clinical survival between these
two groups by analyzing the prognosis. The results showed
that patients with higher miR-424-5p expression had higher
survival rate than those with lower miR-424-5p expression
(Fig. 4D, P<0.05).

Thereafter, we examined miR-424-5p expression in Huh-7
and HCCLM3 cells after transfection with pcDNA3.1-Circ-
CBFB and sh-CircCBFB. In Huh-7 cells transfected with
pcDNA3.1-CircCBFB, miR-424-5p expression was down-
regulated compared with that in Huh cells transfected with
pcDNA3.1 (Fig. 4E, P <0.01). miR-424-5p expression was
upregulated in HCCLM3 cells of the sh-CircCBFB group
compared with that in the sh-NC group (Fig. 4F, P <0.01).
In addition, FISH analysis revealed that circCBFB bound
to and co-expressed with miR-424-5p in the cytoplasm of
HCC cells (Fig. 4G).

To identify whether circCBFB could directly bind to
miR-424-5p, AGO2 antibody was used in HCCLM3 cells
to perform RIP. The results displayed that AGO2 antibody
enriched circCBFB significantly (Fig. 4H, P <0.001),
while IgG antibody could not enrich it. Additionally, dual
luciferase reporter assay manifested that co-transfection of
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mut-CircCBFB and miR-424-5p mimic/inhibitor did not
alter the luciferase activity in HEK293T cells; in HEK293T
cells transfected with wt-CircCBFB, miR-424-5p mimic
inhibited the luciferase activity, and miR-424-5p inhibi-
tor remarkably elevated the luciferase activity (Fig. 41,
P <0.05). These results supported that miR-424-5p was a
target gene of circCBFB.

CircCBFB promotes HCC cell proliferation
and autophagy through targeting miR-424-5p

To explore whether circCBFB could act as an oncogenic
gene through regulating miR-424-5p, Huh-7 cells were
transfected with pcDNA3.1-CircCBFB (the CircCBFB
group) or co-transfected with pcDNA3.1-CircCBFB and
miR-424-5p mimic (the CircCBFB + mi-miR-424-5p group),
and HCCLM3 cells were transfected with sh-CircCBFB
(the sh-CircCBFB group) or co-transfected with sh-Circ-
CBFB and miR-424-5p inhibitor (the sh-CircCBFB + in-
miR-424-5p group).

MTT assay showed that Huh-7 cell proliferation in the
CircCBFB group was enhanced than that in the pcDNA3.1
group, while the cell proliferation in the CircCBFB + mi-
miR-424-5p group was inhibited than that in the CircCBFB
group (Fig. 5A, B, P <0.05). HCCLM3 cell proliferation
was suppressed in the sh-CircCBFB group but prompted in
the sh-CircCBFB +in-miR-424-5p group when separately
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Fig.4 CircCBFB directly binds to miR-424-5p in HCC. StarBase
showed the binding site between circCBFB and miR-424-5p (A);
qRT-PCR analysis of miR-424-5p expression in HCC tissues and the
adjacent tissues (B); Pearson correlation analysis confirmed the nega-
tive correlation between circCBFB and miR-424-5p (C); Kaplan—
Meier survival analysis (D); miR-424-5p expression in HCC cells was
determined by qRT-PCR (E, F); FISH analysis of the co-localization
of circCBFB and miR-424-5p in the cytoplasm, scale bar=50 pm

compared with the sh-NC group and sh-CircCBFB group
(Fig. 5A, B, P<0.05).

In the CircCBFB group, the proportion of Huh-7 cells in
S phase was increased compared with that in the pcDNA3.1
group, while the CircCBFB + mi-miR-424-5p group had

(G); anti-AGO2 RIP was analyzed by RT-PCR to detect the enrich-
ment of circCBFB and miR-424-5p (H); Dual luciferase reporter
assay examined the interactions between circCBFB and miR-424-5p
(I). Data are presented as average +standard deviation. “P<0.01,
P <0.001, compared with sh-NC group, pcDNA3.1 group, mi-NC
group, or in-NC group. HCC, hepatocellular carcinoma; RIP, RNA
immunoprecipitation; FISH, fluorescence in situ hybridization

increased proportion of Huh-7 cells in G1 phase com-
pared with that in the CircCBFB group (Fig. 5C, P <0.05).
HCCLM3 cell cycle was arrested in G1 phase in the sh-Circ-
CBFB group in comparison with the sh-NC group, while the
sh-CircCBFB + in-miR-424-5p showed elevated proportion
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Fig.5 CircCBFB modulates HCC cell proliferation and autophagy
through sponging miR-424-5p. HCC cell proliferation was assessed
by MTT assay (A, B); FCM determined HCC cell cycle (C, D) and
apoptosis (E, F); Western blotting of LC3II/LC3I, Beclinl, and p62
levels (G, H). Data are presented as average +standard deviation.

of HCCLM3 cells in S phase compared with that in the sh-
CircCBFB group (Fig. 5D, P <0.05).

FCM displayed lower apoptosis rate of Huh-7 cells in
the CircCBFB group (vs. the pcDNA3.1 group) and higher
apoptosis rate in the CircCBFB + mi-miR-424-5p group (vs.
the CircCBFB group) (Fig. SE, P<0.01). In HCCLM3 cells,
the apoptosis rate of HCCLM3 cells in the sh-CircCBFB
group was increased compared with the sh-NC group, and
the sh-CircCBFB +in-miR-424-5p group showed decreased
apoptosis rate of HCCLM3 cells when compared with the
sh-CircCBFB group (Fig. 5F, P<0.01).

Western blotting quantified the expression levels of
LC3II/LC3I, Beclinl, and p62 in Huh-7 and HCCLM3
cells. Compared with the pcDNA3.1 group, the Circ-
CBFB group exhibited higher levels of LC3II/LC3I
and Beclinl and lower expression of p62 in Huh-7 cells
(Fig. 5G, P <0.01). Compared with the CircCBFB group,
the decreased levels of LC3II/LC3I and Beclinl and
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“P<0.01, compared with sh-NC group or pcDNA3.l1 group,
#P <0.01, compared with sh-CircCBFB group or CircCBFB group.
HCC, hepatocellular carcinoma; FCM, flow cytometry; NC, negative
control

increased level of p62 were found in Huh-7 cells of the
CircCBFB + mi-miR-424-5p group (Fig. 5G, P <0.01). In
the sh-CircCBFB group, LC3II/LC3I and Beclinl expres-
sion levels were suppressed, and p62 expression was ele-
vated in HCCLM3 cells in comparison with the sh-NC
group (Fig. SH, P <0.01). Reverse results were found
in HCCLM3 cells of the sh-CircCBFB + in-miR-424-5p
group when compared with the sh-CircCBFB group
(Fig. 5H, P <0.01). Taken together, circCBFB prompted
autophagy and progression of HCC cells through acting
as a sponge of miR-424-5p.

ATG14 is a downstream target gene of miR-424-5p
in HCC

We had predicted the binding site between ATG14 and miR-
424-5p through starBase (http://starbase.sysu.edu.cn) and
designed the mutated sequence (Fig. 6A). The upregulated
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ATG14 expression in the 43 tissue samples was assessed
(Fig. 6B, P<0.001). Further analysis showed the negative
association between ATG14 and miR-424-5p expression lev-
els (Fig. 6C). Thereafter, we found that Huh-7 cells trans-
fected with miR-424-5p mimic had lower ATG14 expression
(Fig. 6D, P <0.001), and HCCLM3 cells in the in-miR-
424-5p group had higher ATG14 level (Fig. 6E, P <0.001).
Dual luciferase reporter assay exhibited no noticeable
change in luciferase activity after HEK293T cell was trans-
fected with mut-ATG14. Co-transfection of wt-ATG14 and
miR-424-5p mimic into HEK293T cells reduced the lucif-
erase activity, and co-transfection of wt-ATG14 and miR-
424-5p inhibitor enhanced the luciferase activity (Fig. 6F,
P <0.05). These results implied that ATG14 was a target
gene of miR-424-5p.

CircCBFB promotes HCC cell autophagy
through ATG14

To identify whether ATG14 could be a downstream effector
of circCBFB, sh-ATG14/pcDNA3.1-ATG14 and pcDNA3.1-
CircCBFB/sh-CircCBFB were co-transfected into Huh-7
cells and HCCLM3 cells. ATG14 expression in these cells is
shown in Fig. 7A and B. MTT assay manifested that the pro-
liferation of Huh-7 cells in the CircCBFB + sh-ATG14 group
was suppressed than that in the CircCBFB + sh-NC group

(Fig. 7C), evidencing that ATG14 knockdown could inhibit
the enhancement of HCC cell proliferation induced by circ-
CBFB overexpression. HCCLM3 cell proliferation in the
sh-CircCBFB + ATG14 group was raised compared with that
in the sh-CircCBFB + pcDNA3.1 group (Fig. 7D), suggest-
ing that ATG14 overexpression offset, in part, CircCBFB-
silencing induced suppression of HCC cell proliferation.

Compared with the CircCBFB + sh-NC group, the
proportion of Huh-7 cells in G1 phase was significantly
increased in the CircCBFB + sh-ATG14 group (Fig. 7E,
P <0.05). HCCLM3 cells in G1 phase were reduced in
the sh-CircCBFB +-ATG14 group in comparison with
cells in the sh-CircCBFB + pcDNA3.1 group (Fig. 7F,
P <0.05). Moreover, the apoptosis rate of Huh-7 cells in
the CircCBFB +sh-ATG14 group was increased than that
in the CircCBFB + sh-NC group (Fig. 7G, P<0.01), and
in the sh-CircCBFB + ATG14 group, the apoptosis rate of
HCCLM3 cells was declined than that in sh-CircCBFB +
pcDNA3.1 group (Fig. 7H, P<0.01).

Western blotting of LC3II/LC3I, Beclinl, and p62 levels
showed that Huh-7 cell autophagy in the CircCBFB + sh-
ATG14 group was repressed than that in the CircCBFB
+ sh-NC group (Fig. 71, P <0.05), and HCCLM3 cell
autophagy in the sh-CircCBFB + ATG14 group was
increased than that in the sh-CircCBFB + pcDNA3.1 group
(Fig. 7], P<0.05). These results identified that circCBFB
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Fig.6 miR-424-5p directly targets ATG14. The binding site between
miR-424-5p and ATG14 (A); ATG14 expression in HCC tissues and
adjacent tissues was measured by RT-PCR (B); Pearson correlation
analysis of the relationship between ATG14 and miR-424-5p (C);
Western blotting quantified ATG14 expression after miR-424-5p

expression was overexpressed or silenced in HCC cells (D, E); Dual
luciferase reporter assay of luciferase activity (F). Data are presented
as average + standard deviation. * P < 0.05, P <0.01, compared with
mi-NC group or in-NC group. HCC, hepatocellular carcinoma; NC,
negative control
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«Fig.7 CircCBFB regulates ATG14 to regulate HCC cell prolif-
eration and autophagy. Huh-7 cells were separately transfected with
pcDNA3.1-CircCBFB,  pcDNA3.1-CircCBFB +sh-ATG14, and
sh-ATG14, and HCCLM3 cells were treated with sh-CircCBFB,
sh-CircCBFB + pcDNA3.1-ATG14, and pcDNA3.1-ATG14. Then,
Western blotting examined ATG14 expression (A, B); MTT assay
and FCM respectively detected HCC cell proliferation (C, D), cell
cycle (E, F), and apoptosis (G, H); Western blotting of LC3II/LC3I,
Beclinl, and p62 levels (I, J). Data are presented as average + stand-
ard deviation. “P<0.05, “P<0.01, compared with sh-NC group or
pcDNA3.1 group, ¥P <0.05, #P <0.01, compared with sh-CircCBFB
group or CircCBFB group. HCC, hepatocellular carcinoma; FCM,
flow cytometry; NC, negative control

regulated HCC cell autophagy through ATG14. To sum up,
circCBFB regulated the miR-424-5p/ATG14 axis and then
promoted HCC cell autophagy and proliferation.

Discussion

Although a number of studies have demonstrated abnor-
mal alteration in circRNA expression in HCC [19-21], the
regulation of circRNAs on autophagy in HCC development
is largely unknown. Herein, we uncovered that circCBFB
was upregulated in HCC tissues and promoted autophagy
through sponging miR-424-5p and regulating ATG14
(Fig. 8). Increased circCBFB expression in HCC also

displayed a correlation with poor prognosis and decreased
survival rate, which indicated its therapeutic significance in
disease management.

In the current study, the expression of circCBFB in
HCC tissues and the adjacent tissues were identified. We
confirmed that circCBFB was upregulated in HCC tissues
and highly expressed circCBFB predicted dismal 5-year
survival rate and poor prognosis, implying the significant
involvement of circCBFB in HCC progression. Consist-
ently, circCBFB overexpression was proven to prompt
cell proliferation and discourage apoptosis in HCC cells.
Considering the involvement of autophagy in HCC [22,
23], we speculated that circCBFB might also affect HCC
cell autophagy. LC3-II/LC3-I, Beclinl, and p62 are fre-
quently used markers of autophagy. Cytosolic LC3-I is
conjugated to phosphatidylethanolamine to become pha-
gophore- or autophagosome-associated LC3-II, which
promotes autophagosome formation [24, 25]. Cytoplas-
mic Beclinl is dysregulated and tightly correlated to
autophagy in HCC tissues, which affects the clinicopatho-
logic characteristics and survival time of HCC patients
[26]. P62, a selective substrate of macroautophagy, func-
tions as an adaptor protein that links ubiquitinated pro-
teins to LC3, and inhibition of macroautophagy results
in the accumulation of p62 [27]. In our study, LC3-II/
LC3-I and Beclinl levels were positively associated with

CircCBFB/miR-424-5p/ATG14
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Fig.8 Signal pathway diagram. The signal pathway diagram of circCBFB mediating autophagy and proliferation in hepatocellular carcinoma

through the miR-424-5p/ATG14 axis
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circCBFB expression in HCC cells, while p62 expres-
sion was decreased as an increase in circCBFB expres-
sion. More importantly, overexpression of circCBFB was
found to offset the inhibition of CQ on cell autophagy and
exacerbate cancer cell proliferation as well as suppress
cell apoptosis. Therefore, it can be concluded that circ-
CBFB aggravated HCC progression through facilitating
cell autophagy.

A circRNA exerts biological functions through spong-
ing miRNA and therefore regulates a downstream target
gene of the miRNA [28]. CircCBFB has also been vali-
dated to act on cell progression through ceRNA mecha-
nisms [16, 17], and circCBFB knockdown could alleviate
mitochondrial dynamics in injured hepatocytes through
sponging a certain miRNA [18]. Through Pearson cor-
relation analysis, FISH, and RIP assays, we found that
circCBFB directly bound to and co-localized with miR-
424-5p in the cytoplasm, and then the interaction between
circCBFB and miR-424-5p was further identified by dual
luciferase reporter assay. miR-424-5p is downregulated
both in vivo and in vitro and is related to intrahepatic
metastasis and drug resistance [29, 30]. Consistently,
miR-424-5p expression was significantly suppressed in
HCC tissues. In addition, circCBFB overexpression sup-
pressed miR-424-5p level in HCC cells. In the present
study, circCBFB overexpression could increase prolifera-
tion and suppress apoptosis of HCC cells, which could be
counteracted by upregulated miR-424-5p in HCC cells.
Moreover, circCBFB- triggered autophagy was inhibited
by miR-424-5p overexpression, supported by the declined
levels of LC3-1I/LC3-I and Beclinl and enhanced expres-
sion of p62. Hence, we confirmed that circCBFB regulated
HCC cell proliferation, apoptosis, and autophagy through
acting as a sponge of miR-424-5p.

ATG14 has been reported to implicate in the autophagy
of both liver samples and hepatic cells [31, 32]. Herein,
ATG14 expression was promoted in HCC tissues, and
ATG14 was identified to be a target gene of miR-424-5p,
suggesting an important role of ATG14 in HCC. Besides,
ATG14 expression in HCC cells was negatively associated
with miR-424-5p expression. Interestingly, the prompted
proliferation of HCC cells induced by circCBFB over-
expression was partly repressed by ATG14 silencing.
CircCBFB had an inhibitory effect on the apoptosis of
HCC cells, while this effect was counteracted by ATG14
silencing. Moreover, increased autophagy of HCC cells
elicited by circCBFB overexpression was attenuated by
ATG14 silencing. A protein complex, which consists of
ATG14, Beclinl, vacuolar sorting protein 15 (Vpsl)),
and Vps34 (the catalytic subunit of the class III PI3K),
is crucial for autophagy initiation [33]. The binding of
human ATG14 to Beclinl, through its coiled-coil domain,
is required for autophagy, and ATG14 recruits a subset of
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class III PI3-kinase to the endoplasmic reticulum, which
contributes to autophagosome formation [34]. Fogel
et al. have reported human ATG14 as a critical regulator
of autophagy-dependent phosphorylation of Beclinl, and
the phosphorylation of Beclinl at serines 90 and 93 is
necessary for autophagy [35]. Also, the inhibitory effect
of blocking Beclinl/Vps34/ATG14 complex activity on
autophagy in HCC has been stated in an AKT-dependent
manner [36].

In general, based on the results obtained from HCC tis-
sues and cells, our study highlighted an important role of
circCBFB in HCC progression. Herein, circCBFB was
demonstrated to affect HCC progression by triggering cell
autophagy through the miR-424-5p/ATG14 axis. Given the
oncogenic role of circCBFB in HCC development, our study
unravels a pharmacological target for HCC treatment.
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