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Circular RNA SOX5 promotes the proliferation and inhibits the apoptosis of the
hepatocellular carcinoma cells by targeting miR-502-5p/synoviolin 1 axis
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ABSTRACT ARTICLE HISTORY

We aimed to explore the role of circ-SOX5 in the pathogenesis of hepatocellular carcinoma (HCC). Received 13 December 2021
The circRNAs in HCC were screened using the GEO database. RT-qPCR was used to detect mRNA Revised 7 January 2022
expression. Targeting relationships were confirmed by dual luciferase reporter assay and RNA pull-  Accepted 8 January 2022
down assay. CCK-8 and EDU staining were used to measure cell viability and proliferation, KEYWORDS
respectively. Cell apoptosis was determined using flow cytometry. Protein expression was deter- Hepatocellular carcinoma;
mined by Western blotting. Circ-SOX5 expression was increased in HCC tissues. Inhibition of circ- apoptosis; synoviolin 1; circ-

SOX5 expression reduced the viability, proliferation, and colony formation, and increased the SOX5
apoptosis of HCC cells. However, miR-502-5p inhibition or overexpression of synoviolin 1 (SYVN1)

can reverse the effects of circ-SOX5 knockdown on proliferation and apoptosis. This study
demonstrated that the circ-SOX5/miR-502-5p/SYVN1 axis promotes the development of HCC by
regulating cell apoptosis. Therefore, circ-SOX5 may be a potential biomarker of HCC.
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Circ-SOX5 expressed highly in HCC

1. Introduction worldwide [3]. HCC is secretive at an early stage, and

Hepatocellular carcinoma (HCC) is a common  most HCC cases are diagnosed at an advanced stage.
malignant tumor that is highly metastatic and  Moreover, the five-year survival rate after surgery is
aggressive. In 2020, new cases of liver cancer low [4], and the recurrence and metastasis rates are
accounted for 4.7% of the new cases of cancer in  more than 60% [5]. Thus, identifying a sensitive
the whole year and ranks second in cancer-related  biomarker for HCC is of vital importance.

deaths globally [1,2]. Chinese patients account for Apoptosis is a gene-controlled autonomous cell
approximately half of the total number of HCC cases ~ death system proposed by Kerr in 1972 [6]. It
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helps eliminate excess cells and injured cells, affect
the tissue and organ development, and establish
the immune system [7,8]. Apoptosis occurs
through two pathways: the death receptor-
mediated pathway and the mitochondrial pathway
[9]., and both ultimately activate the cysteine pro-
tease (caspase) to trigger apoptosis [10]. Apoptosis
can also regulate tumors [11]. Tumor radiotherapy
and chemotherapy can also be implemented by
inducing apoptosis [12]. However, the underlying
mechanisms remain unclear.

Circular RNAs (circRNAs) are a class of non-
coding RNAs that are widely distributed in various
organisms, with a covalently closed loop structure
[13]. CircRNAs have no 5X cap and 3X poly (A)
tail, and cannot be degraded by exonuclease, so are
more stable than linear RNA [14]. CircRNAs are
usually produced in a non-classical splicing form,
which is ubiquitous in gene expression program of
human cells [15,16]. Memczak et al. confirmed
that circRNAs show a very important regulatory
effect on gene expression at the post-
transcriptional level [14]. CircRNAs block the
inhibitory effect of miRNA on target RNA by
binding to microRNAs (miRNAs), thereby regu-
lating the expression level of miRNA target genes
[17]. circRNAs have been reported to affect can-
cers such as gastric cancer [18], lung cancer [19],
and liver cancer [20]. In addition, the upregulation
of multiple circRNAs in HCC promotes the pro-
liferation and invasion of cancer cells and reduces
the occurrence of apoptosis [21-23]. However,
very few studies have been conducted to under-
stand the role of circRNAs in cancer and more
studies are needed for further clarification.

Therefore, this study aimed to explore circ-
SOX5 in HCC and its effect on apoptosis. We
hypothesize that circ-SOX5 participated in the
HCC progression via regulating the miR-502-5p/
SYVNTI axis

2. Materials and methods
2.1 Patient

Samples were collected from HCC patients
(n = 40) as well as healthy volunteers (n = 40) at
the First Affiliated Hospital of Xi'an Medical
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University from 20  October 2019 to
20 October 2020.

The study was approved by the First Affiliated
Hospital of Xi'an Medical University. Signed
informed consents were obtained from all study

participants.

2.2 Cell culture and cell transfection

THLE-2, HepG2, and HCCLM3 cells were pur-
chased from the Type Culture Collection of the
Chinese Academy of Sciences (Shanghai, China).
DMEM with 10% fetal bovine serum, 100 mg/mL
of penicillin, and 100 U/mL of streptomycin
(Gibco, Waltham, USA) was used to culture cells.
The cells were maintained in the presence of 5%
CO , at 37°C.

Circ-SOX5, circ-SOX5 small interference RNA
(si- circ-SOX5), miR-502-5p inhibitor, SYVNI1
(Abiocenter Biotech Co., Ltd.) were transfected
into cells using Lipofectamine® 2000 reagent
(Invitrogen) at 37°C according to the manufac-
turer’s protocols. After 48 h of transfection, cells
were used for the following experiments.

2.3 RT-gPCR

RNA samples were extracted from all the cells
using a commercially available kit (Takara,
Japan) [24]. Then, cDNA was synthesized and
PCR was performed using a Real-Time PCR
Detection System (Bio-Rad, USA). The primer
sequences used were as follows:
circ-SOXS5: F: 5'-

TGCTCCAGCAACAGATCCAG-3/, R: 5'-
ATAGCTGAAGCCTGGAGGGA-3'; miR-502-5p:
F: 5-CACCTGGGCAAGGATTCA-3', R: 5'-
CTCAACTGGTGTCGTGGAGTC-3"; SYVNI: F:
5-CTTCGTCAGCCACGCTTATC-3', R: 5'-
CCACGG AGTGCAGCACATAC-3'.

2.4 Cell viability assay

After resuspending at 1 x 10° cells/ml, HepG2 and
HCCLM3 cells were seeded in 96-well plates at
100 pl/well according to a previous study [25].
CCKS8 reagent 10 pl (AmyJet Technology Co.,
Ltd.) was added to each well and incubated for
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4 h at 37°C. A microplate reader (Nanjing DeTie
Experimental Equipment Co., Ltd.) was used to
measure absorbance at 450 nm.

2.5 5-Ethynyl-2'-deoxyuridine assay

HepG2 and HCCLM3 cells were treated with EQU
dye and fixed with 4% paraformaldehyde accord-
ing to a previous study [26]. Cells were stained
with 1X Apollo reaction cocktail for 30 min before
incubation with Hoechst 33,342. Cells were then
observed and images were recorded using
a fluorescence microscope (Leica, Germany).

2.6 Flow cytometry assay

The apoptosis of HepG2 and HCCLM3 cells was
measured using the TransDetect® Annexin
V-FITC/PI Kit (FA101-01; TransGen Biotech Co.,
Ltd.) [27]. Briefly, 5 pl Annexin V-FITC was added
to a 6-well plate, and the cells were incubated for
15 min in the dark at room temperature. The
apoptosis rates of HCC cells were determined
using a NovoCyte Advanteon B4 Flow Cytometer
and  NovoSampler Q  software  (Agilent
Technologies Co., Ltd.).

2.7 Western blot analysis

According to a previous study [28], protein
extracts were subjected to 10% SDS gel electro-
phoresis. The protein extracts were then trans-
ferred to a polyvinylidene fluoride membrane
(Millipore), and incubated with primary antibo-
dies at 4°C overnight. The next day, the membrane
was incubated with the secondary antibodies for
two hours at room temperature. Finally, the
images were captured using an ECL system
(Thermo Fisher Scientific, Inc.).

2.8 Transwell assay

According to previous study [29], cell culture
Transwell inserts were placed into the 48-well
plates to generate the departed upper and lower
chambers following 48 h transfection. Besudes,
Matrigel was selected to pre-coat the upper of the
membrane. The cells in the upper chamber were
then cultured for 1 h at 37°C. The membrane was

hydrated with FBS 2 h prior. 600 ul of RPMI-1640
supplemented with 10% FBS and 1 x 10° cells/well
was placed into the lower and upper chamber
separately. Each experiment was repeated 3 times.
After 24 h of culturing, a microscope was used to
count the numbers of invaded and migrated cells.

2.8 Dual luciferase reporter assay

The wild-type (WT) and mutant (MUT) type
3-UTR regions of circ-SOX5 and SYVNT1 luciferase
reporter vectors were designed and synthesized by
Guangzhou RiboBio Co., Ltd according to
a previous study [30]. After cultivation for 24 h,
the cells were lysed. Luciferase Reporter Assay Kit
(K801-200; BioVision Tech Co., Ltd.) was used to
analyze luciferase activity 48 h after co-
transfection with miR-18b-5p mimic/control and
the luciferase reporter vectors. Finally,, luciferase
activity was normalized to Renilla luciferase
activity.

2.9 RNA pull-down

RNA pull-down assays were performed using
MagCapture®™ RNA Pull Down Assay Kit
(Whatman Co., Ltd.) following the manufacturer’s
protocols according to a previous study [31].
Proteins were then collected for mass spectrometry
analysis.

2.10 Statistical analysis

Each experiment was carried out 3 times. All data
were calculated using GraphPad Prism and are
presented as mean + SD. Student’s t-test was per-
formed to compare the differences between two
groups, the contrast of multiple groups with the
analysis of variance (ANOVA) followed by
Duncan’s post-hoc test. The starbase online data-
base was used to predict the target miRNA of circ-
SOXS5, and targetscan online database was used to
predict the target gene of miR-502-5p. P < 0.05
suggested a significant difference.

3. Results

Circ-SOX5 was significantly up-regulated in the
HCC cells. Inhibition of circ-SOX5 increased the



apoptosis of tumor cells and reduced the prolifera-
tion of tumor cells through miR-502-5p/SYVNI
axis. We demonstrated that circ-SOX5 might be
a potential therapeutic target or diagnostic marker
for the treatment of HCC.

3.1 Circ-SOX5 expressed highly in HCC

To select circRNAs related to HCC, we ana-
lyzed the microarray data of GSE155949 from
the GEO database. Compared with normal tis-
sues, 5726 circRNAs were found upregulated in
HCC tissues, while 4868 circRNAs were down-
regulated. The expression of circ-SOX5 in HCC
tissues was notably increased (Figure 1(a)). In
addition, compared with that in normal con-
trols, circ-SOX5 in the serum of HCC patients
was significantly increased (Figure 1(b)).
Meanwhile, the expression of circ-SOX5 in
HepG2 and HCCLM3 cells was also signifi-
cantly increased (Figure 1(c)). Figure 1(d)
shows that in HepG2 and HCCLM3 cells, com-
pared with circ-SOXS5, the expression level of
SOX5 mRNA was markedly decreased after
RNaseR treatment. Half-life of SOX5 mRNA
was only about 4 h, while circ-SOX5 had a half-
life of more than 24 h (Figure 1(e)), suggesting
more stable RNA expression of circ-SOX5.
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3.2 Knockdown of circ-SOX5 reduced cell
viability, proliferation as well as colony
formation, while increased apoptosis of HCC cells

circ-SOX5 in HepG2 and HCCLM3 cells was
notably decreased after knocking down, indi-
cating successful transfection. Moreover, si-
circ-SOX5 2 # was more remarkable, which
was used in subsequent experiments (Figure 2
(a)). Knockdown of circ-SOX5 significantly
inhibited cell viability, proliferation, and clone
formation of HCC cells (Figure 2(c-d)). The
apoptosis was significantly increased after circ-
SOX5 knockdown (Figure 2(e)). Moreover,
expression of proteins BAX was well as cas-
pase-3 while decreased BCL2 was decreased
(figure 2(f)). Additionally, Knockdown of circ-
SOX5 significantly decreased the cell migration
and invasion of HCC cells (Figure 2(g-h)).

3.3 Circ-SOXS5 directly targeted miR-502-5p

We looked for the potential target miRNAs of
circ-SOXS5. Figure 3(a) shows the binding sites
of miR-502-5p as well as circ-SOXS5, verified by
dual luciferase reporter assay and RNA pull-
down assay (Figure 3(b-c)). miR-502-5p expres-
sion was significantly reduced in HCC cells
(Figure 3(d)). Moreover, circ-SOX5 knockdown
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Figure 1. Circ-SOX5 was up-regulated in HCC. (a) Volcano plots indicated the differentially expressed circRNAs between HCC and
normal samples from the GSE155949 datasets. (b) circ-SOX5 expression in HCC. (c) circ-SOX5 expression in HCC cells. (d) Expression
of circ-SOX5 in hcc cells after treatment with RNaseR. (e) Half-life of circ-SOX5 and SOX5 mRNA in HCC cells. **P < 0.01, *** P < 0.001

versus control.
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Figure 2. Circ-SOX5 knockdown reduced cell viability, proliferation as well as colony formation, increased apoptosis of HCC
cells. (a) Expression of circ-SOX5 in HCC cells. (b) HCC cells viability. (c) HCC cells proliferation. (d) Clone formation of HCC cells. (e)
The apoptosis of HCC cells. (f) The protein expression of BAX, BCL2 as well as Caspase3. (g) The migration of the HCC cells. (h) The
invasion of the HCC cells. **P < 0.01, *** P < 0.001 versus control.

significantly upregulated miR-502-5p expres-
sion (Figure 3(e)).

3.4 miR-502-5p directly targeted SYVN1

In order to determine the regulatory axis,
including circ-SOX5 and miR-502-5p, we inves-
tigated target gene of miR-502-5p, and found
SYVN1 (Figure 4(a)), which was confirmed by
RNA pull-down assay and dual luciferase
reporter assay (Figure 4(b- c)). Compared with
normal liver cells, expression of SYVNI in liver
tumor cells was significantly increased.
Additionally, miR-502-5p overexpression signif-
icantly reduced the expression of SYVNI
(Figure 4(e)).

3.5 Inhibition of miR-502-5p and overexpression
of SYVNT1 reversed the effects of circ-SOX5
knockdown on cell viability and apoptosis

To further verify the potential of circ-SOX5 in
HCC, rescue assays were performed. In Figure 5
(a), miR-502-5p expression was significantly
decreased in the miR-502-5p inhibitor group.
SYVNI1 was markedly upregulated in SYVNI1 over-
expression plasmids (Figure 5(b)). Both mir-502-
5p inhibition and SYVNI overexpression remark-
ably improved cell viability, proliferation, and
clone formation in HCC cells (Figure 5(c-h)).
Meanwhile, the apoptosis was significantly
reduced after inhibition of miR-502-5p or over-
expression of SYVN1 (Figure 5(i-j)). Moreover,
downregulation of miR-502-5p or upregulation of



BIOENGINEERED

& 3367

b s

HepG2 3 mimic nc 1.57 HCCLM3 3 mimic nc
2 =3 mimic 2 = mimic
2 s
o ©
circ-S0X5  WT: 5 GGCUGCAGCUGCCCA ---- GCAAGGAU3' | B,/ 8 o
[N [NERAEN g g
miR-502-5p: 3' AUCGUGGGUCUAUCGUUCCUA S % % "
3 i 3
. 0 05 ‘2 0.5
circ-SOX5 MUT: 5 GGCUGCAGCUGGGGUCUAUCGUUCCUU 3' 2 -
] ]
& &
0 - (X
wT MUT
cm & d a a 3 si-nc
X 15 HepG2 X 15 HCCLM3 2 @ 3 si-circ-SOX5
a ? 8 g
£ £ [ [
S B E - g
510 % 2 1.0 5 S1. 582
- 2 = & c c
cg Sa Ss s
s s 2c S <
ES ES %S 26
£3 53 £3 £2
E2o0s ELo0s g;o.s g 1
g £ g :
5 5 & &
¢ 00 & o0 K 0 C]
& & R > & ) THLE-2 HepG2 HCCLM3 HepG2 HCCLM3
« & & « o &
& & <& &
& £
& &

Figure 3. Circ-SOX5 sponged miR-502-5p. (a) The binding sites between circ-SOX5 and miR-502-5p. (b) Luciferase activity of
HepG2 and HCCLM3 cells. (c) Interaction between circ-SOX5 as well as miR-502-5p. (d) miR-502-5p expression in HepG2 and HCCLM3
cells. (e) miR-502-5p expression in cells with circ-SOX5 knockdown. **P < 0.01, *** P < 0.001 versus control.

a
SYVN1 WT: 5" UGCAAUCCCAGCGCCCAAGGAAG 3
[BERN RN
miR-502-5p: 3' AUCGUGGGUCUAUCGUUCCUA S
SYVN1 MUT: 5'UGCAAUGGGUCCGCCGUUCCUAG3'
c
< 15 HepG2 = 15 HCCLM3
z z
g g
w w
E E 1.0 E g 1.0
§c g2
£5 £5
gz gz
$& o5 SS o5
g g
k k
& &
0.0 0.0
& g «R S g «R
S A U
& &
N N
<° <°

1.57 HepG2 =3 mimic nc 1.57 HCCLM3 I mimic ne
2 = mimic F- =1 mimic
2 2
s o
< ©
g 1.0 % 1.0
2 2
3 ]

30 §08
5 k5
& g
0.0 0.0
wT MUT

1.59 =3 mimic nc
=3 mimic

(fold change)

Relative expression of SYVN1
(fold change)
Relative expression of SYVN1

THLE-2

HepG2 HCCLM3

HepG2

HCCLM3

Figure 4. MiR-502-5p bound with SYVN1. (a)Binding sites of miR-502-5p as well as SYVN1. (b) Luciferase activity of HepG2 and
HCCLM3 cells. (c) Interaction between SYVN1 as well as miR-502-5p. (d) SYVNT1 expression in HepG2 and HCCLM3 cells. (e) SYVN1
expression in cells with miR-502-5p overexpression. **P < 0.01, *** P < 0.001 versus control.

SYVNI1 abrogated the effects of circ-SOX5 knock-
down on the expression of BAX, caspase-3, and
BCL2 (Figure 5(k)). Besides, both mir-502-5p inhi-
bition and SYVNI1 overexpression remarkably
improved cell migration and invasion in HCC
cells (Figure 5(1-n)).

4. Discussion

HCC has poor prognosis and high recurrence rate,
which poses a huge threat to human health [32]. In

this study, we investigated the role of circ-SOXS5 in
HCC. However, circ-SOX5 knockdown increased
apoptosis and suppressed the proliferation of HCC
cells. Moreover, circ-SOX5 sponges miR-502-5p to
upregulate SYVNI. Therefore, the circ-SOX5/miR-
502-5p/SYVNI axis may be a potential therapeutic
target for HCC.

Various differently expressed genes or
circRNAs participated in the HCC progressions
via regulating the cell biological behaviors. Bian
et al. [33] demonstrated that YTHDF1 was also
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a potential molecular target for HCC treatment,
which promoted the aggressive phenotypes by
facilitating  epithelial-mesenchymal transition.
Besides, dysregulated circRNAs are associated
with the development of HCC. For instance, over-
expression of circ-CRIM1 promotes the prolifera-
tion and angiogenesis of HCC [34]. However,
hsa_circ_0007059 inhibits HCC growth and stem-
ness [35]. These findings indicate that circRNAs
may function as oncogenes or tumor suppressors
in HCC. Therefore, identifying the exact role of
circRNAs in HCC is vital. In this study, circ-
SOX5 was overexpressed in HCC cells. circ-
SOX5 knockdown suppressed the proliferation

and promoted the apoptosis of HCC cells, sug-
gesting that circ-SOX5 may function as an onco-
gene in HCC.

circRNAs function as ceRNAs to participate in
biological processes by sponging miRNA(s). After
confirming the regulatory effect of circ-SOX5 on
HCC, we predicted the target genes downstream of
circ-SOX5 and found that miR-502-5p interacts
with circ-SOX5. miR-502-5p can regulate renal
cell carcinoma [36], ovarian cancer [37], gastric
cancer [34], and other cancers, but its association
with HCC has not yet been reported. In this study,
we found that miR-502-5p expression in liver
tumor cells was reduced, and the inhibition of



miR-502-5p expression weakened the effect of
circ-SOX5 knockdown on tumor cells, indicating
that miR-502-5p plays an important role in the
regulatory axis of circ-SOX5.

Synovialis (SYVNI1) is a target gene of miR-502-
5p predicted by bioinformatics methods [38,39].
Some studies have shown that SYVNI is related to
the development of various tumors [35,40], and
SYVN1 promotes the proliferation of tumor cells
in HCC [41]. We also confirmed that high expres-
sion of SYVN1 could enhance the viability, prolif-
eration, and clone formation of HCC cells, as well
as affect the regulation of circ-SOX5.

5. Conclusion

In summary, HCC cells showed increased expres-
sion of «circ-SOX5. Inhibition of circ-SOX5
increased the apoptosis of tumor cells and reduced
the proliferation of tumor cells through miR-502-
5p/SYVNI1 axis. These findings may provide
potential therapeutic targets or diagnostic markers
for the treatment of HCC.

Highlights

(1) Circ-SOX5 expressed highly in HCC.

(2) Circ-SOX5 directly targeted miR-502-5p

(3) SOX5/miR-502-5p/SYVN1 axis promotes
the development of HCC

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This study was supported by General special Scientific
research  project
(No. 20JK0887).

of Shaanxi Education Department

Ethical approval

This study protocol was approved by the Ethics Committee of
the First Affiliated Hospital of Xi'an Medical University
201,900,307 on March 7th in 2019.

BIOENGINEERED e 3369

References

[1] Sung H, Ferlay ], Siegel RL, et al. Global cancer statis-
tics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 Cancers in 185 countries.
CA Cancer J Clin. 2021;71(3):209-249.

[2] Liu J, Sun G, Pan S, et al. The Cancer Genome Atlas
(TCGA) based m6A methylation-related genes predict
prognosis in hepatocellular carcinoma. Bioengineered.
2020;11(1):759-768.

[3] Torre LA, Bray F, Siegel RL, et al. Global cancer statis-
tics, 2012. CA Cancer J Clin. 2015;65(2):87-108.

[4] Allemani C, Matsuda T, Di Carlo V, et al. Global
surveillance of trends in cancer survival 2000-14
(Concord-3): analysis of individual records for 37 513
025 patients diagnosed with one of 18 cancers from 322
population-based registries in 71 countries. Lancet.
2018;391(10125):1023-1075.

[5] Yang T, Zhang J, Lu JH, et al. A new staging system
for resectable hepatocellular carcinoma: comparison
with six existing staging systems in a large Chinese
cohort. J Cancer Res Clin Oncol. 2011;137
(5):739-750.

[6] Kerr JF, Wyllie AH, Currie AR. Apoptosis: a basic
biological phenomenon with wide-ranging implica-
tions in tissue Kkinetics. Br J Cancer. 1972;26

(4):239-257.

[7] Rathmell JC, Thompson CB. Pathways of apoptosis in
lymphocyte development, homeostasis, and disease.
Cell. 2002;109(2):S97-107. 109 Suppl

[8] Strasser A, Jost PJ, Nagata S. The many roles of FAS
receptor signaling in the immune system. Immunity.
2009;30(2):180-192.

[9] Jiang L, Yang F, Zhao Q, et al. MicroRNA-665 med-
iates propofol-induced cell apoptosis in human stem
cell-derived Bioengineered.  2019;10
(1):493-500.

[10] Mazumder S, Plesca D, Almasan A. Caspase-3 activa-

tion is a critical determinant of genotoxic
apoptosis. Methods Mol Biol.

neurons.

stress-induced
2008;414:13-21.

[11] Sachs L, Lotem J. Control of programmed cell death in
normal and leukemic cells: new implications for
therapy. Blood. 1993;82(1):15-21.

[12] Nicholson DW, Thornberry NA. Apoptosis. Life and
death decisions. Science. 2003;299(5604):214-215.

[13] Szabo L, Salzman J. Detecting circular RNAs: bioinfor-
matic and experimental challenges. Nat Rev Genet.
2016;17(11):679-692.

[14] Memczak S, Jens M, Elefsinioti A, et al. Circular RNAs
are a large class of animal RNAs with regulatory
potency. Nature. 2013;495(7441):333-338.

[15] Danan M, Schwartz S, Edelheit S, et al. Transcriptome-
wide discovery of circular RNAs in Archaea. Nucleic
Acids Res. 2012;40(7):209-249.

[16] Salzman ], Gawad C, Wang PL, et al. Circular RNAs
are the predominant transcript isoform from hundreds



3370

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

(28]

(29]

Y. CALAND Y. JIA

of human genes in diverse cell types. PLoS One. 2012;7
(2):e30733.

Valdmanis PN, Kay MA. The expanding repertoire of
circular RNAs. Mol Ther. 2013;21(6):1112-1114.
Cheng Z, Yu C, Cui S, et al. circTP63 functions as
a ceRNA to promote lung squamous cell carcinoma
progression by upregulating FOXM1. Nat Commun.
2019;10(1):3200.

Guan E, Xu X, Xue F. circ-NOTCHI acts as a sponge
of miR-637 and affects the expression of its target gene
Apelin to regulate gastric cancer cell growth. Biochem
Cell Biol. 2020;98(2):164-170.

Pan H, Tang L, Jiang H, et al. Enhanced expression of
circ_0000267 in hepatocellular carcinoma indicates
poor prognosis and facilitates cell progression by
sponging miR-646. ] Cell Biochem; 2019:1-8.

Zhu Q, Lu G, Luo Z, et al. CircRNA circ_0067934
promotes tumor growth and metastasis in hepatocellu-
lar carcinoma through regulation of miR-1324/FZD5/
Wnht/beta-catenin  axis. Biochem Biophys Res
Commun. 2018;497(2):626-632.

Cao S, Wang G, Wang J, et al. Hsa_circ_101280 promotes
hepatocellular carcinoma by regulating miR-375/JAK2.
Immunol Cell Biol. 2019;97(2):218-228.

Li MF, Li YH, He YH, et al. Emerging roles of hsa_-
circ_0005075 targeting miR-431 in the progress of
HCC. Biomed Pharmacother. 2018;99:848-858.

Libke N, Senff T, Scherger S, et al. Extraction-free
SARS-CoV-2 detection by rapid RT-qPCR universal
for all primary respiratory materials. J Clin Virol
2020;130:104579.

Zhang YX, Yuan ], Gao ZM, et al. LncRNA TUC338
promotes invasion of lung cancer by activating MAPK
pathway. Eur Rev Med Pharmacol Sci. 2018;22(2):443-449.
Li Y, Ren S, Xia J, et al. EIF4A3-Induced circ-BNIP3
aggravated hypoxia-induced injury of H9¢2 cells by
targeting miR-27a-3p/BNIP3. Mol Ther Nucleic
Acids. 2020;19:533-545.

Fang ], Zhao X, Li S, et al. Protective mechanism of
artemisinin on rat bone marrow-derived mesenchymal
stem cells against apoptosis induced by hydrogen per-
oxide via activation of c-Raf-Erkl1/2-p90rsk-CREB
pathway. Stem Cell Res Ther. 2019;10(1):312.
Springhorn A, Hoppe T. Western blot analysis of the
autophagosomal membrane protein LGG-1/LC3 in
Caenorhabditis Methods
2019;619:319-336.

Xu J, Liu D, Niu H, et al. Resveratrol reverses
Doxorubicin inhibiting

elegans. Enzymol.

resistance by

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

epithelial-mesenchymal transition (EMT) through
modulating PTEN/Akt signaling pathway in gastric
cancer. ] Exp Clin Cancer Res. 2017;36(1):19.

Holting TLB, Knott MML. Analysis of regulatory DNA
sequences by dual-luciferase reporter assays in ewing
sarcoma. Methods Mol Biol. 2021;2226:139-149.
Incarbone M, Ritzenthaler C. Double-Stranded RNA
pull-down to characterize viral replication complexes
in plants. Methods Mol Biol. 2020;2166:307-327.
Shiani A, Narayanan S, Pena L, et al. The role of
diagnosis and treatment of underlying liver disease
for the prognosis of primary liver cancer. Cancer
Control. 2017;24(3):1073274817729240.

Bian S, Ni W, Zhu M, et al. Identification and valida-
tion of the N6-methyladenosine RNA methylation reg-
ulator YTHDF1 as a novel prognostic marker and
potential target for hepatocellular carcinoma. Front
Mol Biosci. 2020;7:604766.

Gao H, Xu J, Qiao F, et al. Depletion of hsa_-
circ_0000144 suppresses oxaliplatin resistance of gas-
tric cancer cells by regulating miR-502-5p/ADAM9
axis. Onco Targets Ther. 2021;65:2773-2787.

Xu YM, Wang HJ, Chen F, et al. HRD1 suppresses the
growth and metastasis of breast cancer cells by promot-
ing IGF-1R  degradation. Oncotarget. 2015;6
(40):42854-42867.

Luo S, Deng F, Yao N, et al. Circ_0005875 sponges
miR-502-5p to promote renal cell carcinoma progres-
sion through upregulating E26 transformation
specific-1. Anticancer Drugs. 2021;33(01):e286-¢298.
Zhan L, Yang J, Liu Y, et al. MicroRNA miR-502-5p
inhibits ovarian cancer genesis by downregulation of
GINS complex subunit 2. Bioengineered. 2021;12
(1):3336-3347.

Song Q, Su J, Miller LD, et al. scLM: automatic detec-
tion of consensus gene clusters across multiple
single-cell datasets. Genomics
Bioinformatics. 2021;19(2):330-341.
Song Q, Su J, Zhang W. scGCN is a graph convolu-
tional networks algorithm for knowledge transfer in
single cell omics. Nat Commun. 2021;12(1):3826.

Liu L, Yu L, Zeng C, et al. E3 ubiquitin ligase HRD1
promotes lung tumorigenesis by promoting sirtuin 2
Ubiquitination and degradation. Mol Cell Biol. 2020;40
(7). DOI:10.1128/MCB.00257-19

Ji F, Zhou M, Sun Z, et al. Integrative proteomics
reveals the role of E3 ubiquitin ligase SYVN1 in hepa-
tocellular carcinoma metastasis. Cancer Commun
(Lond). 2021;41(10):1007-1023.

Proteomics


https://doi.org/10.1128/MCB.00257-19

	Abstract
	1.  Introduction
	2.  Materials and methods
	2.1  Patient
	2.2  Cell culture and cell transfection
	2.3  RT-qPCR
	2.4  Cell viability assay
	2.5  5-Ethynyl-2′-deoxyuridine assay
	2.6  Flow cytometry assay
	2.7  Western blot analysis
	2.8  Transwell assay
	2.8  Dual luciferase reporter assay
	2.9  RNA pull-down
	2.10  Statistical analysis

	3.  Results
	3.1  Circ-SOX5 expressed highly in HCC
	3.2  Knockdown of circ-SOX5 reduced cell viability, proliferation as well as colony formation, while increased apoptosis of HCC cells
	3.3  Circ-SOX5 directly targeted miR-502-5p
	3.4  miR-502-5p directly targeted SYVN1
	3.5  Inhibition of miR-502-5p and overexpression of SYVN1 reversed the effects of circ-SOX5 knockdown on cell viability and apoptosis

	4.  Discussion
	5.  Conclusion
	Highlights
	Disclosure statement
	Funding
	Ethical approval
	References

