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Introduction: Chemotherapy resistance is the main cause of poor prognosis in patients with
hepatocellular carcinoma (HCC). Therefore, it is important to understand the molecular
mechanism of adriamycin (ADM) resistance in HCC. Increasing evidence indicates that
circular RNAs (circRNAs) play a crucial regulatory role in different pathological processes.
In the current study, we aimed to investigate the roles and the underlying molecular
mechanism of circFoxo3 in ADM-resistant HCC.

Materials and Methods: Twenty-five pairs of clinical tumors samples and matched normal
tissues were collected from patients with HCC. Gain- and loss-function experiments were
performed to investigate the role of circFoxo3 in ADM-resistant cells.

Results: CircFoxo3 expression was increased in ADM-resistant HCC tissues and HCC cell
lines and in metastatic tissues compared with non-metastatic tissues. CircFoxo3 knockdown
reduces and circFoxo3 overexpression enhances HCC cell invasion and tumor growth. In
addition, circFoxo3 interacted with miR-199a-5p and regulated miR-199a-5p expression.
Furthermore, ATP Binding Cassette Subfamily C Member 1 (ABCC1) was identified as
a new target of miR-199a-5p. CircFoxo3 interacted with miR-199a-5p to positively regulate
ABCCI1 expression, contributing to epithelial-mesenchymal transition progression.
Conclusion: CircFoxo3 knockdown reduces and circFoxo3 overexpression enhances HCC
cell invasion and tumor growth through regulation of miR-199a-5p/ABCC1 axis. Our
findings reveal that circFoxo3 may be novel biomarkers and therapeutic target for HCC
treatment.
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Introduction

Hepatocellular carcinoma (HCC) has become the leading cause of cancer-related
mortality worldwide. There were approximately 854,000 new liver cancer cases in
2015, compared to estimated 810,000 liver cancer-related deaths per year. It is esti-
mated that 72% of cases occur in Asia (more than 50% in China), 10% in Europe.'?
The therapeutic strategy of HCC is still based on surgery, radiotherapy and chemother-
apy, but the prognosis of patients is still very poor, especially in patients with che-
motherapy resistance.’ Adriamycin (ADM) is a routine drug chemotherapy treatment
for HCC, but multidrug resistance (MDR) of tumor cells seriously affects the effect of
chemotherapy for HCC.* Therefore, a better understanding ADM chemo-resistance
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mechanism for HCC is needed. The circular RNAs
(circRNAs) are stable, abundant, and conserved in eukaryo-
tic cells.® Recent evidence demonstrates that dysregulation
of circRNAs can enhance cell proliferation, migration, and
metastasis of liver cancer.”® Consequently, circRNAs may
lead to drug resistance in malignant tumors.

A previous study showed that circFoxo3 was decreased
in breast cancer tumor samples and cancer cells. However,
circFoxo3 was significantly increased when the cancer
cells were induced to apoptosis. They also found that
circFoxo3 could decrease p53 levels.”'! In this study,
we revealed that circFoxo3 was over-expressed in HCC
tissues and cancer cell lines, especially in ADM-resistant
HCC tissues and HCC cell lines. Moreover, we found that
circ-Foxo3 promoted HCC cell invasion by regulating
ABCCI1
research revealed that circFoxo3 may offer a novel bio-

expression by sponging miR-199a-5p. Our

marker and therapeutic target for HCC treatment.

Materials and Methods

Human Clinical Samples

Twenty-five pairs of clinical tumors samples and matched
normal tissues were collected from patients with HCC from
March 2016 to June 2018, The Third Xiangya Hospital,
Central South University. The average age of patients with
HCC samples is 50.2 years. Normal tissues were taken from
more than 5 cm away from the tumor. All the patients with
HCC were treated with Adriamycin before the operation.
ADM resistance was identified as more than 30% new
lesions or tumor growth after 2 months of ADM chemother-
apy, while ADM sensitive was considered to be increased
tumor growth less than 20% after ADM chemotherapy. All
tissues samples were collected immediately after surgery and
stored in liquid nitrogen for further use. All experiments
about human samples were approved by the Ethical
Committee of The Third Xiangya Hospital, Central South
University. Written informed consent was obtained from
each subject.

Cell Culture and Cell Transfection

Human normal hepatocellular cells (HL-7702) and two HCC
cells: SK-HEP-1, HepG2, SK-HEP-1/ADM and HepG2/
ADM were obtained from the Cell Collection Committee
of the Chinese Academy of Sciences (Shanghai, China).
All cells were cultured in RPMI11640 medium supplemented
with 10% fetal bovine serum (Gibco, USA) at 37°C in a 5%
CO, humidified incubator.

To construct circFoxo3-overexpressing plasmids, human
circFoxo3 cDNA was synthesized and cloned into pCD25-
ciR vector (Geneseed, China). CircFoxo3 siRNA plasmids
were constructed and purchased from (GenomediTech,
Shanghai, China). Plasmids were transfected into cell with
Lipofectamine 3000 (Invitrogen, USA) according to the
manufacture’s protocol. The cells transfected with an empty
pCD25-ciR vector were used as a control for the circFoxo3-
overexpressing group and the cells transfected with
scrambled sequence were used as a control for circFoxo3-
knockdown group. miR-199a-5p mimic, miR-199a-5p inhi-
bitor and a corresponding NC-miRNA were obtained from
RiboBio (Guangzhou, China).

RNA Isolation and Real-Time PCR

Total RNA isolation was performed with Trizol reagent
(Invitrogen, USA). The expression of circFoxo3 was mea-
sured by real-time PCR according to the manufacturer’s
protocol in CFX96 Real-Time System (Bio-Rad, USA). All
primers were synthesized by Sangon Biotech (Shanghai,
China) and GAPDH was used as an endogenous control.
Divergent primers for circFoxo3: left, CATGGA
TGCTGATGGGTTGG, right, AGTTCCCTCATTCTGGA
CCC; primers for Foxo3: forward, CGGGATAACCA
ACTCTCCTTCT, reverse, GACGAACATTTCCTCGGC
TG; ABCCI, forward, ATCACCATCATCCCCCAGGA
reverse, TGCAGTCCTCGAACTGTGTC; GAPDH, for-
ward, GAAAGCCTGCCGGTGACTAA, reverse, TTCCCG
TTCTCAGCCTTGAC. QPCR was performed at the condi-
tion: 95.0°C for 3 min, and 39 circles of 95.0°C for 10 s and
60°C for 30 s. The data were analyzed using the comparative
Ct (24€Ty method.

RNA Sample Treatment with RNase

R and PCR

Total RNA was isolated with TRIzol (Life Technologies)
RNase

R treatment was carried out for 15 min at 37°C using 3 U/
mg RNase R (Lucigen, cat. #RNR07250).

according to the manufacturer’s instructions.

RNA Fluorescence in situ Hybridization

CircFOXO3 probes were designed and synthesized by
RiboBio. The probe signals were detected with a fluorescence
in situ hybridization (FISH) kit (RiboBio) according to the

manufacturer’s instructions.
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Flow Cytometry Assay

HepG2/ADM and SK-HEP-1/ADM cells transfected with
indicated plasmids were stained with propidium iodide
using the cycle test plus DNA reagent kit (BD, USA)
according to the manufacturer’s protocol. Briefly, the trea-
ted cells were digested with trypsin, and collected by
centrifuging for 5 min at 1000 g. One mL of ice-cooled
PBS was used to resuspend the cells. After centrifugation,
the supernatant was carefully aspirated, leaving about 50
pL of PBS. The cells were fixed with ice-cool 70% ethanol
at 4°C for 12 h. The cells then were stained with 0.5 mL of
propidium iodide at 37°C for 30 min in the dark. The red
fluorescence was detected by a flow cytometer (Thermo
Fisher, USA) at an excitation wavelength of 488 nm for
cell cycle analysis.

Transwell Assay

In vitro invasion of HepG2/ADM and SK-HEP-1/ADM
cells were measured by transwell assays. About 1x10°
transfected cells were seeded into the upper chambers of
each trans-well. The bottom chamber was added 20% FBS
for 24 h. Then, the cells on the lower surface of the filter
were fixed and stained. Migrating cells were measured by
averaging the total numbers of cells from triplicate
determinations.

Luciferase Reporter Assay

Wild-type (WT) and mutant (MUT) circFoxo3, and WT
and mutant ABCC1 3'-UTR sequences were constructed.
Subsequently, we seeded SK-HEP-1/ADM cells into 96-
well plates and co-transfected 80 pmol/L miRNAs mimics
or negative control with the 100 ng circFoxo3 and ABCC1
wild-type or mutant type plasmids. The miRNA mimics or
negative control were acquired from Ribobio (Guangzhou,
China). After cultured for 24 h, dual-luciferase reporter
assay system (Promega, Madison, WI) was performed to
measure the luciferase activity following the manufac-
turer’s protocol. Renilla activity was used as an internal
control.

Pull-Down Assay

The pull-down assay was performed as described in pre-
vious study.9 In brief, 107 cells were washed with cold PBS,
lysed in 500 pL co-IP buffer, and incubated with 3 pg
biotinylated DNA oligo probes against endogenous or ecto-
pically expressed circ-Foxo3, at room temperature for 2 h. A
total of 50 pL washed Streptavidin C1 magnetic beads

(Invitrogen) were added to each binding reaction for 1 h at
room temperature. Then, the RNAs were purified using
RNeasy Mini Kit (QIAGEN) for further qPCR analysis.

Western Blot

After indicated treatment, SK-HEP-1/ADM cells were col-
lected for protein extraction using RIPA lysis buffer. BCA
Protein Concentration Assay Kit (Thermo Scientific, USA)
was used to determine the protein concentration of the
sample according to the manufacturer’s protocol. Proteins
were separated on 10% SDS gel and transferred into PVDF
membranes. Primary antibodies were used as follows:
ABCC1 (1:1000 dilution), E-cadherin (1:1000 dilution),
N-cadherin (1:1000 dilution), vimentin (1:1000 dilution),
GAPDH (1:3000 dilution) (Cell Signaling Technology,
USA). After primary antibodies incubation, the membranes
were incubated with a secondary anti-rabbit antibody
(1:5000, Cell Signaling Technology, USA). The bands
were measured using a chemiluminescence system (Bio-
Rad, USA) imaging system.

Tumor Xenograft in vivo

Animal experiments were approved by the Ethical
Committee for Animal Research of The Third Xiangya
Hospital, Central South University. To assess tumor
growth, 100 uL of SK-HEP-1/ADM cells (1x10°) trans-
fected with circFoxo3 overexpressed or siRNA plasmids
was subcutaneously injected into each mouse (BALB/c
nude mice, 6-week old, male, five mice per group). The
tumor sizes were measured weekly and calculated using
the formula: 0.52xLxW? where L and W are the long and
short diameter of the tumor, respectively. Tumor weights
were measured 4 weeks later.

Statistical Analysis

Each assay was performed three times. Data were pre-
sented as mean + standard error. All data were analyzed
by SPSS 20.0, P < 0.05 was considered as statistically
significant. Differences between two groups’ data were
analyzed using the Student’s -test, and difference among
three or more groups was compared by One-Way ANOVA
with post hoc Bonferroni test. Kaplan-Meier curve and
Log-rank test were used for survival analysis, and correla-
tion analysis was performed using Pearson correlation
coefficient analysis among circFoxo3, miR-199a-5p,
ABCCI.
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Results
CircFoxo3 Was Up-Regulated in HCC

Tissues and Cell Lines

A previous study has showed that circFOXO3 contains one
exon that ultimately creates a transcript of 1435 nucleotides by
back-splicing in glioblastoma cells.'* In this study, we per-
formed RT-PCR to confirm that the circRNAs were resistant
to RNase R treatment, whereas PCR products from linear
FOXO3 mRNA were disappeared after RNase R treatment.
CircRNAs could not amplify any product from genomic
DNA. (suppl. Figure 1). We then detected the expression of
circFOXO03 in 25 pairs of HCC tissues and corresponding
normal tissues and found that the expression of circFoxo3 in
HCC tissues was significantly higher than matched normal
tissues (P<0.01, Figure 1A). Moreover, the expression of
circFoxo3 was increased in metastatic tissues compared with
non-metastatic tissues (P=0.021, Figure 1B). In addition, com-
pared with ADM-sensitive HCC tissues, circFoxo3 expression
was significantly up-regulated in ADM-resistant HCC tissues
(P=0.036, Figure 1C). Kaplan—Meier curve and Log-rank test
evaluated that survival rate in patients with HCC had low
expression of circFoxo3 was longer than the patients had
high expression of circFoxo3 (P = 0.011, Figure 1D). These
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findings suggest that circFoxo3 is associated with HCC

development.

CircFoxo3 Regulates Cell Invasion and
Cell Cycle in HCC Cells

Next, we detected the expression of circFoxo3 in SK-HEP-1,
HepG2, SK-HEP-1/ADM and HepG2/ADM and HL-7702.
Compared with normal cell lines, the expression of
circFoxo3 in SK-HEP-1 and HepG2 cell lines was signifi-
cantly up-regulated. Moreover, the levels of circFoxo3 in
SK-HEP-1/ADM and HepG2/ADM cell lines were signifi-
cantly raised compared with their parental cells (Figure 2A).

The and sh-
circFoxo3 were constructed and transfected into SK-HEP
-1/ADM and HepG2/ADM cells. CirccFoxo3 was over-
expressed and knocked down in SK-HEP-1/ADM and
HepG2/ADM cells, respectively (Figure 2B). Transwell
assay demonstrated over-expressing circFoxo3 promoted
SK-HEP-1/ADM and HepG2/ADM cell migration capa-

city. However, circFoxo3 knockdown showed the opposite

circFoxo3 over-expression vector

result (Figure 2C). To evaluate the effect of circFoxo3 on
the tumor growth in vivo, we subcutaneously injected the
transfected SK-HEP-1/ADM cells into nude mice. The
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Figure | CircFoxo3 is up-regulated in hepatocellular carcinoma. (A) qRT-PCR analysis of expression levels of circFoxo3 in HCC tissues compared with matched adjacent
normal tissues. (B) The expression levels of circFoxo3 in HCC tissues with lymph node metastasis compared with those without metastasis. (C) The expression levels of
circFoxo3 in ADM-sensitive HCC tissues compared with ADM-resistant HCC tissues. (D) The survival rate was evaluated by Kaplan—Meier curve between HCC patients

with high or low circFoxo3 expression.
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Figure 2 CircFoxo3 promotes cell invasion, and growth in hepatocellular carcinoma cells. (A) qRT-PCR analysis of expression levels of circFoxo3 in four HCC cell lines (SK-
HEP-1,HepG2, SK-HEP-1/ADM and HepG2/ADM) and the normal cell line (HL-7702). *p < 0.05. (B) qRT-PCR analysis for circFoxo3 in HepG2/ADM and SK-HEP-1/ADM
cells transfected with circFoxo3 over-expression plasmid or sh-circFoxo3 plasmid. *p < 0.05. (C) Transwell assay was performed in HepG2/ADM and SK-HEP-1/ADM cells
transfected with circFoxo3 over-expression plasmid or sh-circFoxo3 plasmid. *p < 0.05. (D) BALB/c nude mice were subcutaneously injected with SK-HEP-1/ADM cells
transfected with circFoxo3 over-expression plasmid or sh-circFoxo3 plasmid. The cells transfected with pCD25-ciR or scramble were used as a control for circFoxo3 over-
expression plasmid or sh-circFoxo3 plasmid, respectively. Tumor volumes were measured every week. *p < 0.05. (E) The xenografted tumor weights were measured.
*p < 0.05.

tumor volume of the circFoxo3 over-expression group was  (Figure 2D). In addition, the average tumor weight in the
larger than the control group, whereas circFoxo3 down- circFoxo3 over-expression group was significantly higher
regulation led to a significant decrease in tumor volume than the control group, and the average tumor weight in
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the circFoxo3 knockdown group was lighter than control
(Figure 2E).

CircFoxo3 Serves as a Sponge for
Multiple miRNAs in HCC

CircRNAs severs as competitive endogenous RNAs
(ceRNA) by recruiting miRNA molecules via base-
(MRE?s),
which subsequently compete with common miRNAs,

pairing with miRNA-recognition elements
thus contributing to tumor development, metastasis, and
drug resistance.'”> We performed FISH analysis to
determine the location of circFoxo3 and found that
circFOXO03 was abundant and located in the cytoplasm
(suppl. Figure 2). Based on this finding, we further
explored whether circFOXO3 binds to miRNAs. Online
database starBase V2.0 (http://starbase.sysu.edu.cn/) could

be used to predict potential miRNA target sites on
circRNAs.'* Eleven miRNAs have potential target sites
on circFoxo3. We then used luciferase reporter gene
assay to screen the miRNAs that bind to circFoxo3 and
found that miR-199a-5p, miR-7-5p, and miR-542-3p may
target to circFoxo3 (Figure 3A). In addition, co-
transfection wild-type circFoxo3, but not mutant
circFoxo3, with miR-199a-5p, miR-7-5p, and miR-542-
3p led to a significant decrease in luciferase activity
(Figure 3B), suggesting a possible interaction between
circFoxo3 and these miRNAs. The binding site of miR-
199a in circFoxo3 is showed in supplementary Figure 4.
that
circFoxo3 could pull down miR-199a-5p (Figure 3C
and D), but could not pull down miR-7-5p and miR-542-
3p (supplementary Figure 3). Thus, we reveal that

However, pull-down assay further confirmed

circFoxo3 interacts with miR-199a-5p and focus on miR-
199a-5p for further functional experiments.

The levels of miR-199a-5p were decreased by
circFoxo3 and up-regulated by circFoxo3 knockdown in
SK-HEP-1/ADM and HepG2/ADM cells (Figure 3E). In
addition, we detected the expressions of miR-199a-5p in
25 pairs of HCC tumor tissues and adjacent normal tissues
and found that the expressions of miR-199a-5p decreased
in HCC tumor tissues (Figure 3F). Notably, miR-199a-5p
was significantly reduced in ADM-resistant HCC tumor
tissues compared with ADM-sensitive HCC tissues
(Figure 3G). Correlation analysis showed that circFoxo3
expression was negatively correlated with miR-199a-5p
(Figure 3H). In summary, circFoxo3 could directly sponge
miR-199a-5p.

CircFoxo3 Positively Regulates ABCCI

Protein Expression via Targeting
miR-199a-5p

We used online databases (TargetScan, DIANA, and
miRanda) to find potential target genes for miR-199a-5p.
ABCCI is a potential target of miR199a-5p and is closely
related to drug resistance in several cancers.'” We estab-
lished plasmids of ABCC1 WT and ABCC1 MUT and
transfected into SK-HEP-1/ADM cells. MiR-199a-5p
mimic transfection significantly decreased the luciferase
activity in co-transfected with ABCCI-WT, but not
ABCCI1-MUT, in SK-HEP-1/ADM cells (Figure 4A). We
detected the expression of ABCC1 mRNA in cirFoxo3-
overpressed or -knocked-down SK-HEP-1/ADM cells that
co-transfected with miR-199a-5p mimics or inhibitors by
qRT-PCR. The results showed that circFoxo3 induced the
expression of ABCC1 mRNA, which was inhibited by
miR-199a-5p mimics (Figure 4B). However, circFoxo3
knockdown reduced the expression of ABCC1, which up-
regulated by miR-199a-5p inhibitor (Figure 4C).

Based on the above results, we suspect that circFoxo3 may
regulate the expression of ABCCI through direct binding
miR-199a-5p to promote cell invasion. We found that miR-
199a-5p mimic could reverse the effects of circFoxo3 over-
expression on SK-HEP-1/ADM cell invasion (Figure 4D). In
addition, miR-199a-5p inhibitor could normalize the effects of
circFoxo3 knockdown on SK-HEP-1/ADM cell invasion
(Figure 4E). EMT is closely related to cancer cell metastasis
and drug resistance. In order to explore the possible mechan-
ism of circFoxo3 regulates HCC metastasis, we investigated
the markers of EMT and found that circFoxo3 overexpression
significantly decreased the expression of E-cadherin but
decreased the expression of N-cadherin and Vimentin, indicat-
ing a promotion of EMT process, which was suppressed by
miR-199a-3p mimic treatment. In contrast, miR-199a-3p inhi-
bitor treatment enhanced EMT process that was impaired by
circFoxo3 downregulation (Figure 4F). Our results further
confirmed that circFoxo3 overexpression significantly up-
regulated ABCC1 expression, which was inhibited by miR-
199a-5p mimic. In contrast, circFoxo3 downregulation
decreased ABCC1 expression, which was increased by miR-
199a-5p inhibitor (Figure 4F).

In addition, the expression of ABCC1 was detected in 25
pairs of HCC tumor tissues and adjacent normal tissues. The
expression of ABCCI increased in HCC tumor tissues com-
pared with adjected tissues (Figure 5A). Notably, ABCC1 was
significantly up-regulated in ADM-resistant HCC tumor
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screen miRNAs that were able to bind to circFoxo3. The reduction of luciferase reporter activities <0.5 was selected for further analysis. (B) Luciferase reporter assay for
the luciferase activity of circFoxo3-MUT or circFoxo3-WT in SK-HEP-1/ADM cells co-transfected with 3 miRNA mimics. *p < 0.05. (C and D) RNA pull-down assay for the
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tumor tissues and adjacent normal tissues. *p < 0.05. (G) The expression levels of miR-199a-5p in ADM-sensitive and ADM-resistant HCC tissues. *p < 0.05. (H) CircFoxo3
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tissues compared with ADM-sensitive HCC tissues modulates miR-199a-5p expression to induce EMT in HCC
(Figure 5B). Correlation analysis showed that miR-199a-5p  cells.

expression was negatively correlated with ABCC1 expression

(Figure 5C) and circFoxo3 expression was positively corre-  Discussion

lated with ABCC1 expression in HCC patients (Figure 5D). In
conclusion, these findings demonstrate that circFoxo3 contri-
butes to ADM resistance by acting as a ceRNA to negatively

At present, significant progress has been made in the treat-
ment of HCC, but it is indispensable to explore the molecular
mechanism of chemoresistance and to identify new targets
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Figure 4 CircFoxo3 regulates the expression of ABCCI via targeting miR-199a-5p in HCC cells. (A) Luciferase reporter assay for the luciferase activity of ABCCI-MUT or
ABCCI-WT in SK-HEP-1/ADM cells transfected with miR-199a-5p mimics. *p < 0.05. (B) The mRNA expression levels of ABCCI in SK-HEP-1/ADM cells transfected with
circFoxo3 or circFoxo3 plus miR-199a-5p mimics. *p < 0.05. (C) The mRNA expression levels of ABCCI in SK-HEP-1/ADM cells transfected with sh-circFoxo3 or sh-
circFoxo3 plus miR-199a-5p inhibitor. *p < 0.05. (D) Transwell assay was performed to determine the invasion ability of the SK-HEP-1/ADM cells after the transfection of
circFoxo3 or circFoxo3 plus miR-199a-5p mimics. *p < 0.05. (E) Transwell assay was performed to determine the invasion ability of the SK-HEP-1/ADM cells after the
transfection of sh-circFoxo3 or sh-circFoxo3 plus miR-199a-5p inhibitor. *p < 0.05. (F) Western blot analysis the expression levels of ABCCI, E-cadherin, vimentin and

N-cadherin in SK-HEP-1/ADM cells after indicated transfection.

for chemoresistance therapy.'® In this study, we demon-
strated that circFoxo3 is elevated in HCC metastatic tissues
and in ADM-resistant HCC tumor tissue and cell lines. In
addition, we also revealed that circFoxo3 regulated HCC cell
invasion and tumor growth through regulation of miR-199a-
Sp/ABCCI1 axis.

As new gene regulators, circRNAs are involved in
a variety of biological and pathological processes.'”
With the advances of genome research technology, it has
been recognized that circRNA is widely expressed in
human cells. The two most important characteristics of
circRNA are highly conserved and stable in mammalian
cells.?® There are many reports about the occurrence of
circRNA in the development of HCC.?'** However, the
role of circFoxo3 in liver cancer is little known. Thus, our
results suggest that circFoxo3 may be an oncogene in HCC.
Previous studies have shown that dysregulation of circFoxo3
is associated with the occurrence and development of many
diseases.”> Du WW et al demonstrated that circFoxo3 could
regulate the cancer cell cycle and promote cardiac
senescence.'' Recently, Zhang et al find that circFoxo3
knockdown reduces and circFoxo3 overexpression enhances

glioblastoma cell proliferation and invasion.'?

In this study, we found that circFoxo3 expression was
significantly increased in ADM-resistant HCC tissues and
also in SK-HEP-1/ADM and HepG2/ADM cells. However,
the mechanism in which circFoxo3 leads to ADM resistance
remains unclear in HCC. We revealed that circFoxo3 func-
tionally acts as a sponge for miR-199a-5p. Previous studies
have shown that miR-199a-5p decreases drug resistance by
regulating ATG7 in HCC cells.** MiR-199a-5p has been
reported to mediate suppression in cell proliferation and
invasion in ovarian cancer, cervical carcinoma, clear cell
renal cell carcinoma and papillary thyroid carcinoma by
directly targeting certain genes, such as PIAS3, DDR1, NF-
«B1, MAP4K3 and SNAI1.%>2® This study identified a new
target of miRNA-199a-5p, ATP Binding Cassette Subfamily
C Member 1 (ABCC1), which also named multidrug resis-
tance-associated protein 1 (MRP1). ABCCI1 led to che-
motherapy resistance in many cancers.”” More importantly,
ABCCI1 may contribute to chemotherapy resistance in HCC.
Our results showed that circFoxo3 knockdown reduces and
circFoxo3 overexpression enhances the expression of
ABCCI,
(EMT) progression. CircFoxo3 expression was negatively

promoting epithelial-mesenchymal transition

correlated with miR-199a-5p and positively correlated with
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Figure 5 The expression levels of ABCCI in HCC. (A) The protein levels of ABCCI in HCC tumor tissues and adjacent normal tissues. *p < 0.05. N, matched adjacent
normal tissues; C, cancer tissues. (B) The protein levels of ABCCI in ADM-sensitive and ADM-resistant HCC tissues. *p < 0.05. (C) miR-199a-5p expression was negatively
correlated with ABCCI expression in HCC patients. (D) CircFoxo3 expression was positively correlated with ABCCI expression in HCC patients.

ABCCI. These results suggest that circFoxo3 contributes to
HCC cell invasion through regulation of miR-199a-5p and
ABCCI.

In conclusion, our study revealed that circFoxo3
increased in ADM-resistant HCC tissues and cell lines.
CircFoxo3 knockdown reduces and circFoxo3 overexpres-
sion enhances HCC cell invasion and tumor growth through
regulation of miR-199a-5p/ABCCI axis. Our findings reveal
that circFoxo3 may be novel biomarkers and therapeutic
target for HCC treatment.
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