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Background: Circular RNAs (circRNAs) have been shown to play a crucial role in the initiation and development of Hepatocellular
carcinoma (HCC). However, the mechanism and function of circ_0007386 in HCC are still unknown.

Methods: Circ 0007386 expression level in HCC tissues, and HCC cell lines was further analyzed by qRT-PCR. Agarose gel
electrophoresis and Sanger sequencing were used to figure out the structure of circ_0007386. The involvement of circ_ 0007386 in
HCC development was evaluated by experimental investigations conducted in both laboratory settings (in vitro) and living organisms
(in vivo). RNA immunoprecipitation, Western blotting, luciferase reporter assay and fluorescence in situ hybridization (FISH) were
applied for finding out the interaction among circ 0007386, miR-507 and CCNT2. To assess the connection between circ_ 0007386
and lenvatinib resistance, lenvatinib-resistant HCC cell lines were employed.

Results: The expression of circ_ 0007386 was found to increase in HCC tissues, and it was observed to be associated with a worse
prognosis. Overexpression of circ 0007386 stimulated HCC cells proliferation, invasion, migration and the epithelial-mesenchymal
transition (EMT) while silencing of circ 0007386 resulted in the opposite effect. Mechanistic investigations revealed that
circ_0007386 acted as a competing endogenous RNA of miR-507 to prevent CCNT2 downregulation. Downregulating miR-507 or
overexpressing CCNT2 could reverse phenotypic alterations that originated from inhibiting of circ_0007386. Importantly,
circ_0007386 determines the resistance of hepatoma cells to lenvatinib treatment.

Conclusion: Circ_ 0007386 advanced HCC progression and lenvatinib resistance through the miR-507/ CCNT2 axis. Meanwhile,
circ_0007386 served as a potential biomarker and therapeutic target in HCC patients.

Keywords: hepatocellular carcinoma, circ_ 0007386, miR-507, CCNT2, Lenvatinib

Introduction
Hepatocellular cancer (HCC) is the fourth leading cause of cancer death worldwide and the second largest cause of
impaired cancer life expectancy worldwide, which emphasizes the significant disease burden of liver cancer.' The
treatment of HCC is a full-spectrum therapy modality based on aggressive resection, whereas there are no effective
molecular therapeutic targets. Despite various attempts to improve treatment choices, HCC still has a dismal prognosis.”
Therefore, research on the genetic and molecular basis of HCC development is critical.

Circular RNAs (circRNAs), noncoding RNAs (ncRNAs), are regarded as modulators of gene expression, m6A
modification and RNA binding proteins. Furthermore, current studies have demonstrated that circRNAs can behave as
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molecular sponges for miRNA regulation and interact with RNA-binding proteins to modulate transcriptional
processes.” > An increasing number of circRNAs have been linked to tumor growth, suggesting that they may play
a crucial role in the pathogenesis of many different tumor types.®® The above findings suggest that circRNAs hold
significant research potential. Nevertheless, a considerable number of circRNAs remain to be identified and investigated.

Studies have demonstrated the significance of circRNAs produced from CRIMI in a variety of carcinomas, including
bladder cancer, ovarian cancer, and nasopharyngeal carcinoma.””'' However, the function of circRNAs derived from
CRIMI in HCC has rarely been reported.'? Through database analysis, we found that circRNAs derived from CRIMI,
especially circ_0007386, show substantial expression differences in HCC and paraneoplastic tissues. Our data demon-
strate a considerable upregulation of circ_ 0007386 in HCC tissue and cell lineages and that eclevated levels of
circ_0007386 are associated with a poor prognosis in HCC patients. Furthermore, our findings indicate that
circ_0007386 plays a significant role in the progression of HCC by upregulating CCNT2 as a miR-507 sponge.
Importantly, we found that circ 0007386 can decrease the sensitivity of HCC cells to lenvatinib. Hence, the outcomes
of this investigation suggest that circ_00007386 exhibits carcinogenic properties, potentially serving as a prognostic
indicator for the advancement of HCC and the efficacy of chemotherapy.

Materials and Methods

Cell Culture and Clinical Specimens

From the Chinese Academy of Sciences Cell Bank (CASCB, Shanghai, China), we obtained all HCC cells and normal
human liver cells (HHL-5). All cells were grown in Dulbecco’s Modified Eagle medium (DMEM, Gibco, NY, USA)
containing 10% fetal bovine serum (Gibco), 50 U/mL penicillin and 50 U/mL streptomycin (Invitrogen, CA, USA). The
cells grow in moistened containers containing 5% CO2 and are used after cells enter the index growth phase.

All HCC tissue and normal liver tissue alongside cancer were obtained from patients undergoing surgical treatment at
the Hepatobiliary Center of the First Affiliated Hospital of Nanjing Medical University. All patients in the study had been
clinically diagnosed with tissue pathology, but none had any prior therapeutic interventions. Before any tissue samples
were obtained, patients gave their consent after receiving all relevant information. The study was conducted in
accordance with the Declaration of Helsinki, and approved by the Ethics Committee of the First Affiliated Hospital of
Nanjing Medical University (2022-SRFA-221).
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Generation of Lenvatinib-resistant Cells

MHCC97H and Hep3B were exposed to graded drug concentrations (5 mol/L to 25 mol/L) to generate lenvatinib
resistance. The establishment of two HCC cell lines resistant to lenvatinib was achieved during a four-month induction
period.

Quantitative RT-PCR Analysis (QRT-PCR)

All RNA was extracted from the cells by TRIzol reagent (Invitrogen) and quantified using a NanoDrop ND-1000. To
perform qRT-PCR, the RNA was reverted to cDNA using a reverse transcription kit (Vazyme, Nanjing, China). We used
AceQ gPCR SYBR Green Master Mix (Vazyme) and an ABI 7900 PCR system (Applied Biosystems, CA, USA) for
real-time quantitative PCR analysis. Glycol-aldehyde-3-phosphate dehydrase (GAPDH) is an inherent contrast between
circRNA and mRNA, while U6 is the intrinsic contrast of miRNA. The primers used in this study are included in the
Supplementary Information (Table S1).

Cell Transfection

Before transfection, MHCC97H and Hep3B cells were incubated in a 6-well plate and cultivated to 60—70% confluence.
We transfected the cells with Lipofectamine 3000 (Invitrogen) according to the manufacturer’s instructions. CircRNA
(hsa_circ_0007386) overexpressing plasmid (p-circRNA) and small interfering RNA (siRNA) targeting circ_0007386,
miR-507 mimic and inhibitor, overexpressed plasma CCNT2 and Si-CCNT2 as well as nonspecific negative control
oligonucleotides (si-control), and negative control (NC) were purchased from RIBOBIO (Guangzhou, China). The
lentivirus targeting hsa_circ_0007386 was purchased from GeneChem (Shanghai, China).

RNase R and Actinomycin D Assays
Total RNA (2 g/group) was extracted from cells and treated for 30 minutes at 37 °C with 3 U/g RNase R (Epicenter
Technologies, Madison, WI, USA). It was purified using a RNeasy MinElute Cleaning Kit (Qiagen, Germantown, MD,
USA). Following that, the quantity of Circ_0007386 and GAPDH mRNA was determined using qRT-PCR.

Cells were treated with 5 g/mL actinomycin D (Sigma Aldrich, St. Louis, MO, USA) to inhibit gene transcription.
The cells were then taken at indicated time points (0, 4, 8, 12, and 24 hours) and total RNA was extracted. qRTPCR was
used to determine the relative expression levels of circ_0007386 and CRIMI, as well as their half-lives.

Cell Counting Kit-8 Proliferation Assay

The cells were distributed onto 96-well plates, with each well containing 1000 cells suspended in 100 pL of the medium.
After 1, 2, 3, 4, and 5 days, 10uL of CCKS solution (TransGene, Beijing, China) was added to each well. The plate was
incubated for 2 hours at a temperature of 37 degrees Celsius. Finally, it was analyzed using a spectrophotometer (Thermo
Scientific, Pittsburgh, PA, USA) set to a wavelength of 450 nm.

Colony Formation

Approximately 500 cells were seeded into each well of a 6-well plate. After two weeks, we cleaned each well with
phosphate-buffered saline (PBS) and fixed the cells with 4% paraformaldehyde. After that, cells were stained with crystal
violet (Beyotime, Shanghai, China). Colonies were counted visually.

Transwell Migration and Invasion Assay

About 3x10* cells were planted on the upper chamber after being suspended in 300ul FBS-free medium for the migration
assay. The lower chamber received 600ul of medium containing 10% FBS. The cells were treated with a 4% paraf-
ormaldehyde solution for fixation and subsequently stained with crystal violet following an incubation period of about 48
hours. Cotton swabs were used to scrape off the upper layer of cells. Then we recorded the results using a microscope on
the chambers. In cell invasion assay, the upper layer was covered with Matrigel matrix (BD Biosciences, Franklin Lakes,
NJ, USA). The subsequent procedures were identical to those employed in the cell migration assay.
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Edu Assay

An EdU kit (Beyotime) was used for the proliferation assay. In brief, 10,000 cells were seeded into each well of a 96-well
plate, cultivated for 12 hours, and then treated with EdU for 2 hours. According to the protocol, 300 uL of Apollo dyeing
solution was added to each well. Each well had 300 puL of a 1:100 dilution of Hoechst reaction solution in deionized

water added to it. Images were taken with a fluorescence microscope.

Wound Healing Assay

When the cell confluence reached 90%, a 200 uL pipette was used to draw a vertical line along the center of the plate.
The cells grew in a medium devoid of FBS. At 0 hours, 24 hours, and 48 hours, the identical areas of cell migration were
photographed.

Agarose Gel Electrophoresis

We amplified cDNA and gDNA from HCC cell lines using Circ_ 0007386 primers that were divergent and convergent
(RiboBio, Guangzhou, China). Then we collected the amplified products. The amplified products were electrophoresed in
an agarose gel with 1% agarose solution (Beyotime), and the band location was examined under ultraviolet light.

Fluorescence in situ Hybridization (FISH)

Briefly, after prehybridization at 55 °C for 2 h, cells were hybridized with a specific Cy3-labeled circ_0007386 probe and
18S probe, and U6 probe (RiboBio) at 37 °C overnight and dyed with 4', 6-diamidino-2-phenylindole (DAPI). Images
were taken with a confocal laser microscope.

Immunofluorescence

HCC cells cultivated on cell climbing pieces underwent two rounds of rinsing with PBS and subsequently fixed with
a 4% solution of paraformaldehyde for 15 minutes. After washing the cells with PBS, Triton was added and left on ice for
10 minutes to lyse the cells. The cells were then blocked with goat serum for 30 minutes at 37 °C, and treated overnight
at 4 °C with primary anti-E-cadherin (Proteintech), anti-N-cadherin (Proteintech), and anti-Vimentin (Servicebio)
antibodies. After washing with PBS, the cells were incubated with the corresponding secondary antibody for 45 min
at room temperature. Then, DAPI (Beyotime) was used to stain the nuclei of the cells. A confocal microscope was used
to take pictures of fluorescence images.

Dual-Luciferase Reporter Assay

The binding sites between Circ_0007386 and miR-507 were predicted by the Circinteractome database and the binding sites of
miR-507 and the CCNT2 3°’UTR were predicted by the TargetScan database. Wild-type (WT) and mutant-type (MUT)
particles were designed. HEK-293T cells were spread 24 hours in advance with 5x10* per well into 24 well cell culture plates.
Transfection reagents were used to cotransfect wild-type or mutant vectors with miRNA mimics/NC into cells. Meanwhile we
added Sng of sea kidney luciferase vector to the Petri plate. After 24 hours, we discarded the waste, added 150 pL of potassium
clotting solution (PLB) to the Petri plate, and incubated the plate on ice for 20 min. Luciferase activity was measured and
quantified using a dual luciferase reporter gene assay system (Promega, Madison, WI, USA).

Tumor Xenografts and Pulmonary Metastasis in Mice

From the Model Animal Research Center of Nanjing Medical University (NJMU), we obtained four-week-old male
BALB/c nude mice. These mice were randomly divided into four different groups of six each. Two of these groups were
subcutaneously infected with MHCC97H cells infected with sh-circ_ 0007386 or sh-NC, while the other two groups were
subcutaneously infected with Hep3B cells transfected with Lv-circ_0007386 or Lv-NC. Lentivirus transfected cells were
suspended in PBS at a cell density of 1x10%/mL; 100 pL of cell suspension was injected under the skin of each mouse’s
upper-left femur; we recorded the volume of the subcutaneous tumor every 3 days. Volume (mm?) = 0.5 x lengthx width?.
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After thirty days, we euthanized the mice, removed their subcutaneous tumors, measured their size and mass, and took
photographs of them.

Transfected cells were injected into the tail vein of other mice which were randomly separated into four groups to
establish a lung metastasis model. After six weeks, we euthanized nude mice, removed lung tissue to count tumors, and
took photographs.

All experiments were repeated three times. Some of the tumors were then preserved in formaldehyde for subsequent
immunohistochemistry and hematoxylin and eosin (H&E) staining. The animal study protocol was approved by
Institutional Animal Care and Use Committee of the First Affiliated Hospital of Nanjing Medical University (IACUC-
2305004).

RNA Immunoprecipitation (RIP)

To investigate whether circ_0007386 and miR-507 bind to the Ag2 protein, we first incubated cell lysates at 4 °C with
magnetic beads attached to Ago2 antibody or IgG, and then repeated incubations with proteinase K to remove the
protein. Finally, the RNA was extracted for RT-PCR analysis.

Western Blotting

Proteins were extracted utilizing RIPA buffer (Beyotime) supplemented with protease inhibitors. In accordance with the
protocol, the extracted protein was first separated by 10% SDS-PAGE and subsequently transferred onto a polyvinylidene
fluoride membrane (Merck Millipore, Burlington, MA, USA). After incubating the membranes with the primary
antibodies at 4 °C overnight, they were blocked with rapid blocking buffer (Beyotime) for 50 minutes. Following
a 2 hour incubation with the corresponding secondary antibodies and three 10-minute washes in Tris-buffered saline +
Tween (TBST), the protein content was visualized with Image Lab software (Bio-Rad, Hercules, CA, USA) and
a hypersensitive ECL exposure solution. The primary antibodies used in this experiment were as follows: GAPDH
(Proteintech, Wuhan, China), E-cadherin (Proteintech), N-cadherin (Proteintech), vimentin (Servicebio), and CCNT2
(Bioss, Beijing).

Pull-Down Assay with Biotinylated miRNA

The probe was designed to bind to the junction area of circ_0007386. After cells were lysed, 3 mg of biotinylated probes
was incubated with pyrolysis products at room temperature for 2 hours. Then the mixture was incubated with 50 mL
streptavidin-conjugated magnetic beads at RT for 4 h. The RNA was extracted by adding TRIzol LS (Invitrogen, Thermo,
USA) following several cycles of washing beads. The RNA was reverse-transcribed using a miRNA First-Strand
Synthesis kit (Clontech, Takara, Japan) and analyzed by qRT-PCR analysis.

Statistical Analysis

All data are expressed as the mean + standard difference (SD) and p < 0.05 is considered significant. GraphPad Prism
software v8.0 (GraphPad, San Diego, CA, USA) was used to perform statistical analysis. If the differences between the
groups followed a normal distribution, the Student’s #-test was applied to make comparisons; otherwise, the Mann—
Whitney U-test was utilized. One-way analysis of variance was performed to compare three groups. For survival
analysis, the KM method (Log rank test) was performed for univariate analysis, and the stepwise Cox multivariate
proportional hazard regression model (Forward LR, likelihood ratio) was executed for multivariate analysis. Correlations
were tested by Spearman correlation test.

Results
Circ_0007386 is Highly Expressed in HCC

Primers for eight CRIM1-derived circRNAs were created to learn more about their function in HCC. qRT-PCR analysis
of circRNAs derived from CRIMI1 in 10 pairs of HCC and paracarcinoma tissues revealed that circ 0007386 and
circ_0002346 are upregulated in HCC (Figure 1A and B). We then separately evaluated the expression of circ_ 0007386
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Figure | Hsa_circ_0007386 is highly expressed in HCC tissues compared to other circRNAs derived from CRIMI. (A-B) The expression of 8 CRIMI-derived circRNAs in
10 pairs of HCC and para carcinoma tissues were detected by qRT-PCR. (C) The relative expression level of hsa_circ_0007386 in HCC tissues and matched para-cancer
tissues (n = 80) was measured using qRT-PCR. (D) Kaplan—Meier survival curves of HCC patients with low and high hsa_circ_0007386 expression. (E) The fold change of
hsa_circ_0007386 expression between HCC and paratumor tissues. (F) Expression of circ_0007386 in various cell lines. Data were all showed as mean * SD; ns indicated

no significance, *p <0 0.05, **p < 0.01, ***p < 0.001.

and circ_0002346 in 80 pairs of HCC and paracarcinoma tissues and found that circ 0007386 expression was
significantly elevated in HCC (Figure 1C and D, Figure S1A). To assess the clinical significance of circ_0007386, the
cohort of 80 HCC patients was divided into two groups based on the median level of circ_0007386 expression (Table 1).
Our data suggested that the expression of circ_0007386 exhibited a positive correlation with tumor volume, TNM stage,

and vascular invasion in patients with HCC, as evaluated via clinicopathological examination; however, no statistical
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Table | Relationship Between Circ_0007386 Expression Level in HCC Tissues and
Clinical Parameters of Patients

Clinical Parameters total Circ_0007386 P value
High Group Low Group

Age (years) >60 48 26 22 0.4327
<60 32 16 16

Gender male 43 22 21 0.4815
female 37 20 17

Tumor size (cm) <5 49 26 23 0.0014
>5 31 23 8

TNM stage | 48 25 23 0.0032
111 32 23 9

Vascular invasion Yes 45 24 21 0.0007
No 35 26 9

AFP (ng/mL) <400 31 18 13 0.0572
2400 49 22 27

HBsAg Negative 17 7 10 0.1035
Positive 63 35 28

Abbreviations: AFP, alpha fetoprotein; HBsAg, hepatitis B surface antigen.

significance for age, sex, AFP or HBsAg was observed. The Kaplan—Meier analysis of survival revealed that patients
with higher levels of circ_ 0007386 had a shorter overall survival time (Figure 1E). Finally, qRT-PCR was employed to
validate the higher expression of circ_ 0007386 in HCC cells than in normal liver cells (HHL-5) (Figure 1F).

Confirmation of Circ_0007386 Characteristics

Circ_0007386 is derived from exons 3—4 of the CRIM1 gene. (Figure 2A) The backsplicing locations of circ_0007386
were validated by Sanger sequencing, which also differentiated circ_0007386 from a lariat RNA.(Figure 2B) In addition,
divergent primers and convergent primers were designed to amplify circ_0007386 linear mRNA and circ_0007386 from
HCC cells using cDNA and genomic DNA (gDNA). Agarose gel electrophoresis showed that circ 0007386 linear
mRNA could be detected in both cDNA and gDNA, while circ 0007386 could be detected in only cDNA and not in
gDNA (Figure 2C). RNase R and actinomycin D treatment assays were performed to validate that circ 0007386 had
higher stability than linear CRIM1 mRNA (Figure 2D and E). Because circRNAs play different roles in different parts of
the cell, we conducted nucleoplasmic separation experiments and a FISH assay to validate that circ_ 0007386 is mostly
localized in the cytoplasm before making any predictions about its function. (Figure 2F and G)

Circ_0007386 Promoted the Proliferation, Migration and Invasion of HCC Cells

To ensure that circ_0007386 is involved in the proliferation of HCC, a series of functional assays was conducted on the
HCC cell line. Initially, the expression of circ 0007386 was inhibited in MHCC97H cells and upregulated in Hep3B cells
through lentiviral transfection. Since the expression of circ_0007386 in MHCC97H was the highest, while that of Hep3B
was the lowest. The efficacy of transfection was evaluated through the utilization of PCR (Figures 3A and S1B). To
examine the proliferation of cells, our study employed various experimental techniques, including CCK-8, EdU, and
colony formation assays (Figures 3B, C and S1C). The results demonstrated that circ_ 0007386 knockdown substantially
inhibited the proliferation of MHCC97H cells, but opposite findings were observed in Hep3B cells overexpressing
circ_0007386. Wound-healing and transwell experiments were carried out to further examine the effect of circ_0007386
on HCC cell invasion and migration. (Figures 3D and S1D) Investigations showed that circ_0007386 overexpression
considerably increased the ability of HCC cells to migrate and invade, while circ 0007386 inhibition significantly

decreased these capacities. These results demonstrated that circ_ 0007386 increases the proliferation and motility of HCC
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cells. Western blotting and immunofluorescence indicated that circ_0007386 promotes epithelial-mesenchymal transfor-
mation (EMT) in HCC (Figure 3E).

Circ_0007386 Promotes the Proliferation and Metastasis of HCC Cells in vivo

To assess the impact of circ 0007386 on the proliferation and metastasis of HCC in vivo, we designed a subcutaneous
tumor model and a lung metastatic model. Tumor volume and weight in the subcutaneous tumor model were significantly
reduced in the si-circ_ 0007386 group but increased in the overexpression group. (Figure 4A) The immunohistochemical
staining results demonstrated decreased expression levels of Ki-67, N-cadherin, and vimentin in the circ 0007386
knockdown group. Conversely, elevated levels of E-cadherin were observed in this group. In contrast, the
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circ_0007386 overexpression group exhibited the opposite result (Figure 4B). In the metastasis model, the down-
regulation of circ_0007386 led to a reduction in the number and size of lung metastases, whereas the upregulation of
circ_0007386 resulted in the opposite trend. (Figure 4C) This evidence indicates that circ_0007386 promoted HCC cell
growth and metastasis in vivo.

Circ_0007386 Induces HCC Progression in a miR-507-Dependent Manner
Considering that circRNAs primarily act as sponges of miRNAs in the cytoplasm,'*'* we then predicted the possible
circ_0007386-related miRNAs by two online databases (circBank and CircInteractome). As shown in Figure 5A, miR-
507 and miR-567 were the potential targets of hsa-circ_0007386. Based on the PCR results, the expression of miR-507 in
HCC tissues was lower than that in paracancerous tissues (Figure 5B) and was negatively correlated with circ_0007386
expression (Figure 5D). In a similar manner, the expression of miR-507 in HCC cells is lower than that in HHL-5 cells
(Figure 5C). A higher level of circ_ 0007386 caused a lower level of miR-507 expression in Hep3B cells, while a lower
level of circ_ 0007386 caused a higher level of miR-507 expression in MHCC97H cells (Figure 5E). A pull-down assay
demonstrated that miR-507 could be pulled down by the circ0007386 probe (Figure 5F). The results from RNA

immunoprecipitation (RIP) analysis using the AGO2 antibody showed that circ 0007386 and miR-507 were highly
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enriched, indicating that circ_0007386 may have miRNA-related functions (Figure 5G). CircInteractome was employed
to predict the binding sites between circ_0007386 and miR-507, and wild-type and mutant circ_0007386 vectors were
constructed (Figure 5H). Subsequently, luciferase experiments were conducted to verify the binding affinity of the
miRNA towards circ_0007386. HCC cells were transfected with a miR-507 mimic alongside wild-type and mutant
circ_0007386 vectors with luciferase. After miR-507 overexpression, the luciferase activity of wild-type vectors was
shown to be drastically decreased by approximately 50% (Figure 5I). MiR-567 does not exhibit any comparable impact
(Figure S2A—C). Therefore, we conclude that miR-507 is a target miRNA of circ_0007386.

CCNT2 is a Direct Target of miR-507 and is Indirectly Regulated by Circ_0007386

In addition, we applied the miRDB, miRDIP, TargetScan, and miRTarBase databases to investigate the potential downstream
targets of miR-507. The probable target gene of miR-507 was predicted to be Cyclin T2 (CCNT2) (Figures 6A and S3A-C).
As circ_0007386 might stimulate tumor proliferation via CCNT2, we further analyzed CCNT2 expression in clinical samples.

A B hk C R=-0.2640
I 1 5- P=0.0012
59 . . . n=80
BCL7A
AKAP1 4 s

JAZF1
ARHGEF3
ZBTBS
UNKL
GTF2H1
CLOCK
cBX4
PTPRM
BACH2
KPNA3

Relative expression of CCNT2

egee’s
eeeless S0

Relative expression of CCNT2

T
HCC(n=80) Normal(n=80) Relative expression of miR-507

O
m
-

2.0 ok

»
(3]
]
*
*
*

1.5

1.0 j

0.5-]

0.0- rl T
S

CCNT2 | S e q 80kDa CCNT2 80kDa

G GAPDHI.... 36kDa GAPDH | (NEDEEDE | 361D-

El mimics-NC

Relative expression of CCNT2

o o -
o 3, (=]
1 1 1

Relative expression of CCNT2
Relative expression of CCNT2
o 5
1 1

0 1 2 3 4 5
Relative expression of circ_0007386

©
- . O . O < G A0 N o0
1.5 = miR-507 P g & (N o é\,é@g\ < 6\“"%
N O & O
.‘? Sk NS 6\\ 6“1 ‘{\v '\'\(\ o 6\‘0/ o .‘0/
£ 104 Co S & &
8 1.0 ‘(\ ((\\
Q
§ CCNT2WT 5--UAUGAAAUUCCACAUGUGCAAAG-3'
(]
= 0.57 AREREN
3 miR-507 3--AAGUGAGGUUUUCCACGUUUU-5’
0.0-
CCNT2WT CCNT2 MUT CCNT2 MUT 5--UAUGAAAUUCCACAUCACGUUUG-3'

Figure 6 CCNT2 is a direct target of miR-507 in HCC. (A) Overlapped target genes of miR-507 predicted by miRDIP, TargetScan, miRDB and miRTarBase. (B) CCNT2
expression in HCC tissues compared to matched normal tissues (n = 80). (C—D) Spearman correlation analysis of miR-507 with CCNT2, and circ_0007386 with CCNT2 in
HCC tissues. (E-F) CCNT2 were tested by Western blot in HCC cells after knockdown or overexpression of mir-507 and circ_0007386. (G) Relative luciferase activity
were measured after co-transfection with CCNT2 3'UTR-WT or CCNT2 3'UTR-MUT and miR-507 mimics or mimics NC. Data were all showed as mean * SD; ns indicated
no significance, ***p < 0.001.

1106 "= Journal of Hepatocellular Carcinoma 2024:1 1
Dove!


https://www.dovepress.com/get_supplementary_file.php?f=459633.docx
https://www.dovepress.com/get_supplementary_file.php?f=459633.docx
https://www.dovepress.com/get_supplementary_file.php?f=459633.docx
https://www.dovepress.com/get_supplementary_file.php?f=459633.docx
https://www.dovepress.com
https://www.dovepress.com

Dove Feng et al

High expression of CCNT2 was observed in HCC tissues compared to paracancerous tissues, and was associated with elevated
levels of circ 0007386 and reduced expression of miR-507(Figure 6B-D). The results of Western blotting demonstrated that
the overexpression of miR-507 led to a considerable decrease in the protein levels of CCNT2. In a similar manner, the
depletion of circ_0007386 significantly repressed CCNT2 expression. On the other hand, the overexpression of circ_ 0007386
led to a substantial increase in the expression of CCNT2 (Figure 6E and F). To validate these results, we generated a luciferase
reporter vector containing the wild type or mutant CCNT2 3’ UTR binding site for miR-507. The luciferase activities of the
wild-type CCNT2 3” UTR reporter were markedly diminished in hepatocellular carcinoma (HCC) cells that were transfected
with the miR-507 mimic. Nonetheless, there was no substantial disparity observed in luciferase activity when the miR-507
mimic was cotransfected with the mutant CCNT2 3’ UTR reporter (Figure 6G). These data indicate that CCNT2 can be
regulated by miR-507 and circ_0007386.

Circ_0007386 Promoted HCC Progression Through the miR-507/CCNT2 Axis

To further explore the role of the circ_0007386/miR-507/CCNT?2 axis in the development of HCC, we conducted a series
of cellular functional experiments, such as the CCK-8 assay, colony formation and EdU assays, as well as Transwell and
wound healing assays (Figures 7A-D and S4A). We observed that miR-507 knockdown could significantly restore the
suppressive effects of circ_ 0007386 downregulation on HCC cell migratory and proliferation abilities, similar to CCNT2
overexpression. Furthermore, miR-507 suppression and CCNT2 overexpression significantly reversed the downregula-
tion of CCNT2 expression and EMT induced by circ_0007386 downregulation (Figure S4B). These results indicate that
circ_0007386 controls the expression of CCNT2 and promotes the migration and proliferation of HCC cells via miR-507.

Circ_0007386 Determines Lenvatinib Response in HCC

Two lenvatinib-resistant HCC cell lines, namely MHCC97H-LR and Hep-3B-LR, were generated to examine the
potential role of circ_0007386 in the mediation of lenvatinib resistance in HCC. The IC50 values of the two lenvatinib-
resistant cell lines are notably larger compared to their respective parental cell lines. (Figure 8A). Following that, we used
gqRT-PCR to validate the constant upregulation of circ 0007386 in the two lenvatinib-resistant cell lines compared to
their respective parental cell lines (Figure 8B). To examine the associations between circ_0007386 and the development
of lenvatinib resistance in HCC, we proceeded to suppress the expression of circ_ 0007386 in MHCC97H-LR and Hep-
3B-LR cells. Subsequently, we confirmed the effectiveness of the knockdown procedure (Figure 8C). CCK-8 and colony
formation assay revealed that circ 0007386 knockdown significantly enhanced the lenvatinib sensitivity of the two
lenvatinib-resistant HCC cell lines (Figure 8D and E). Collectively, these data suggested a potential mechanistic
correlation between circ_0007386 and resistance to lenvatinib in HCC.

Discussion
According to previous reports, circRNAs /miRNAs axis have received much attention for their role in the diagnosis,
tumor microenvironment, treatment and drug resistance of HCC.'>"'® Huang et al'’ showed that circMET is an onco-
circRNA that induces HCC development and immune tolerance via the Snail/DPP4/CXCL10 axis. Fu et al'® reported
that microRNA-223 attenuates hepatocarcinogenesis by blocking hypoxia-driven angiogenesis and immunosuppression.
CircRNAs derived from CRIM1 have different roles in multiple tumors; for instance, one of them functions as a ceRNA
to promote nasopharyngeal carcinoma metastasis and docetaxel chemoresistance.” In another report, circ 0002346
inhibited tumor immune evasion through a competitive combination with IGF2BP1 to mediate non-small cell lung
cancer immune evasion.'® Even in HCC, circCRIM1 (hsa_circ_0002346) has been reported to be a ceRNA that promotes
HCC proliferation and angiogenesis.'” In general, CRIM1-derived circRNAs play an important role in cancers, and some
have even become therapeutic targets or prognostic factors; however, their roles in HCC have not been fully elucidated.
In this investigation, we showed the important roles and mechanisms of circ_ 0007386 in the development of HCC and
stress its prognostic and therapeutic value in the metastasis and progression of HCC.

CircRNAs are an abundant family of mainly noncoding RNA molecules that have evolved over the past decade. Numerous
circRNAs play critical roles in cancer formation and progression via a wide variety of methods. Initially, it was discovered that
circRNA can regulate the production of its linear RNA counterpart competitively. Recent studies have also revealed other
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capabilities of circRNAs: some circRNAs bind to microRNAs, others are translated, and it has been demonstrated that
circRNAs regulate the immune system. Furthermore, circular RNAs (circRNAs) have significant promise as biomarkers for
prognosis, diagnosis, and recurrence, as evidenced by their detectability in liquid biopsy specimens, including plasma
and saliva. However, only a few circRNAs have been identified, and their involvement in HCC is mainly unclear.”* %

In this study, we revealed that circ 0007386 is upregulated in HCC tissues and cell lines. The findings from
functional assays provided evidence supporting the notion that increased expression of circ 0007386 facilitated the
metastasis of HCC cells and promoted their proliferation. Subsequently, we investigated the fundamental mechanism and
clinical significance of circ_0007386 in HCC.

CircRNAs have been demonstrated to act as ceRNAs for miRNAs and then regulate downstream target genes
competitively. Recent studies have indicated that some circRNAs can modulate carcinogenesis and cancer development
in a ceRNA manner.”> % In our research, circ_0007386, with stable and high cytoplasmic expression is the promising
ceRNA in HCC cells. Additional experiments demonstrated that circ 0007386 can directly bind to and inhibit the activity
of miR-507. According to previous research, miR-507 may serve as a tumor inhibitor in various cancers, including non-
small cell lung cancer, breast cancer and gastric carcinoma;?®® nonetheless, its role in HCC must be clarified.

Cyclin T2 (CCNT?2) is a conserved cyclin family member with a notable periodicity in protein abundance across the
cell cycle. In a previous study, CCNT2 was linked to cell proliferation and the advancement of various carcinomas,
including HCC and laryngeal papilloma.>**° It is known that some miRNAs regulate gene expression by binding directly
to the 3' UTR of target mRNAs, resulting in mRNA degradation or translation inhibition. In the current research,
circ_0007386 prevented miR-507 from inhibiting CCNT2 expression. In practice, CCNT2 overexpression reversed the
si-circ_0007386-mediated inhibition of HCC cell migration and EMT. Consequently, the circ_0007386/miR-507/CCNT2
axis may be a key regulator in the development of HCC.

Since its approval in 2018, lenvatinib has been used for the treatment of HCC. Nevertheless, the effectiveness of
lenvatinib is impeded by the emergence of drug resistance, which poses a substantial obstacle. Consequently, it is essential
to comprehend the precise mechanisms underlying chemoresistance. Available research suggests that circRNAs are crucial
in resistance to lenvatinib.*' > Since Hong et al demonstrate that circCRIM1 functions as a ceRNA to promote
nasopharyngeal docetaxel chemoresistance;’ Shinsuke Yamamoto et al** showed that their in vitro analysis revealed that
the transfection of miR-507 led to an increase in the sensitivity of cell-growth suppression with cisplatin (CDDP) in A549
cells; Xu et al®®> demonstrated that CCNT2-AS1 and SNHG1/ has-miR-204-5p/STIL axis were more sensitive to the
gemcitabine, doxorubicin, while more resistant to the sorafenib and sunitinib. We consider that the circ_0007386/miR-507/
CCNT2 axis is related to HCC chemosensitivity. As speculated, the expression of circ 0007386 is higher in lenvatinib-
resistant cell lines compared to their parental cells. Furthermore, the knockdown of circ_ 0007386 enhanced the sensitivity
to lenvatinib, suggesting that circ 0007386 plays a crucial role in the development of lenvatinib resistance.

Conclusions

In conclusion, our research shows that circ 0007386 competitively sponges miR-507 to inhibit the suppression effect of
miR-507 on CCNT2 and then contributes to HCC cell proliferation, metastasis, EMT and lenvatinib resistance. These
results offer new perspectives on comprehending the advancement and treatment of HCC, as well as viable prognostic
and therapeutic approaches for individuals diagnosed with HCC.
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