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Prostate cancer (PCa) belongs to a prevailing neoplasm globally. Circular RNAs (circRNAs) are critical regu-
lators in various tumors, but the role of circRNAs in PCa is obscure. In this research, a circRNA derived from
the TADA2A gene (hsa_circ_0006220) was high-expressed in PCa tissues along with cell lines. Elevated
Circ-0006220 expression was also related to PCa poor prognosis. Besides, circ-0006220 accelerated PCa cells
malignant behaviors in vitro; it also promoted PCa tumor growth together with metastasis in vivo. Moreover,
circ-0006220 competed with the Cell Division Cycle Associated 7 (CDCA7) for binding to miR-520f-3p.
Circ-0006220 sponged miR-520f-3p to regulate CDCA7 expression, thereby promoting PCa cell proliferation,
migration, invasion, along with metastasis. All above data suggested that circ-0006220 may be a worthy target

for PCa therapeutics.
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1. Introduction

Prostate cancer (PCa) ranks the second most frequent
kind of cancer globally, along with about one million per
annum [1, 2]. As the global population grows and ages, by
2030, the annual incidence and death rates of PCa are ex-
pected to exceed 1.5 million and 499,000, respectively [3].
Hence, it is necessary to probe diagnostic and prognostic
biomarkers in PCa.

Circular RNAs (circRNAs) are a class of single-
stranded RNAs with their 30 and 50 ends covalently lin-
ked into a loop [4, 5]. Previous literatures have unveiled
that a variety of circRNAs contribute to pathological pro-
cess of PCa [6-8]. Circ-0006220 is a novel circRNA, and
its location was mapped to chrl7: 35800605-35800763
and formed by TADA2A; It was recently shown that circ-
TADAZ2A is explicitly over-expressed in PCa [9]; never-
theless, its biological potential has not been defined.

Cell division cycle-associated protein 7 (CDCA7), its
location is on chromosome 2q31, and it can encode a nu-
clear protein including 371 amino acids [10]. CDCA7 was
first identified in Myc-transfected fibroblasts and is up-re-
gulated in multiple human cancers [11]. Besides, CDCA7
is a c-Myc-responsive gene that engages in cancer tumo-
rigenesis [10]. In addition, many reports have shown that
CDCAT7 is highly expressed in many cancers [11-16].

Recently, reports have shown that CDCA7 is aberrantly
upregulated in PCa, proposing the potentiality of being a
novel marker for PCa diagnosis and prognosis [17, 18].

Previous reports demonstrated that miRNA-30a and
30d inhibit non-small cell lung cancer via CDCA7 [19]
and that miR-30a and d regulate CDCA?7 to enhance puta-
tive resistance to pemetrexed therapy [20]. MiR-520f has
been documented to be engaged in regulating cancer pro-
gression [21-23]; it has been found to be low-expressed
in PCa [24], and its expression is promoted in response to
radiation therapy of PCa patients [25-27]. All above fin-
dings strongly mirror the vital role of circ-0006220, miR-
520f, and CDCA7. Therefore, our research aimed to scru-
tinize the latent mechanism of circTADA2A concerning
the miR-520f/CDCA?7 axis.

2. Materials and methods
2.1. Patients’ samples

From March 2020 to May 2022 through surgery, PCa
as well as paired normal tissue samples from 37 patients
were gathered before the procedure for the study. All pa-
tients provided informed consent, and the study was ap-
proved by the Institutional Review Board of Ganyu Dis-
trict People's Hospital of Lianyungang City.
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2.2. Cell culture

Procell (Wuhan, China) provided human PCa cell lines
(PC-3, DU 145, 22RV1, as well as VCaP) together with
normal human prostate epithelial cells (RWPE-1). DMEM
(#PM150210B, Procell) was adopted for culturing VCaP
and DU 145 cells. 22RV1 cells were cultivated in RPMI-
1640 medium (#PM150145, Procell). PC-3 cells were
cultivated in F-12 medium (#PM150810B, Procell). All
cell mediums were added with 10% FBS and grown at
37°C in 5% CO, atmosphere.

2.3. Cell transfection

Experiments were implemented in triplicate. PLKO.1-
puro together with pLVX-EFla plasmid vectors were
provided by HonorGene (Changsha, China). A shRNA
construct targeting circ-0006220 and the corresponding
negative control were cloned into PLKO.I-puro. The
sequences encoding circ-0006220, CDCA7, along with
negative control were cloned into pLVX-EF1la. The miR-
520f-3p mimics together with miR-520f-3p inhibitor were
provided by RIBOBIO (Guangzhou, China). Plasmids
transfection was implemented using Lipofectamine 3000
(#L3000008, Solarbio).

2.4. RNA extraction and qRT-PCR

PCa cells were harvested by centrifugation at 4°C,
and the total RNA was extracted at room temperature
(20-25°C) wusing TRIzol reagent (#15596026, Invi-
trogen). Subsequently, cDNA was generated by means
of the OneStep PrimeScript R miRNA cDNA Synthesis
Kit (#D350A, Takara, China). The RT analysis of gene
expression was utilized using SYBR Green I fluorescence
method for PCR detection. The utilized primer sequences
are as follows: E-cadherin, F-5-GCTGGACCGAGA-
GAGTTTCC-3’, R-5-CAAAATCCAAGCCCGTGG-
TG-3’; Vimentin, F-5’-CGGGAGAAATTGCAGGAG-
GA-3’,R-5’-AAGGTCAAGACGTGCCAGAG-3’; Snail,
F-5’-TCGGAAGCCTAACTACAGCGA-3’, R-5-AGA-
TGAGCATTGGCAGCGAG-3’;  circ-0006220, F-5’-
CCCTGCTGAACCTGAAAC-3’, R-5’- CACTCCTCCT-
TGGTCTTG-3’; miR-520f-3p, F-5’-GTGCTTCCTTT-
TAGAGGG-3’, R-5’-GAACATGTCTGCGTATCTC-3’;
CDCA7, F-5’-GGGTGGCGATGAAGTTTCCA-3’,
R-5’-GGGGATGTCTTCCACGGAAC-3’; B-actin,
F- 5’-CTCGCCTTTGCCGATCC-3’, R-5’-TTCTCCA-
TGTCGTCCCAGTT-3". 2724t method was implemented
to determine gene expression in each sample. Experiments
were implemented three times.

2.5. RNase R digestion

Experiments were implemented three times. Three
units of RNase R (#R7092L, Beyotime, Shanghai, China)
per 1 mg circ-0006220 were added for 15 min. qRT-PCR
was implemented to test circ-0006220 levels normalized
to B-actin.

2.6. Western blot

Experiments were implemented three times. Separa-
tion of protein samples was implemented by polyacryla-
mide gel electrophoresis and then shifted onto PVDF
membranes, and then sealed in 5% non-fat milk for one
hour, and then treated with primary antibodies containing
CDCA7, E-cadherin, Snail, as well as vimentin (all from
Abcam, Shanghai, China) at 4°C overnight. Afterwards,

membranes were washed thrice and then treated with goat
anti-rabbit secondary antibody (Abcam).

2.7. Cell counting kit-8 assay

In brief, 5 x 10° cells/well were planted into 96-well
plates, followed by adding Cell Counting Kit-8 solutions
(#C0037, Beyotime). We used a microplate reader (Ther-
mo Fisher Scientific) and determined the OD reading at
450 nm. Assays were implemented in triplicate.

2.8. Colony formation assay

Assays were implemented thrice. Cells were planted in
6-well plates for fourteen days of incubation, followed by
fixation with methanol along with staining with 0.1% crys-
tal violet (#G1063, Solarbio, Beijing, China), and clones
were counted.

2.9. Ethynyl-2-deoxyuridine (EdU) incorporation assay

Assays were implemented thrice. An EdU incorpo-
ration assay (#ab222421, Abcam) was adopted to assess
cell proliferation. Briefly, after cell transfection, 100 ml of
50 mM EdU/well was added into cells and incubated for
two hours at 37°C. Fluorescence microscopy was used for
observation.

2.10. Transwell migration and invasion assays

Experiments were implemented in triplicate. Trans-
well™ chambers were adopted, and coated with or without
Matrigel. Cells in a 200 mL serum-free medium were put
into the upper chambers. 600 mL complete medium was
placed into the bottom chambers. Forty-eight hours later,
the upper chamber was removed. The migrated cells were
fixed and stained, followed by counting using a BXS53
Olympus fluorescence microscope.

2.11. RNA fluorescent in situ hybridization (FISH)

Experiments were implemented in triplicate. The circ-
0006220 probe was designed by RIBOBIO and labeled
with FAM fluorescent dye. RNA FISH (RIBOBIO) was
implemented. Images were taken using a confocal laser-
scanning microscope (ZEISS).

2.12. Dual-luciferase reporter assay

Experiments were implemented in triplicate. Before
being cloned into the pRL-TK plasmid (#D2760, Beyo-
time) vector, circ-0006220 wild type, or CDCA7 wild
type, which contained designed miR-520f-3p binding
sites or mutant sequences with deleted target sites were
constructed and amplified. Subsequently, HEK293T cells
were co-transfected with luciferase plasmids, together
with miR-520f-3p mimics or controls. Renilla and firefly
luciferase activity was detected via the Dual-Luciferase
Reporter Assay System (Promega).

2.13. Tumor xenograft implantation in nude mice
Experiments were implemented in triplicate. BALB/c
nude mice (male, 4 weeks old) were obtained from Junke
Biological Co., LTD (Nanjing, China). Animal studies
were implemented following the guidelines of the animal
ethical committee of Ganyu District People's Hospital of
Lianyungang City. 1 x 107 22RV1 cells/ml transfected with
sh-circ-0006220 or sh-NC were subcutaneously injected
into the right flank of the mice. Tumors were measured
every seven days post-injection, and the tumor volumes
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were calculated (as a rotational ellipsoid). The mice were
sacrificed four weeks later and recorded tumors weights.

2.14. Immunohistochemical analysis

Experiments were implemented in triplicate. The repre-
sentative specimens stained with H&E were performed by
immunohistochemical detection with antibodies against
CDCA7 and Ki67 (Abcam).

2.15. Statistical analysis

The difference was evaluated as appropriate by unpai-
red Student’s t-test (comparisons between two groups) or
one-way ANOVA followed by post hoc Bonferroni test
(comparisons between multiple groups). Overall survival
rates were assessed using the log-rank test and Kaplan—
Meier survival curves, and Pearson’s correlation analysis
verified the relation between circ-0006220 and CDCA?7.
The relation between circ-0006220 expression and the cli-
nicopathological features of PCa patients was analyzed by
Fisher’s exact test. Data were expressed as mean + stan-
dard deviation. P < 0.05 was significant. SPSS version
19.0 software was applied for statistical analyses.

3. Results
3.1. Circ-0006220 is up-regulated in PCa and increases
PCa cell growth

Circ-0006220 (circ-TADA2A) exhibits high expres-
sion in PCa cells [9]. The circ-0006220 sequence was
revealed in circBase database (Figure 1A). Then, it was
discovered that circ-0006220 expression was related to
lymph-node metastasis (Table 1). Besides, circ-0006220
was highly expressed in PCa tumor tissues (Figure 1B).
Likewise, circ-0006220 expression was elevated in the
PCa cell lines, including 22RV1, DU 145, VCaP, as well
as PC-3, relative to normal prostate epithelial cell line
RWPE-1 (Figure 1C).

After RNase R treatment, circ-0006220 structure pre-
sented more resistance to RNase R relative to TADA2A
(Figure 1D). Kaplan—Meier analysis displayed patients
with high circ-0006220 expression were accompanied
with low survival time (Figure 1E).

Next, influences of circ-0006220 on PCa cell prolifera-
tion were probed. First, the efficacy of the sh-circ-0006220

plasmid as well as the circ-0006220 expression plasmid in
PCa cells was tested respectively (Figure 1F). Then, cell
functional assays unveiled that silencing circ-0006220
inhibited PCa cell growth (Figure 1G, H, J) while ove-
rexpressing circ-0006220 promoted PCa cell proliferation
(Figure 1G, L, K).
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Fig. 1. Circ-0006220 expression in PCa and increases PCa cell
growth. (A) Circ-0006220 sequence from circBase database. (B) circ-
0006220 expression in PCa tissues. (C) qRT-PCR tested circ-0006220
expression in PCa cell lines. (D) RNase R digestion. (E) Relation
between circ-0006220 and the overall survival of PCa patients from
Kaplan—Meier survival curve with the log-rank test. (F) Transfection
efficiency of circ-0006220 shRNAs and circ-0006220 overexpression
vector. (G—-K) PCa cell proliferation was analyzed by CCK-8, EdU,
together with colony formation experiments. *p < 0.05, **p < 0.01,
***p < 0.001.

Table 1. The correlation between circ-0016068 expression and clinicopathological

characteristics of PCa patients.

Feathers Number High Low  P-value
All cases 37 19 18

Age (Years) 0.7463
<65 20 12 8

>65 17 9 8

Gleason score 0.7431
>7 16 7 9

<7 21 11 10

Lymph-node metastasis *0.0167
Yes 27 21 6

No 10 3 7

Tumor stage 0.5119
T1-T2 13 7 6

T3-T4 24 10 14

*P < 0.05 was statistical difference.
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Fig. 2. Circ-0006220 promotes migration, invasion and EMT in
PCa cells. (A, B, C, D) Silenced circ-0006220 on PCa cells migration
and invasion were tested by transwell assay (scale bar = 100 mm).
(E, F) Expression of EMT markers in PCa cells upon circ-0006220
depletion was assessed by (E) qRT-PCR and (F) Western blot. *p <
0.05, **p < 0.01, ***p <0.001.

3.2 Circ-0006220 elevates PCa cell migration, and in-
vasion along with EMT

Furthermore, circ-0006220 knockdown hindered PCa
cell migration and invasion (Figure 2A, C), but overex-
pressed circ-0006220 exerted the opposite effects (Figure
2B, D).

In addition, circ-0006220 depletion elevated E-cadhe-
rin expression, while lessened vimentin together with snail
expression in PCa cells, but circ-0006220 up-regulation
exhibited the opposite effect in PCa cells (Figure 2E, F).

3.3 Circ-0006220 regulates CDCA7 expression via bin-
ding to miR-520f-3p

Based on RNA-FISH assay, circ-0006220 was discove-
red to be mainly located in the cytoplasm (Figure 3A). For-
mer reports suggested that CDCA7 drove the initiation of
PCa[17, 18]. Herein, a positive relation between the circ-
0006220 and CDCA7 expression was observed in PCa tis-
sues (Figure 3B). Moreover, knocking circ-0006220 down
inhibited CDCA7 protein expression in PCa cells, and the
inverse outcome was discovered upon circ-0006220 ele-
vation (Figure 3C). CDCA7 was more highly expressed
in PCa tissues than paired non-tumor tissue (Figure 3D).

Based on TargetScan and Circinteractome, miR-520f
was confirmed to harbor putative binding sequences with
both circ-0006220 and CDCA7 (Figure 3E). CDCA7 ex-
pression was elevated in the PCa cell lines (Figure 3F).
Besides, miR-520f-3p was low-expressed in PCa tissues
together with cell lines (Figure 3G, H).

Dual-luciferase reporter analysis results indicated that
the luciferase intensities of wild-type CDCA7 and wild-
type circ-0006220 were reduced by miR-520f-3p overex-
pression, but those of mutant-type CDCA7 and mutant-
type circ-0006220 were not affected by miR-520f-3p mi-
mics (Figure 31).

Moreover, overexpressed miR-520f-3p reduced
CDCAYT expression in PCa cells (Figure 3J). Besides, the
repression of CDCA7 expression caused by circ-0006220
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Fig. 3. Circ-0006220 elevates CDCA7 expression by binding to
miR-520f-3p. (A) RNA-FISH determined subcellular localization of
circ-0006220 in PCa cells. (B) Pearson’s correlation coefficient of circ
0006220 and CDCA7 expression in PCa tissues. (C) CDCA7 expres-
sion in PCa cells upon circ-0006220 knockdown or overexpression by
western blotting. (D) The level of CDCA7 in PCa tissues. (E) Bioin-
formatics analyses of TargetScan, and circinteractome. (F) CDCA7
expression in PCa cells. (G, H) MiR-520f-3p expression was tested in
PCa tissues together with PCa cells. (I) Dual-luciferase reporter assay
verified the combination of miR-520f-3p with CDCA7/circ-0006220.
(J) CDCATY expression in PCa cells was tested upon miR-520f-3p
inhibition or elevation by western blot. (K) CDCA7 expression in
PCa cells was determined by western blot in different groups. (L)
Impacts of circ-0006220 elevation and miR-520f-3p overexpression
on CDCA7 were assessed by western blot. *p < 0.05, ***p < 0.001.

silence was reversed by miR-520f-3p inhibition (Fi-
gure 3K). Meanwhile, overexpressing circ-0006220 that
contained the MRE of miR-520f-3p abolished the reduced
CDCAT7 expression regulated by miR-520f-3p increase
(Figure 3L).

3.4 Overexpression of CDCA7 offsets the effects of circ-
0006220 on PCa cells

CDCAY7 elevation rescued the reduced CDCA7 expres-
sion in circ-0006220 knockdown 22RV1 cells (Figure
4A). Moreover, elevated CDCA7 rescued the repressive
proliferation caused by circ-0006220 depletion in PCa
cells (Figure 4B, C). Likewise, CDCA7 elevation rescued
the inhibited PCa cell migration and invasion upon circ-
0006220 knockdown (Figure 4D, E).

3.5 Knockdown circ-0006220 represses PCa tumor
growth and metastasis in vivo

Circ-0006220 reduction inhibited the tumor volume
and weight of mice tumors (Figure SA-B). Also, silenced
circ-0006220 lessened CDCA7 expression together with
EMT in the xenograft tumors (Figure 5C, D). Additional-
ly, CDCA7 and Ki67 expression declined in PCa tumors
when circ-0006220 was silenced (Figure SE).

4. Discussion
PCa is the utmost frequent cancer diagnosed in men
worldwide [28]. Although the course is indolent in most
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Fig. 4. CDCAT elevation reverses the circ-0006220 silence-caused
inhibited proliferation, migration and invasion of PCa cells. Res-
cue experiments were implemented in PCa cells transfected with sh-
circ-TADA2A+vector, sh-circ-TADA2A+CDCA7, sh-NC+vector
and sh-NC+CDCA?7, respectively. (A) CDCA7 expression. (B, C)
EdU together with colony formation assay. (D) Migration and (E)
invasion of PCa cells. *p < 0.05, **p <0.01, ***p <0.001.

cases, most patients with localized disease possess a high
risk of recurrence along with metastasis. In spite of treat-
ment, these patients often die from the disease [29, 30].
Hence, improved clinical diagnostic and therapeutic ap-
proaches to PCa are a fateful endeavor.

Emerging evidence displays that various circRNAs
take part in physiological and pathological processes of
tumors. CircRNAs modulate gene expression via distinct
mechanisms [31], which can either drive or suppress tu-
morigenesis.

This study demonstrated that circ-0006220 levels
were elevated in PCa tissues together with cell lines, and
silenced circ-0006220 inhibited PCa cell growth, and in-
vasion, along with migration in vitro. Besides, a positive
relation between circ-0006220 expression and CDCA7
was found in PCa tumors, and inhibited circ-0006220 re-
duced CDCA7 expression. Moreover, both circ-0006220
and CDCA7 promoted the EMT of PCa and had putative
binding sites of miR-520{-3p.

Former literatures demonstrated that miR-520f-3p in-
hibits gastric cancer progression [21], and hepatocellular
carcinoma [22], and is a biomarker for lung cancer dia-
gnosis [23]; but some literatures showed that miR-520f-3p
reverses cancer EMT, obstructing cancer progression and
inhibiting chemoresistance [32]. All above reports imply
the potentials of miR-520f-3p may vary from cancer type.
Here, miR-520f-3p levels were reduced in PCa tissues.
MiR-520f-3p up-regulation declined CDCA7 levels in
PCa cells. Furthermore, circ-0006220 silence decreased
CDCA7 expression, while inhibited miR-520f-3p reversed
CDCA7 levels.
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Fig. 5. Circ-0006220 promotes tumor growth and metastasis in
vivo. (A) Tumor volumes after sh-circ-0006220 silence. (B) Tumor
weights. (C, D) Expression of CDCA7 and EMT markers were tested
after sh-circ-0006220 silence in vivo. (E) CDCA7 and Ki67 expres-
sion were tested after sh-circ-0006220 silence in vivo by immunohis-

tochemical staining. *p < 0.05, **p < 0.01, ***p <0.001.

In rescue experiments, up-regulated CDCA7 restored
the suppressive proliferation, and migration, along with
invasion of PCa cells upon circ-0006220 silence.

The present research had some limitations. It is essen-
tial to provide a larger sample size for investigating the cli-
nical significance of circ-0006220 further. Broad spectrum
target genes or miRNAs should be adopted for binding to
circ-0006220. Also, the mechanism underlying the up-re-
gulation of circ-0006220 in PCa should be investigated via
further assays.

5. Conclusion

In conclusion, circ-0006220 acted as miR-520f-3p
sponge to regulate CDCA7 that promoted PCa cell growth,
migration, and invasion. Thus, our findings propound a
novel foundation for probing the progression of PCa. In
addition, these data implicated circ-0006220 may be a pro-
mising target for novel PCa therapeutics.
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