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Abstract
Background: Growing studies indicate that circRNAs play critical roles in human diseases, and show
great potential as biomarkers and therapeutic targets. This study aims to investigate the expression and
function of circANKS1B in prostate cancer (PC).

Methods: The expression of circANKS1B and miRNA-152-3p were determined by real-time qRT-PCR. The
cell migration and invasion were measured by transwell assay. The interaction between circANKS1B and
miR-152-3p was con�rmed by dual-luciferase reporter gene assay. Rescue experiments were conducted to
demonstrate whether circANKS1B regulated the migration and invasion of PC cells by the circANKS1B-
miR-152-3p-TGF-α pathway.

Results: The expression of circANKS1B was dramatically up-regulated both in PC cells and tissues.
Moreover, high circANKS1B expression was associated with a poor prognosis of PC patients. Dual-
luciferase reporter assay indicated that circABKS1B directly bound to miRNA-152-3p. Furthermore,
circANKS1B negatively regulated miR-152-3p expression. Knockdown of circANKS1B remarkably
suppressed PC cells invasion and TGF-α expression, while the effects of circANKS1B silencing were
reversed by miR-152-3p de�ciency. In addition, the impact of miR-152-3p silencing on PC cell invasion
was also abrogated by TGF-α de�ciency. In all, circANKS1B as the sponge of miR-152-3p promotes
prostate cancer progression by up-regulating TGF-α expression.

Conclusion: Our �ndings reveal that circANKS1B could be a potential prognostic biomarker and
therapeutic target of PC.

Background
Prostate cancer (PC) is the second most frequent cancer and the �fth leading cause of cancer death in
men worldwide, with an estimated 1.3 million new cases and 359,000 deaths in 2018 [1]. However, the
incidence and mortality of prostate cancer are still on the rise. In 2019, 174,650 new cases and 31,620
deaths of PC were reported in the United States [2]. Radical prostatectomy or radical radiotherapy is the
main treatment for localized PC, and a comprehensive therapy based on androgen deprivation therapy
(ADT) is the treatment for advanced disease [3]. Once hormone resistance occurs, advanced PC often
develops into metastatic PC. Disease relapse and metastasis, as well as development of hormone
refractory disease, remain the major causes of death in PC patients. Therefore, it is imperative to
investigate the molecular mechanisms involved in PC progression and �nd novel therapeutic modalities
as well as prognostic biomarkers.

Circular RNAs (circRNAs), a kind of endogenous noncoding RNA characterized by covalently closed loop
structures without 5,-cup structure and 3 -polyadenylated tail, are widely found in mammals and highly
conserved as well as stable [4]. CircRNAs play critical roles in human physiological and pathological
conditions, the known functions include sequestration of microRNAs or proteins, modulation of
transcription and interference with splicing, as well as even translation to produce polypeptides [5–8].
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Growing evidence showed that circRNAs were involved in various cancer biological processes, including
proliferation, differentiation, apoptosis, and metastasis [9, 10]. Moreover, because of their conservation,
abundance and tissue speci�city, circRNAs also show great potential as diagnostic biomarkers in cancers
[11]. CircANKS1B (hsa_circ_0007294), a circRNA originated from exons 5 to 8 of the ANKS1B gene, is
signi�cantly overexpressed and promotes the metastasis of breast cancer [12]. Moreover, Li et al. [13]
reported circANKS1B was increased and enforced cell migration and invasion in colorectal cancer.
However, the speci�c expression and role of circANKS1B in PC has not been explored.

Our study attempted �rstly to investigate the expression and function of circANKS1B in PC. We observed
that circANKS1B was dramatically overexpressed both in PC cells and tissues. Moreover, high
circANKS1B expression was associated with a poor prognosis of PC patients. Functional analysis
showed that circANKS1B as the sponge of miR-152-3p could facilitate cell migration and invasion by up-
regulating TGF-α expression in PC. Our �ndings reveal that circANKS1B could be a potential prognostic
biomarker and therapeutic target of PC.

Material And Methods
Clinical ethics and human tissues

Forty-two pairs PC tissues and adjacent non-tumor tissues were collected from patients who underwent
radical prostatectomy at the Department of Urology, Second people hospital of Wuhu (Wuhu, China). All
of the samples were collected after surgery, immediately placed in liquid nitrogen, and stored at -80°C
before further analysis. All PC tissues were con�rmed by pathological study post operatively. Adjacent
non-tumor tissue was also resected simultaneously, and half of it was sent to pathological inspection to
rule out contamination of tumor. Patient follow-up was performed in the outpatient department by phone.
Informed consent was obtained from each patient and the study was approved by the ethics committee
of Second people hospital of Wuhu.

Cell lines and cell culture

Human PC cell lines (C4-2, LNCaP, DU145 and PC-3) and human prostate epithelial cell line (RWPE-1)
were obtained from the Chinese Academy of Sciences Cell Bank (Shanghai, China). PC cell lines were
maintained in RPMI-1640 medium. RWPE-1 cells were maintained in DMEM. The both media contain 10%
FBS, 100 U/mL penicillin, and 0.1 mg/mL streptavidin. All cells were incubated at 37°C in a humidi�ed
atmosphere containing 5% CO2.

Cell transfection

MiR-152-3p mimics, miR-152-3p inhibitor, si-TGF-α and negative control (NC) were purchased from
GenePharma Biotechnology (Shanghai, China). siRNA (small interfering-RNA) targeting circANKS1B (5 -
GAAGCCAGAGTGTAACAGA-3 ) and siRNA NC were synthesized by Invitrogen. Transfection of cells was
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performed with Lipofectamine 2000 Reagent (Invitrogen) according to the manufacturer’s protocol.
Brie�y, 1×106 cells were seeded in six-well plates at 70% con�uence a day before transfection.

RNA isolation and real-time qRT- PCR

Total RNA was isolated from PC tissues and cells using Trizol (Invitrogen) according to the
manufacturer’s instructions for circRNA and miRNA analyses. MiR-152a-3p real-time qRT-PCR was
performed by the TaqMan miRNA assays (Applied Biosystems, USA) and U6 was used as an internal
control. To measure circRNA expression, RNA was reverse transcribed to cDNA using the PrimeScript RT
Reagent (Takara, Japan) and then quanti�ed by real-time PCR using the SYBR Premix Ex Taq™ (Takara,
Japan). GAPDH was used as an internal control. The 2−ΔΔCt method was applied to quantify gene
expression. The primer sequences were as follows: circANKS1B: (forward) 5 -
GAAACCGTCACTGGAGAATTATCA-3 , (reverse) 5 -AAAGCTGCTTCATGAAGTGCAC-3 ; GAPDH (forward)
5 -GAACGGGAAGC- TCACTGG-3 , (reverse) 5 -GCCTGCTTCACCACCTTCT-3 .

Cell Migration and Invasion Assays

For the migration assays, 5×104 cells in serum-free medium were placed in the upper chamber of the
transwell (24-well insert, 8-μm pore size, BD Biosciences, San Jose, USA). For the invasion assays, cells
with 200 mL of serum-free medium were placed in the upper chambers coated with Matrigel (BD
Bioscience, San Jose, USA) according to the manufacturer’s protocol. Media containing 20% FBS were
added to the lower chamber as a chemoattractant. After the cells had been incubated for 24 hours at
37°C, the cells remaining on the upper membrane were removed and those on the lower surface of the
membrane were �xed in 95% ethanol stained with 0.1% crystal violet photographed (×200) in �ve
independent �elds for each well.

Plasmid Construction and Dual-Luciferase Assay

The wild type (wt) and mutation (mut) of circANKS1B-3 UTR that contained the putative miR-152-3p
binding sites were cloned into the pmirGLO (Promega, USA), as pmirGLO-wt-circANKS1B or pmirGLO-mut-
circANKS1B. Cells were co-transfected with miRNA-152-3p mimics or NC and wt-circANKS1B or mut-
circANKS1B, respectively. After 48 hours, the cells were lysed and assayed with a Dual Luciferase
Reporter Assay Kit (Promega, USA) according to the manufacturer’s instructions.

Protein Isolation and Western Blot

Total protein was collected by Total Protein Extraction Kit (KeyGen, China) and the concentration of
protein was measured with a BCA Protein Detection Kit (Sigma, USA). The lysate was applied to a 12%
polyacrylamide gel for electrophoresis experiments, and after electrophoresis, it was transferred to a
PVDF membrane. Membranes were blocked using 5% milk and incubated with primary antibodies at 4°C
overnight. After that, it was incubated with secondary antibody for 2–3 h at 37 °C. Signals were detected
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using enhanced chemiluminescence detection reagent (Thermo Scienti�c). Protein levels were
determined by normalization to GAPDH.

Statistical analysis

Data are presented as the mean ± standard deviation (SD) of at least three independent experiments.
Student’s t test and one-way analysis of variance (ANOVA) were used to analyze signi�cant differences.
The Kaplan‐Meier method was used to draw survival curves and the log‐rank test was used to determine
statistical signi�cance. All of the statistical analyses were performed using SPSS 22.0 (SPSS Inc., USA).
All P < 0.05 were marked with *, and P < 0.01 with **.

Results

CircANKS1B was signi�cantly overexpressed and indicated
poor prognosis in PC
To detect the expression of circANKS1B in PC, we �rstly performed real-time qRT-PCR in cell lines and
found that circANKS1B expression in PC cell lines (C4-2, LNCaP, DU145 and PC-3) was signi�cantly
higher than that in human prostate epithelial cell line (RWPE-1) (Fig. 1A). Then we analyzed circANKS1B
expression in tissue samples. As the Fig. 1B showed, compared with matched adjacent non-tumor
tissues, the expression of circANKS1B was remarkably up-regulated in PC tissues (P < 0.001). In addition,
we performed Chi-square tests to analyze the association between the clinicopathological characteristics
and circANKS1B expression. As shown in Table 1, circANKS1B expression was signi�cantly associated
with Gleason score (P = 0.019), T stage (P = 0.011) and Lymph node metastasis (P = 0.004). More
importantly, high circANKS1B expression indicated poor overall survival (P = 0.001, Fig. 1C). These
�ndings showed that circANKS1B could be a potential prognostic biomarker for PC patients.
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Table 1
Correlation between circANKS1B expression and clinicopathological

characteristics in prostate cancer (n = 42)
Characteristics CircANKS1B expression P - value

  Low (21, 50%) High (21, 50%)  

Age (years)     0.739

65 7 (53.8%) 6 (46.2%)  

≥65 14 (48.3%) 15 (51.7%)  

Gleason score     0.019

7 10 (76.9%) 3 (23.1%)  

≥7 11 (37.9%) 18 (62.1%)  

T stage     0.011

T1-T2 17 (65.4%) 9 (34.6%)  

T3-T4 4 (25.0%) 12 (75.0%)  

Lymph node metastasis     0.004

No 18 (66.7%) 9 (33.3%)  

Yes 3 (20.0%) 12 (80.0%)  

The median expression of circANKS1B was used as the cut-off.

Circanks1b Promoted Cell Migration And Invasion In Pc
Cells
Due to DU145 and PC3 cell lines showed a relatively higher expression of circANKS1B and were chose for
the functional experiments. To investigate the role of circANKS1B in PC cells, we utilized circANKS1B-
siRNA (si-circANKS1B) to down-regulate the expression of circANKS1B. As the Fig. 2A showed, both in
DU145 and PC3 cells, the relative expression of circANKS1B dramatically decreased after transfecting
with si-circANKS1B. Transwell assay demonstrated that silencing sircANKS1B effectively restrained the
migration of DU145 and PC3 cells (Fig. 2B). Similarly, PC cells transfected with si-circANKS1B presented
with a lower invasive capability than controls (Fig. 2C), suggesting that circANKS1B might play crucial
roles in PC progression.

CircANKS1B functioned as the sponge of miR‐152‐3p in PC cells

To explore the mechanisms of sircANKS1B regulating PC progression, we performed a bioinformatic
research (Starbase, CircNet database and CircInteractome database ) and found circANKS1B might have
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a putative binding site for miR-152-3p (Fig. 3A). As the Fig. 3B showed, after silencing sircANKS1B in
DU145 and PC3 cells, the expression of miR-152-3p was signi�cantly increased, indicating that
circANKS1B negatively regulated miR-152-3p expression. To further identify the direct interaction between
miR-152-3p and circANKS1B, we created the dual-luciferase reporters containing wild-type and mutative
3 UTR sequence of circANKS1B. DU145 and PC3 cells were co-transfected with miR-152-3p mimics or NC
and pmirGLO-wt-circANKS1B-3 UTR (wt-circANKS1B) or pmirGLO-mut- circANKS1B-3 UTR (mut-
circANKS1B). The results showed that co-transfection of miR-152-3p mimics and wt-circANKS1B
dramatically reduced the luciferase activity both in DU145 and PC3 cells. However, no signi�cant changes
were observed in PC cells co-transfecting with miR-152-3p mimics and mut-circANKS1B (Fig. 3C). The
above data demonstrated that circANKS1B exerted its function by sponging miR-152-3p.

Circanks1b Sponged And Sequestered Mir‐152‐3p To Up-
regulate Tgf-α Expression
Our previous study has suggested that miR-152-3p suppressed PC cells migration and invasion by
directly targeting TGF-α and then down-regulated EGFR [14]. Thus, we performed the rescue experiments
to explore whether circANKS1B regulated the migration and invasion of PC cells by the circANKS1B-miR-
152-3p-TGF-α pathway. Our results suggested that silencing circANKS1B signi�cantly suppressed the
expression of TGF-α and EGFR, while the effects were reversed by knockdown of miR-152-3p expression
through transfecting with miR-152-3p inhibitor in DU145 and PC3 cells (Fig. 4A). The traswell assay
showed that circANKS1B de�ciency dramatically inhibited cell invasion and the effects were abrogated
by silencing miR-152-3p through transfecting with miR-152-3p inhibitor, while TGF-α de�ciency reversed
the impact of miR-152-3p inhibitor by transfecting with si-TGF-α in DU145 and PC3 cells (Fig. 4B). Our
�ndings indicated that circANKS1B facilitated cell invasion of PC through up-regulating TGF-α and EGFR
expression by competing for miR-152-3p.

Discussion
In 1976, circRNAs were discovered by electron microscopy of plant viroid for the �rst time [15]. Up to now,
the advent of high-throughput sequencing associated with new computational pipelines to map circRNAs
to the genome have moved circRNAs to the forefront of RNA research [16, 17]. Emerging evidence showed
that circRNAs exhibited aberrant expression and played critical roles in many types of cancer, including
prostate cancer [18–21]. Recently, studies reported that circANKS1B was overexpressed and involved in
tumorous progression in breast cancer [12] and colorectal cancer [13], respectively.

Our study �rstly explored the expression and function of circANKS1B in PC. We found that the expression
of circANKS1B was dramatically up-regulated both in PC cells and tissues. Moreover, high circANKS1B
expression was associated with Gleason score, T stage as well as lymph node metastasis and indicated
poor prognosis of PC patients. Most of the circRNAs were found to be abundant, conserved and often
tissue-speci�c [8]. Furthermore, circRNAs were greatly stable both inside cells as well as in extracellular
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plasma, including blood and saliva, and were also transported by exosomes from the cell body to
extracellular �uid [22, 23]. These properties of circRNAs showed great potential as biomarkers.
Consequently, combining with our �ndings, circANKS1B would be a novel prognostic biomarker for PC
patients.

In this study, we also observed that circANKS1B signi�cantly promoted cell migration and invasion in PC
cell lines. Furthermore, the expression of circANKS1B in PC tissues was also associated with poor overall
survival of PC patients, suggesting circANKS1B participated in the progression of PC. However, what is
the mechanism of circANKS1B involved in the regulation of progression in PC?

Growing evidence showed that circRNAs, as the sponge of miRNAs, participated in the initiation and
progression of tumours through regulating expressions of miRNA-inhibited downstream genes [24]. For
instance, in PC, circAMOTL1L, circABCC4 and circHIPK3 exerted their functions by sponging miR-193a-5p,
miR-1182 and miR-338-3p, respectively [18, 19, 24]. In current study, bioinformatic analyses indicated that
circANKS1B contained a putative binding site for miR-152-3p and silencing sircANKS1B could enforce the
expression of miR-152-3p. More importantly, dual-luciferase reporter assay con�rmed the direct
interaction between miR-152-3p and circANKS1B. These �ndings indicated that circANKS1B also
functioned as a sponge of miR‐152‐3p in PC cells.

Our previous study has suggested that miR-152-3p suppressed PC cells migration and invasion by down-
regulating TGF-α [14]. The aberrant expression of TGF-α and TGF-α-induced signaling was involved in the
progression and metastasis of various carcinomas [25–27]. TGF-α was found to bind to EGFR ligands
and activate EGFR by inducing EGFR tyrosine autophosphorylation [28]. Activation of EGFR played
critical roles in cell proliferation, survival, angiogenesis, migration, and invasion [29]. So we speculated
that circANKS1B probably facilitated PC progression through regulating TGF-α and EGFR expression by
sequestering miR-152-3p. Supporting evidence from our study showed that silencing circANKS1B
signi�cantly suppressed the expression of TGF-α and EGFR, while the effects were reversed by miR-152-
3p de�ciency. Moreover, miR-152-3p de�ciency also reversed the impacts of circANKS1B silencing on PC
cell invasion, while this phenomenon was abrogated by TGF-α de�ciency. Obviously, our �ndings
con�rmed our conjecture.

Taken together, this study �rstly identi�ed circANKS1B was signi�cantly overexpressed and indicated
poor prognosis in PC. Furthermore, circANKS1B as the sponge of miR-152-3p promoted PC cells
migration and invasion by up-regulating TGF-α expression. Our �ndings reveal that circANKS1B could be
a potential prognostic biomarker and therapeutic target of PC.

Conclusions
CircANKS1B as the sponge of miR-152-3p promots PC progression by up-regulating TGF-α expression
and its high expression indicates poor prognosis of PC patients, suggesting circANKS1B may be a
potential prognostic biomarker and therapeutic target for PC patients.
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Figure 1

CircABKS1B was overexpressed in PC cells and tissues. (A) Relative expression of circANKS1B in human
PC cell lines (C4-2, LNCaP, DU145 and PC-3) and human prostate epithelial cell line (RWPE-1) detected by
real time qRT-PCR. (B) Relative expression of circANKS1B in 42 pairs PC tissues and matched non-tumor
tissues detected by real time qRT-PCR. (C) Kaplan–Meier survival analysis based on the expression of
circANKS1B in PC tissues. Data are represented as mean ± SD of three independent experiments. **P <
0.01.
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Figure 2

Silencing circANKS1B suppressed cell migration and invasion in PC cells. (A) Relative expression of
circANKS1B was measured by real time qRT-PCR in DU145 and PC3 cells transfected with si-circANKS1B
or NC. (B and C) The ability of cell migration (B) and invasion (C) were measured by transwell assay in
DU145 and PC3 cells transfected with si-circANKS1B or NC. Data are represented as mean ± SD of three
independent experiments. *P < 0.05. **P < 0.01.
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Figure 3

CircANKS1B functioned as a sponge for the miR-152-3p. (A) Predicted binding site of miR-152-3p in
circANKS1B. (B) Relative expression of miR-152-3p was determined by real time qRT-PCR in DU145 and
PC3 cells transfected with si-circANKS1B or NC. (C) Relative luciferase activity was determined by dual-
luciferase reporter assay in DU145 and PC3 cells co-transfected with miR-152-3p mimics or NC and wt-
circANKS1B (Wt) or mut-circANKS1B (Mut). Data are represented as mean ± SD of three independent
experiments. **P < 0.01.
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Figure 4

CircANKS1B promoted PC progression by modulating miR-152-2p-TGF-α pathway. (A) After
corresponding transfection, expression of TGF-α and EGFR were determined by western blotting assay in
DU145 and PC3 cells. (B) After corresponding transfection, the ability of cell invasion was measured by
transwell assay in DU145 and PC3 cells. Data are represented as mean ± SD of three independent
experiments. **P < 0.01.


