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Abstract
This study aimed to investigate more detailed functions of circ_0005276 in pros-
tate cancer (PCa) and provide a novel mechanism for circ_0005276 action. The 
expression of circ_0005276, microRNA-128-3p (miR-128-3p) and DEP domain 
containing 1B (DEPDC1B) was detected by quantitative real-time PCR. In func-
tional assays, cell proliferation was determined by CCK-8 assay and EdU assay. 
Cell migration and invasion were determined by transwell assay. The ability of 
angiogenesis was determined by tube formation assay. Cell apoptosis was deter-
mined by flow cytometry assay. The potential binding relationship between miR-
128-3p and circ_0005276 or DEPDC1B was ascertained by dual-luciferase reporter 
assay and RIP assay. Mouse models were used to verify the role of circ_0005276 
in vivo. The upregulation of circ_0005276 was determined in PCa tissues and cells. 
Circ_0005276 knockdown inhibited proliferation, migration, invasion and angiogen-
esis in PCa cells, and circ_0005276 knockdown also blocks tumor growth in vivo. 
Mechanism analysis discovered that miR-128-3p was a target of circ_0005276, and 
miR-128-3p inhibition recovered circ_0005276 knockdown-inhibited proliferation, 
migration, invasion and angiogenesis. In addition, DEPDC1B was a target of miR-
128-3p, and miR-128-3p restoration-inhibited proliferation, migration, invasion and 
angiogenesis were rescued by DEPDC1B overexpression. Circ_0005276 might pro-
mote the development of PCa by activating the expression of DEPDC1B via target-
ing miR-128-3p.
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Introduction

Prostate cancer (PCa) represents the most prevalent type of cancer among men, with 
approximate 1,414,259 new cases and 375,304 new deaths worldwide in 2020 (Sung 
et al. 2021). The 5-year survival is high (98.9%) for patients with non-metastatic PCa, 
while the 5 years are low (only 20.2%) for patients with metastatic PCa (Siegel et al. 
2018). PCa is mostly indolent at first and can later develop into aggressive disease 
(Attard et al. 2016). Therefore, an in-depth understanding of PCa pathogenesis is neces-
sary to improve the early diagnosis of PCa.

Published studies suggest that circular RNAs (circRNAs) are vital regulators 
in the development of human diseases, including tumorigenesis (Kristensen et al. 
2018). CircRNA is a type of non-coding RNA (ncRNA) that undergoes back-
splicing from precursor mRNA (Hua et  al. 2019). Recent studies have revealed 
the widespread and valued functions of circRNA molecules in PCa. For exam-
ple, circRNA-102004 was highly expressed in PCa tissues, and it functioned as 
an oncogene by promoting PCa cell migration, invasion, and proliferation (Si-Tu 
et al. 2019). Circ_0005276, deriving from X-linked inhibitor of apoptosis protein 
(XIAP), was reported to contribute to PCa progression (Feng et al. 2019). None-
theless, the role of circ_0005276 in PCa is not completely understood.

CircRNA may function as miRNA sponge to sequester miRNA expression (Witkos 
et al. 2018). Therefore, the study of circRNA-targeted miRNAs is constructive to explore 
the functional mechanisms of circRNAs. The advance of bioinformatics makes it easier 
to predict circRNA-targeted miRNAs (Jiang and Ye 2019). To clarify the mechanism 
of circ_0005276 action in PCa, we characterized miRNAs targeted by circ_0005276 
and obtained miR-128-3p. MiR-128-3p, as a tumor suppressor in PCa, has been previ-
ously reported (Khan et al. 2010). Here, we further demonstrated the interplays between 
circ_0005276 and miR-128-3p in PCa (Table 1).
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DEP domain containing 1B (DEPDC1B) was widely reported to be an onco-
gene in various cancers, including PCa (Bai et al. 2017). In this study, we showed 
that miR-128-3p depleted DEPDC1B expression by binding to DEPDC1B 3’ 
untranslated region (3’ UTR), suggesting that DEPDC1B might be involved in 
PCa progression via miR-128-3p-mediated manner. However, the crosstalk 
between miR-128-3p and DEPDC1B has not been clarified.

Herein, we investigated the function of circ_0005276 in PCa cells in  vitro and in 
nude mice in vivo. Importantly, we determined the crosstalk between miR-128-3p and 
circ_0005276 or DEPDC1B, thus providing a new mechanism regarding circ_0005276 
function in PCa.

Materials and Methods

Clinical Samples

PCa tumor tissues (n = 30) and matched normal tissues (n = 30) were obtained 
from Huangshi Central Hospital, Affiliated Hospital of Hubei Polytechnic Uni-
versity. The written informed consent was obtained from each patient. For speci-
men storage, these tissues frozen by liquid nitrogen were preserved at − 80  °C 
condition. This study obtained the permission of the Ethics Committee of Huang-
shi Central Hospital, Affiliated Hospital of Hubei Polytechnic University.

Table 1   The clinicopathological 
factors in PCa

Clinicopathological features Number of cases

Age
  > 60 years 18
  ≤ 60 years 12
Tumor size(cm)
   > 2 9
   ≤ 2 21

Gleason score
   > 8 13

    ≤ 8 17
Clinical stage
 I + II 16
 III 14

Serum PSA (ng/mL)
 > 10 19

  ≤ 10 11
Lymph node metastasis
 Positive 12
 Negative 18
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Cell Lines

PCa cells (LNCaP and DU145) were bought from Procell (Wuhan, China) and cultured 
in RPMI1640 medium (Procell) added with 10% FBS (Procell). Human normal pros-
tatic epithelial cells (RWPE-1; Procell) were used as non-cancer control and cultured 
in Keratinocyte serum-free medium (K-SFM; Procell) supplemented with 0.05-mg/mL 
bovine pituitary extract (BPE; Procell) and 5-ng/mL epidermal growth factor (EGF; 
Procell).

Quantitative Real‑time PCR (qPCR)

Total RNA was conventionally isolated using Trizol reagent (Invitrogen, Carls-
bad, CA, USA) and checked by Nanodrop 2000 (Thermo Fisher Scientific, 
Waltham, MA, USA). The assay of cDNA synthesis was carried out using Tru-
Script First-Strand cDNA Synthesis Kit (Norgenbiotek, Ontario, Canada) or 
microScript microRNA cDNA Synthesis Kit (Norgenbiotek). SYBR GreenER™ 
qPCR SuperMix Universal (Invitrogen) was then used for qPCR amplification. 
GAPDH or U6 was used as the internal reference, using the 2−ΔΔCt method for 
relative expression calculation. Primer sequences are shown here: circ_0005276, 
F 5’-ACT​AGA​AGA​ATT​GGT​GAA​GGTGA-3’, and R 5′-TAG​CAT​GTT​GTT​
CCC​AAG​GG-3′; XIAP, F 5′-ACT​TCG​GGT​TTC​ACG​ACT​CC-3′, and R 5′-CCG​
AGC​CCC​AAT​CTG​GAA​AT-3′; miR-128-3p, F 5′-GGT​CAC​AGT​GAA​CCG​GTC​
-3′, and R 5′-GTG​CAG​GGT​CCG​AGGT-3′; DEPDC1B, F 5′-ATA​GAG​GAG​
CGT​GTG​GCT​CA-3′, and R 5′-TGA​CGG​CAA​AAT​GAT​GGA​GC-3′; GAPDH, F 
5′-CAT​GGG​TGT​GAA​CCA​TGA​GAA​GTA​-3′, and R 5′-CAG​TAG​AGG​CAG​GGA​
TGA​TGT​TCT​-3′; U6, F 5′-TGC​GGG​TGC​TCG​CTT​CGG​CAGC-3′, and R 5′-CCA​
GTG​CAG​GGT​CCG​AGG​T-3′.

RNase R and Actinomycin D Treatment

For circ_0005276 stability and circularity analysis, total RNA was administered 
with RNase R (3 U/μg; Epicenter Technologies, Madison, WI, USA). Actinomycin 
D (2 μg/mL; Sigma-Aldrich) was supplemented into culture medium, and the treated 
cells were collected for RNA isolation. After treatment with RNase R or actinomy-
cin D, qPCR was performed to determine the expression of circ_0005276 and its 
linear transcript.

Oligo (dT)18 Primer Amplification

To detect the circular structure of circ_0005276, oligo (dT)18 primers and random 
primers purchased from Thermo Fisher Scientific were used to synthesize cDNA.
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Cell Transfection

Circ_0005276 small interference RNA (si-circ_0005276) and siRNA negative con-
trol (si-NC) were customized by Geneseed (Guangzhou, China). MiR-128-3p mimic, 
miR-128-3p inhibitor and their matched negative control (miRNA NC and inhibi-
tor NC), fusion overexpression vector pcDNA-DEPDC1B (pc-DEPDC1B), and 
black negative control (pc-NC) were purchased from Ribobio (Guangzhou, China). 
LNCaP and DU145 cells were subjected to transfections using Lipofectamine 3000 
reagent (Invitrogen).

Cell Counting Kit‑8 (CCK‑8) Assay

LNCaP and DU145 cells were seeded into 96-well plates (2000 cell/well). After 
incubation for 24 h, cells were treated with CCK-8 reagent (10 μL/well; Dojindo, 
Kumamoto, Japan) for another 2 h. Cell viability was examined using a micro-
plate absorbance reader (Bio-Rad, Hercules, CA, USA).

5‑Ethynyl‑2’‑deoxyuridine (EdU) assay

EdU assay was carried out using EdU Imaging Kit (Life technologies, Gaithers-
burg, MD, USA). Cells were plated into 96-well plates at 60–70% confluence 
and labeled with 20-μM EdU solution for 2 h. Cells were then fixed using 3.7% 
paraformaldehyde in PBS for 20  min in the dark and washed using PBS. Cells 
were stained with anti-EdU working solution, and cell nuclei were labeled by 
4’, 6-diamidino-2-phenylindole (DAPI). The number of EdU-positive cells was 
observed using a fluorescent microscope (Olympus, Tokyo, Japan).

Transwell Assay

Cells suspended into serum-free culture medium were added into the upper cham-
bers (Corning Incorporated, Corning, NY, USA) coated with or without Matrigel 
(BD Biosciences; San Jose, CA, USA) for cell invasion or cell migration, respec-
tively. Culture medium added with 20% FBS was filled into the bottom of cham-
bers. After incubation for 24  h, cells that migrated or invaded into the lower 
surface of chambers were immobilized with paraformaldehyde and stained with 
crystal violet (Invitrogen). The number of migrated or invaded cells was counted 
by light microscopy (Olympus) in five random fields per replicate.

Tube Formation Assay

The conditioned mediums of LNCaP and DU145 cells were collected at 48-h 
incubation in serum-free culture medium. 50-μL ice-cold Matrigel (BD Bio-
sciences) was plated into 96-well plates for 30  min. Human umbilical vein 
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endothelial cells (HUVECs; 4 × 104) in 100-μL conditioned medium were pipet-
ted into the well and cultured for 5 h at 37 °C. Tube formation in each well was 
observed by a light microscope (Olympus).

Flow Cytometry Assay

To detect cell apoptosis, cells after treatment were examined using Cell Apopto-
sis Kit with Annexin V FITC and PI, for flow cytometry (Invitrogen). This assay 
was conducted in line with the guideline. BD FACSVerse™ Flow Cytometer (BD 
Biosciences) was used for the identification of apoptotic cells.

Dual‑Luciferase Reporter Assay

The binding site between miR-128-3p and circ_0005276 or DEPDC1B 3’UTR 
was provided by circBANK (http://​www.​circb​ank.​cn/) or targetscan (http://​www.​
targe​tscan.​org/​vert_​72/). The mutant-type (MUT) and wild-type (WT) sequence of 
circ_0005276 were inserted into pmirGLO vector (Promega, Madison, WI, USA) 
to obtain reporter plasmids (WT-circ_0005276 and MUT-circ_0005276). Luciferase 
reporter plasmids (WT-DEPDC1B-3’UTR and MUT-DEPDC1B-3’UTR) were 
also constructed. For dual-luciferase reporter assay, LNCaP and DU145 cells were 
cotransfected with miR-128-3p mimic (or miRNA NC) and WT-circ_0005276 (or 
MUT-circ_0005276) and incubated for 48 h. Dual-Luciferase® Reporter Assay Sys-
tem (Promega) was employed to analyze luciferase activity.

RNA Immunoprecipitation (RIP) Assay

Imprint RIP Kit (Sigma-Aldrich, St. Louis, MO, USA) was used for RIP assay. 
Ago2 antibody (Sigma-Aldrich), a key component of the miRNA-containing RISC 
complex, was used to enrich miR-128-3p RISC, with mouse IgG (Sigma-Aldrich) as 
a negative control. The enrichment of miR-128-3p and circ_0005276 in the precipi-
tates was ascertained by qPCR.

Western Blot

Total protein was obtained using ReadyPrep™ Protein Extraction Kit (Bio-Rad) 
and examined using Bio-Rad protein assay reagent (Bio-Rad). Protein samples were 
then loaded on 10% SDS-PAGE, transferred to PVDF membranes (Bio-Rad), and 
blocked in 5% skim milk. Membranes were then incubated with the specific pri-
mary antibodies, including anti-Bax (PA5-11,378; Invitrogen), anti-Bcl-2 (PA5-
27,094; Invitrogen), anti-DEPDC1B (PA5-67,248; Invitrogen), anti-PI3K (MA5-
15,030; Invitrogen), anti-Phospho-PI3K (PA5-104,853; Invitrogen), anti-AKT 
(MA5-15,591; Invitrogen), anti-Phospho-AKT (44-602G; Invitrogen), and anti-
GAPDH (PA1-16,777; Invitrogen). Membranes were then reacted with a secondary 

http://www.circbank.cn/
http://www.targetscan.org/vert_72/
http://www.targetscan.org/vert_72/
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horseradish peroxidase-conjugated secondary antibody (31,460; Invitrogen). The 
protein blots were viewed using enhanced chemiluminescence (Bio-Rad).

Mouse Models

To construct mouse models, balb/c mice (male, 6-week-old) were bought from Vital 
River (Beijing, China) and then regularly housed. Mice were randomly assigned 
into 2 groups (n = 6 per group) and administered with the injection of DU145 cells 
infecting with lentivirus-integrated sh-circ_0005276 (Genepharma) or sh-NC. Dur-
ing tumor growth, tumor volume (length × width2 × 0.5) was weekly recorded. We 
excised tumor tissues after 4 weeks and measured tumor weight. Animal study was 
approved by the Animal Care and Use Committee of Huangshi Central Hospital, 
Affiliated Hospital of Hubei Polytechnic University.

Statistical Analysis

Each assay was performed 3 times to obtain the experimental data. The data were 
then processed and analyzed using GraphPad Prism 7 (GraphPad Inc., La Jolla, CA, 
USA). Multiple comparisons in various groups were performed using Student’s t 
test or analysis of variance (ANOVA, followed by Tukey’s multiple comparisons 
test). Pearson’s correlation analysis was used to analyze the correlation between two 
sets. The data were eventually shown as mean ± standard deviation (SD). P-value 
less than 0.05 was considered to be significant in statistics.

Fig. 1   The upregulation of circ_0005276 was determined in PCa tissues and cells. A The expres-
sion of circ_0005276 in tumor tissues and normal tissues was detected by qPCR. B The expression of 
circ_0005276 in LNCaP, DU145, and RWPE-1 cells was detected by qPCR. C and D The stability of 
circ_0005276 was ascertained using RNase R and Actinomycin D. E The circularity of circ_0005276 
was determined using oligo(dT)18 primers and random primers. F The formation of circ_0005276. 
*P < 0.05



1994	 Biochemical Genetics (2023) 61:1987–2003

1 3

Results

Circ_0005276 was Highly Expressed in PCa Tumor Tissues and Cells

We identified the expression and characteristics of circ_0005276 in PCa. 
Circ_0005276 was notably upregulated in PCa tumor tissues (Fig. 1A), as well as 
in PCa cell lines (LNCaP and DU145) compared to non-cancer cell line (RWPE-1) 
(Fig.  1B). Circ_0005276, compared to XIAP, was resistant to RNase R digestion 
and Actinomycin D treatment (Fig. 1C and D). Besides, compared to random prim-
ers, circ_0005276 could not be effectively detected and amplified by oligo (dT)18 
primers (Fig.  1E). As shown in Fig.  1F, circ_0005276 was back-spliced from the 
exon5, exon6, and exon7 of XIAP mRNA, with 222 bp in length (Fig. 1F). These 
results demonstrated that circ_0005276 was upregulated in PCa, and circ_0005276 
was a circular molecule with high stability.

Circ_0005276 Knockdown Inhibited PCa Cell Malignant Phenotypes

We investigated the functions of circ_0005276 in vitro by loss function assays, and 
the results are shown in supplementary file, Fig. S1. Circ_0005276 abundance was 

Fig. 2   MiR-128-3p was targeted by circ_0005276. A The putative binding between circ_0005276 and 
miR-128-3p was obtained from circBANK. B The efficiency of miR-128-3p mimic was ascertained by 
qPCR. C and D The relationship between circ_0005276 and miR-128-3p was ensured by dual-lucif-
erase reporter analysis. E and F Their binding was validated by RIP assay. G MiR-128-3p expression in 
tumor samples and normal samples was ascertained by qPCR. H The correlation between circ_0005276 
expression and miR-128-3p expression in PCa. I The expression of miR-128-3p in LNCaP, DU145, and 
RWPE-1 cells was detected by qPCR. J The efficiency of miR-128-3p inhibitor. K The expression of 
miR-128-3p in LNCaP and DU145 cells introduced with si-circ_0005276 or si-circ_0005276 + miR-
128-3p inhibitor was detected by qPCR. *P < 0.05
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significantly decreased in LNCaP and DU145 cells transfected with si-circ_0005276 
relative to si-NC (Fig. S1A). In terms of function, circ_0005276 knockdown nota-
bly reduced cell viability, proliferation, migration, invasion, and angiogenesis in 
LNCaP and DU145 cells by multiple tests (Fig. S1B–F). Moreover, circ_0005276 
knockdown notably increased cell apoptotic ability (Fig. S1G). Bax level was rein-
forced, while Bcl-2 expression was decreased in LNCaP and DU145 cells after 
circ_0005276 knockdown (Fig. S1H and S1I), suggesting that circ_0005276 knock-
down promoted cell apoptosis. These results revealed that circ_0005276 knockdown 
blocked PCa development in vitro.

MiR‑128‑3p was a Target of circ_0005276

We next investigated circ_0005276-targeted miRNAs. The binging site between 
circ_0005276 and miR-128-3p was predicted by circBANK (Fig.  2A). The level 
of miR-128-3p was remarkably enhanced in LNCaP and DU145 cells transfected 
with miR-128-3p mimic (Fig.  2B). MiR-128-3p mimic and WT-circ_0005276 
cotransfection remarkably reduced luciferase activity in LNCaP and DU145 cells 
(Fig. 2C and D). In RIP assay, the expression of circ_0005276 and miR-128-3p was 

Fig. 3   Circ_0005276 knockdown-inhibited proliferation, migration, invasion, and angiogenesis were 
recovered by miR-128-3p inhibition. The following functional assays were performed in LNCaP and 
DU145 cells transfected with si-circ_0005276, si-NC, si-circ_0005276 + miR-128-3p inhibitor or si-
circ_0005276 + inhibitor NC. A and B Cell proliferation was investigated by CCK-8 assay and EdU 
assay. C and D Cell migration and cell invasion by transwell assay. E The ability of angiogenesis by tube 
formation assay. (F) Cell apoptosis was investigated by flow cytometry assay. G and H The protein levels 
of Bax and Bcl-2. *P < 0.05
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abundantly detected in Ago2 antibody-coupled compounds (Fig.  2E and F). The 
expression of miR-128-3p was downregulated in PCa tumor tissues and cell lines 
(Fig. 2G and 2I), and miR-128-3p expression in PCa samples was inversely corre-
lated with circ_0005276 expression (Fig. 2H). The expression of miR-128-3p was 
significantly weakened in LNCaP and DU145 cells with miR-128-3p inhibitor trans-
fection (Fig.  2J). The expression of miR-128-3p was notably increased in LNCaP 
and DU145 cells after si-circ_0005276 transfection but considerably repressed by 
si-circ_0005276 + miR-128-3p inhibitor transfection (Fig.  2K). These results sug-
gested that miR-128-3p was a target of circ_0005276.

MiR‑128‑3p Inhibition Reversed the Effects of circ_0005276 Knockdown

Rescue experiments were performed to determine whether circ_0005276 regu-
lated PTC progression by targeting miR-128-3p. The results showed that the via-
bility, proliferation, migration, invasion, and angiogenesis of PTC cells were weak-
ened by si-circ_0005276 but partly enhanced by si-circ_0005276 + miR-128-3p 
inhibitor in LNCaP and DU145 cells (Fig.  3A–E; Fig. S2A-S2D). In addition, 

Fig. 4   DEPDC1B was targeted by miR-128-3p. A The binding between miR-128-3p and DEPDC1B was 
obtained by targetscan. B and C The relationship between miR-128-3p and DEPDC1B was verified by 
dual-luciferase reporter analysis. D and F The expression of DEPDC1B in tumor samples and normal 
samples was ascertained by qPCR and western blot. E The correlation between miR-128-3p expression 
and DEPDC1B expression in PCa. G The protein level of DEPDC1B in LNCaP, DU145, and RWPE-1 
cells. (H) The overexpression efficiency of pc-DEPDC1B. I The expression of DEPDC1B protein in 
LNCaP and DU145 cells with miR-128-3p mimic, miRNA NC, miR-128-3p mimic + pc-DEPDC1B, or 
miR-128-3p mimic + pc-NC. *P < 0.05
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circ_0005276 knockdown-enhanced cell apoptotic rate was largely reduced by the 
transfection of miR-128-3p inhibitor (Fig.  3F). The expression of Bax elevated in 
LNCaP and DU145 cells with si-circ_0005276 transfection was partially repressed 
by si-circ_0005276 + miR-128-3p inhibitor, while the expression of Bcl-2 depleted 
in cells containing si-circ_0005276 was partially restored in cells containing si-
circ_0005276 + miR-128-3p inhibitor (Fig. 3G and H). These results demonstrated 
that circ_0005276 regulated PCa development by targeting miR-128-3p.

DEPDC1B was Targeted by miR‑128‑3p

We next investigated the target genes of miR-128-3p. The binding site between 
miR-128-3p and WT-DEPDC1B 3’UTR was predicted by bioinformatics tool 
targetscan (Fig.  4A). In dual-luciferase reporter assay, miR-128-3p mimic and 
WT-DEPDC1B-3’UTR transfection markedly diminished luciferase activity 
in LNCaP and DU145 cells (Fig. 4B and C). DEPDC1B was strikingly overex-
pressed in PCa tumor tissues by qPCR and western blot assays (Fig. 4D and F), 
and DEPDC1B expression was negatively associated with miR-128-3p expres-
sion (Fig. 4E). As expected, the expression of DEPDC1B was enhanced in PCa 

Fig. 5   MiR-128-3p enrichment-inhibited proliferation, migration, invasion, and angiogenesis were recov-
ered and were restored by DEPDC1B overexpression. The following assays were performed in LNCaP 
and DU145 cells with miR-128-3p mimic, miRNA NC, miR-128-3p mimic + pc-DEPDC1B, or miR-
128-3p mimic + pc-NC transfection. A and B Cell proliferation was examined using CCK-8 assay and 
EdU assay. C and D Cell migration and cell invasion were examined using transwell assay. E The ability 
of angiogenesis was examined by tube formation assay. F Cell apoptosis was examined by flow cytom-
etry assay. G and H The protein levels of Bax and Bcl-2 were measured by western blot. *P < 0.05
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cell lines (LNCaP and DU145) compared with that in non-cancer cells (RWPE-1) 
by western blot assay (Fig. 4G). DEPDC1B expression was strikingly increased 
in LNCaP and DU145 cells transfected with pc-DEPDC1B relative to pc-NC 
(Fig. 4H). DEPDC1B expression was strikingly declined in LNCaP and DU145 
cells containing miR-128-3p mimic but largely recovered in cells containing miR-
128-3p mimic + pc-DEPDC1B (Fig. 4I). These results suggested that DEPDC1B 
was a target of miR-128-3p.

MiR‑128‑3p Inhibited the Progression of PCa In Vitro by Suppressing DEPDC1B

In terms of function, cell viability, proliferation, migration, invasion, and angio-
genesis were prominently depleted in LNCaP and DU145 cells with miR-128-3p 
mimic transfection compared to miRNA NC, while these malignant cell behaviors 
were partly recovered in LNCaP and DU145 cells transfected with miR-128-3p 
mimic + pc-DEPDC1B compared to miR-128-3p mimic + pc-NC (Fig.  5A–E; Fig. 
S3A–D). In addition, miR-128-3p restoration-induced cell apoptosis was largely 
suppressed by DEPDC1B overexpression (Fig. 5F). Moreover, Bax expression ele-
vated in LNCaP and DU145 cells introduced with miR-128-3p mimic was partially 
repressed in cells introduced with miR-128-3p mimic + pc-DEPDC1B, while the 
expression of Bcl-2 was opposite to Bax expression (Fig. 5G and H). These results 
indicated that miR-128-3p restoration inhibited PCa development in vitro by seques-
tering DEPDC1B.

Circ_0005276 Positively Regulated DEPDC1B Expression by Targeting miR‑128‑3p

Interestingly, we discovered that DEPDC1B expression was strikingly decreased 
in LNCaP and DU145 cells by si-circ_0005276 transfection relative to si-NC, 
while DEPDC1B expression was largely recovered in LNCaP and DU145 
cells after si-circ_0005276 + miR-128-3p inhibitor transfection relative to si-
circ_0005276 + inhibitor NC (Fig.  6A). Moreover, DEPDC1B expression in PCa 

Fig. 6   The expression of DEPDC1B was inhibited by si-circ_0005276 but recovered by miR-
128-3p inhibitor in LNCaP and DU145 cells. A The expression of DEPDC1B protein in LNCaP and 
DU145 cells introduced with si-circ_0005276, si-NC, si-circ_0005276 + miR-128-3p inhibitor, or si-
circ_0005276 + inhibitor NC. B The correlation between circ_0005276 expression and DEPDC1B 
expression in PCa. *P < 0.05
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samples was positively correlated with circ_0005276 expression (Fig.  6B). These 
results hinted that circ_0005276 functioned as miR-128-3p sponge to enrich the 
expression of DEPDC1B.

Fig. 7   The PI3K/AKT signaling pathway was inhibited by circ_0005276 knockdown. A The lev-
els of p-PI3K and p-AKT in LNCaP and DU145 cells overexpressing DEPDC1B. B The protein 
levels of p-PI3K and p-AKT in LNCaP and DU145 cells containing si-circ_0005276, si-NC, si-
circ_0005276 + miR-128-3p inhibitor, or si-circ_0005276 + inhibitor NC. *P < 0.05

Fig. 8   Circ_0005276 knockdown inhibited solid tumor growth. A and B Tumor volume was weekly 
measured, and tumor tissues were excised after 4 weeks to measure tumor weight. C The expression of 
circ_0005276 in tumor tissues. D The expression of miR-128-3p in tumor tissues. E The expression of 
DEPDC1B protein in tumor tissues. *P < 0.05
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Circ_0005276 Knockdown Inhibited the Activity of the PI3K/AKT Signaling

The activation of the PI3K/AKT pathway was closely associated with can-
cer development. Interestingly, we found that the phosphorylation levels of PI3K 
and AKT were obviously elevated by DEPDC1B overexpression in LNCaP and 
DU145 cells (Fig. 7A). In addition, the phosphorylation levels of PI3K and AKT 
were strikingly decreased in LNCaP and DU145 cells by si-circ_0005276 relative 
to si-NC, while the phosphorylation levels of PI3K and AKT were partly restored 
in cells with si-circ_0005276 + miR-128-3p inhibitor cotransfection compared to 
si-circ_0005276 + inhibitor NC (Fig.  7B). The data suggested that circ_0005276 
knockdown inhibited the activity of the PI3K/AKT pathway by enriching 
miR-128-3p.

Circ_0005276 Knockdown Suppressed Solid Tumor Growth In Vivo

Animal study was conducted to determine the role of circ_0005276 in  vivo. The 
results showed that circ_0005276 downregulation significantly suppressed tumor 
growth, resulting in poor tumor volume and tumor weight (Fig. 8A and B). Moreo-
ver, in sh-circ_0005276-introduced tumor samples, the expression of circ_0005276 
and DEPDC1B was strikingly declined, while the expression of miR-128-3p was 
strikingly reinforced (Fig. 8C–E), suggesting that circ_0005276 knockdown inhib-
ited the expression of DEPDC1B by increasing miR-128-3p, thus suppressing tumor 
growth.

Discussion

Our present study discovered the upregulation of circ_0005276 in PCa. 
Circ_0005276 downregulation significantly inhibited PCa growth and development. 
Mechanism analyses disclosed that circ_0005276 indirectly upregulated the expres-
sion of DEPDC1B by targeting miR-128-3p. Moreover, we found that circ_0005276 
governed the miR-128-3p/DEPDC1B axis to regulate the activity of the PI3K/AKT 
signaling, thus contributing to the development of PCa.

Accumulating studies illustrate that circRNAs can act as either oncogenic drivers 
or tumor suppressors in cancer development (Chen and Huang 2018). For instance, 
circ_0016068 was strongly expressed in PCa, and circ_0016068 promoted PCa cell 
growth and invasion (Li et  al. 2020). Circ_0001427 harbored lower expression in 
PCa tissues, and circ_0001427 upregulation blocked PCa cell proliferation and inva-
sion (Wu et  al. 2019). As for circ_0005276, it was declaimed to be highly regu-
lated in PCa, and the knockdown of circ_0005276 restricted PCa cell proliferation, 
migration, and invasion (Feng et al. 2019). Consistent with these data, we noticed 
that circ_00052765 knockdown substantially sequestered the ability of angiogenesis 
and promoted cell apoptosis. Circ_0005276 was also reported to be upregulated in 
epithelial ovarian cancer tissues, and circ_0005276 knockdown largely attenuated 
cancer cell migration (Liu et al. 2020). These data stated that circ_0005276 might 
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be an oncogenic driver in various cancers. Furthermore, we found that circ_0005276 
knockdown reduced the phosphorylation levels of PI3K and AKT, suggesting that 
circ_0005276 knockdown inactivated the PI3K/AKT signaling. Accumulating stud-
ies unveiled that the activation of PI3K/AKT signaling was linked to the progres-
sion of multiple cancers (Chen et  al. 2016; Mirza-Aghazadeh-Attari et  al. 2020), 
and targeting PI3K/AKT signaling pathway might be an effective strategy for cancer 
therapy (Mirza-Aghazadeh-Attari et al. 2020). Herein, we found that circ_0005276 
deregulation regulated the activity of the PI3K/AKT signaling pathway, thus affect-
ing PCa progression.

Circ_0005276 functioned as miR-128-3p sponge and suppressed miR-128-3p 
expression. Previous studies clarified that miR-128-3p expression was markedly 
declined in invasive PCa cell lines relative to benign prostate epithelial cells, and the 
deficiency of miR-128-3p promoted PCa cell invasion (Khan et al. 2010). Besides, 
miR-128-3p restoration strengthened PCa cell chemosensitivity (Sun et al. 2015). In 
addition, miR-128-3p was deemed to be targeted by TUG1, and miR-128-3p inhibi-
tion promoted PCa cell proliferation and invasion that were suppressed by TUG1 
knockdown (Hao et  al. 2020). In agreement with these findings, we also verified 
the tumor-suppressive role of miR-128-3p in PCa and discovered that miR-128-3p 
absence recovered PCa cell proliferation, migration, invasion, and angiogenesis that 
were blocked by circ_0005276 knockdown, suggesting that circ_0005276 promoted 
PCa malignant characteristics by targeting miR-128-3p.

DEPDC1B was screened as a target of miR-128-3p in our study. The upregula-
tion of DEPDC1B was identified in PCa tissues, and elevated DEPDC1B expres-
sion predicted the advanced stage of PCa, lymph node metastasis, and short survival 
time (Bai et al. 2017). Besides, DEPDC1B was closely linked to the metastasis sta-
tus of PCa, and DEPDC1B promoted epithelial–mesenchymal transition (EMT) to 
induce PCa cell migration and invasion (Chen et al. 2020). Considering the impor-
tance of DEPDC1B in PCa development, we further noticed that miR-128-3p resto-
ration-inhibited PCa cell proliferation, migration, invasion, and angiogenesis were 
largely restored by DEPDC1B overexpression, indicating that miR-128-3p inhib-
ited the expression and function of DEPDC1B. Besides, DEPDC1B overexpression 
markedly enhanced the phosphorylation levels of PI3K and AKT, hinting its high 
expression activated the PI3K/AKT signaling pathway. More importantly, we identi-
fied that DEPDC1B level was notably sequestered by circ_0005276 knockdown but 
recovered by miR-128-3p inhibition, hinting that circ_0005276 acted as miR-128-3p 
sponges to regulate the expression of DEPDC1B.

Conclusion

Circ_0005276 was an oncogenic driver in PCa, and circ_0005276 promoted PCa 
development by promoting PCa cell proliferation, migration, invasion, and angio-
genesis. Our study provided convincing evidence for the first time that circ_0005276 
aggravated the progression of PCa by modulating the miR-128-3p/DEPDC1B 
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pathway at least in part. We supposed that circ_0005276 was a key regulator that 
contributed to the diagnosis and treatment of PCa.
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