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CircBIRC6 affects prostate cancer progression by regulating miR-574-5p and DNAJB1
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ABSTRACT
Background: Prostate cancer (PCa) is among the three main types of cancer. Although prostate-specific 
antigen (PSA) is routinely tested, it has disadvantages, such as poor prognostic ability. Therefore, finding 
more PCa markers and therapeutic targets remains a subject of study. CircRNAs have been found to have 
regulatory roles in various diseases, such as diabetes, Central Nervous System (CNS) neuropathy, etc. 
where their application in cancer is even more valuable. Therefore, this paper aims to search for 
differentially expressed circRNAs in PCa and find downstream targeting pathways related to autophagy.
Method: By detecting the expression of circRNA in the samples, hsa_circ_0119816 was finally identified 
as the research target. The properties of circRNA were verified by RNase R, actinomycin D, and fluores-
cence in situ hybridization (FISH). The downstream target miRNAs and target proteins were predicted by 
an online database, and the targeting relationship was verified using dual luciferase and RNA 
Immunoprecipitation. The effects of circRNAs and their downstream signalling pathways on prostate 
cancer cell proliferation, migration, EMT and autophagy were examined by CCK-8, Transwell, immuno-
fluorescence and Western blotting.
Results: CircBIRC6 is highly expressed in prostate cancer samples. Knockdown of its expression inhibits 
cell proliferation, invasion, EMT and autophagy and promotes apoptosis. CircBIRC6/miRNA-574-5p/ 
DNAJB1 is a molecular axis that regulates prostate cancer cells.
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Introduction

Prostate cancer (PCa) is one of the top three cancers in terms of 
incidence, and it has been added as one of the leading cancers 
worldwide due to the increase in both new cases and deaths in 
recent years.1 PCa is second only to lung cancer in the number 
of new cases of cancer, significantly as age increases, with more 
than 50% of men over the age of 75 suffering from PCa.2 

According to recent statistics, the incidence of PCa is still 
increasing, with nearly 300,000 new cases in 2023.3

Currently, puncture biopsy, MRI and prostate-specific anti-
gen (PSA) are routine diagnostic modalities, and PSA is the 
most widely used for PCa.4 Prostate-specific antigen (PSA) has 
limited prognostic ability, and conditions, including hyperpla-
sia and inflammation, might cause abnormalities in the testing 
procedure.5 Surgery, chemotherapy and radiotherapy are the 
main clinical options for PCa.6 Early treatment tends to be 
more efficient. After metastasis develops in PCa patients, the 
majority experience a poor prognosis and decreased survival 
rates. In recent years, there have been many explorations of 
PCa treatment, such as nanotechnology,7 immunotherapy,8 

etc. These methods are still inadequate for advanced PCa 
patients. Therefore, searching for more PCa biomarkers and 
therapeutic targets is significant.

CircRNAs are non-coding circular RNA molecules produced 
by reverse splicing of precursor mRNAs and are widely recog-
nized to play regulatory roles in diseases.9 CircRNA-related 
research has been a hotspot in several disease areas, such as 
diabetes, central neuropathy, and cancer. Especially in malignant 
tumors, circRNAs are considered to have important research 
value. Review articles point out that circRNAs are potential 
therapeutic strategies in treating endocrine cancer types, such 
as thyroid cancer (TC)10,11 and breast cancer (BC).12 

CircRNA102231 is highly expressed in gastric cancer and pro-
motes the progression of gastric cancer.13 CircRNA104348 can 
regulate the progression of hepatocellular carcinoma by spong-
ing on miRNAs and their targeting proteins.14 In addition, in 
PCa, circRNAs have been shown to influence its occurrence in 
various ways. CircARHGAP29 in PCa can influence drug resis-
tance in therapy.15 CircPDE5A regulates metastasis in PCa 
through methylation.16 CircSMARCC1 influences the 
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proliferation of PCa cells through crosstalk of its molecular axis 
on macrophages.17 Therefore, investigating the regulatory 
mechanisms of circRNAs in PCa is imperative for discovering 
additional biomarkers and therapeutic targets.

Autophagy is a major biological process in programmed 
cell death that maintains homeostasis of the internal envir-
onment. Dysregulation of autophagy leads to many dis-
eases, such as Alzheimer’s disease, diabetes, and 
cardiovascular disease.18 Autophagy has a dual role in 
cancer.19 On the one hand, autophagy exerts an inhibitory 
function on tumors, especially in the early stages. 
Autophagy can suppress cancer by modifying the tumor 
microenvironment by inhibiting inflammation and tissue 
injury.20 On the other hand, autophagy promotes cancer 
metastasis. During the late stages of cancer, autophagy 
serves the cells’ metabolic requirements and enhances the 
viability of tumor cells.21 In addition to the different reg-
ulation of autophagy at various stages of cancer, the mole-
cular mechanisms that autophagy regulates together with 
circRNAs also have potential. It has been demonstrated 
that regulating circRNAs and autophagy can affect che-
moresistance in gastric cancer treatment.22 CircRNAs can 
sponge miRNAs and activate autophagy-related signalling 
pathways. It can also directly regulate autophagy-related 
proteins. Therefore, studying the relationship between 
circRNA and autophagy in PCa can provide a potential 
scientific basis for therapeutic modalities.

This paper aims to investigate the regulatory mechanisms of 
circRNAs in PCa, discover their sponge-acting miRNAs and 
regulatory pathways, and explore their relationship with 
autophagy. This study hopes to provide new strategies for 
treating and detecting PCa.

Method and materials

Clinical sample organisation and cell culture

All 23 clinical samples were collected from patients. All 
patients were those who had not received any treatment, 
such as chemotherapy or radiotherapy and were patholo-
gically diagnosed with prostate cancer or prostate hyper-
plasia. The study was authorized by the Ethics Committee 
of Kunming Medical University. Patient information was 
detailed in Supplementary Table S1. The cells used in this 
part of the study were purchased from the Institute of Cell 
Research, Chinese Academy of Sciences. Human normal 
prostate epithelial cells (RWPE-1) and human prostate 
cancer cell lines (22RV1, C4–2, PC-3, DU145) were 
grown in RPMI-1640 medium containing 10% fetal bovine 
serum and 1% streptomycin-penicillin double antibody, 
and cultured in a constant temperature incubator at 37°C.

qPCR

Cells in different groups were centrifuged, and total RNA 
was extracted using a Trizol reagent. cDNA synthesis kit was 
used for reverse transcription, synthesized cDNA, and con-
centration was determined. The assay was performed 
according to the instructions of the fluorescence 

quantification kit. The primer sequences are shown in 
Supplementary Table S2. The amplification conditions 
were set as follows: pre-denaturation, 95°C, 30 s; denatura-
tion, 95°C, 15 s; and extension, 75°C, 15 s. The reaction was 
carried out for 40 cycles. At the end of the reaction, the 
relative expression was calculated using the 2−ΔΔt method 
with GAPDH as the control.

Actinomycin D

After digestion, centrifugation and resuspension treat-
ments, cells were inoculated into six-well plates. 
Actinomycin D (Sigma, USA) was configured as a stock 
solution. When the cell confluence reached 80%, 1 ml of 
PBS was added to clean the cell surface, and then 2ug/ml 
actinomycin D was added to each well. Cells were collected 
at 0 h, 4 h, 8 h, 12 h and 24 h, and the expression level was 
measured at each time point.

RnaseR

After collecting the cells, RNA was extracted with Trizol, 
the concentration was diluted to 500 ng/ul, and tested 
using the RNaseR kit (Geneseed, China). The experiment 
was divided into RNaseR+ and RNaseR- according to the 
instructions. The two groups were placed in a water bath 
system and incubated at 37°C for 30 min. After the inacti-
vation of RNaseR, a reverse transcription reaction was 
carried out, after which the expression level was 
determined.

Fluorescence in situ hybridisation (FISH)

The probe was designed and synthesized by the company 
(Ribobio, China). Cells were digested, centrifuged for dilu-
tion, and then inoculated into six-well plates. Experiments 
were performed after the cells reached 60% confluence. The 
cells were rinsed with 1 ml of PBS and fixed with 4% 
Paraformaldehyde at room temperature. After washing, the 
hybridization solution containing the probe was added and 
stored at 42°C overnight. The cells were washed with PBS 
and co-incubated with antibodies. Finally, DAPI was added 
to stain the cells, and the images were observed and captured 
under a fluorescence microscope.

Cell transfection

The overexpression vectors and their control empty vectors, 
siRNA and their negative controls involved in this paper were 
purchased from the company (Ribobio, China). The cells were 
digested and centrifuged. The cell precipitate was resuspended 
to prepare a cell suspension. The cell suspension was inocu-
lated into a six-well plate and incubated for 24 h. A cell con-
fluence of 80% is required for transfection. Transfection was 
performed using 5ul Lipofectamine 3000 (Thermo Fisher, 
USA). The transfection reagent was added to the cells and 
incubated in an incubator for 6 h. The transfected cells were 
collected by centrifugation for subsequent experiments.
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CCK-8

Cells were digested, centrifuged, and then inoculated into 96- 
well plates with 100ul of cell suspension per well to set the time 
point. After cell apposition, remove the 96-well plate at 24 h 
time point. After adding CCK8 solution (Yeasen, China), the 
plate was incubated at 37°C for 2 h at a constant temperature, 
and the OD value was measured at 450 nm at the end.

Flow cytometry

The cells were digested and processed for centrifugation at 
1000rpm/5 min. The cell suspension was prepared by resuspend-
ing the cells after aspirating the supernatant. The cell suspension 
was fixed and centrifuged again. Propidium iodide staining solu-
tion was prepared and added to the samples. PBS was added to 
the samples for 1500rpm/5 min, and after thorough mixing, the 
samples were placed on a flow cytometer to detect the cell cycle.

Transwell

The cells were digested and placed into a centrifuge tube. The 
cell suspension was removed and added to the upper chamber 
of the Transwell chambers (Corning, USA). The FBS medium 
(Thermo-Fisher Scientific, USA) was added to the lower cham-
ber. The Transwell was incubated in an incubator for 24 h, and 
the upper chamber was removed. The cells of the upper cham-
ber were gently wiped off using a cotton swab and then washed 
with PBS. Transwell chambers were fixed using paraformalde-
hyde for 30 min. After washing again, a crystal violet staining 
solution was added for staining. The cells were observed under 
a microscope, and images were collected.

Immunofluorescence

Cells were subjected to plate spreading operation followed by 
fixation using 4% paraformaldehyde for 30 min and then 
washed using PBS. After permeabilisation of the cells using 
PBS diluent, they could be closed with a closure solution for 30  
min at room temperature. Dropwise addition of primary anti-
body was incubated overnight, followed by the addition of 
secondary antibody and left to stand at room temperature. 
Nuclei were stained using Dapi, incubated at room tempera-
ture, and protected from light. After a final wash with PBS, 
images were observed under a confocal microscope. The anti-
body information was shown in Supplementary Table S3.

Western blotting

Cells were digested and centrifuged, the supernatant was aspi-
rated, and PBS was added to resuspend the cells. Cells were 
lysed using RIPA lysate (Solarbio, China) to extract total pro-
teins. SDS-PAGE electrophoresis was used to separate the 
protein samples. Gel was made first, and after 15 min of rest-
ing, the protein samples were prepared for uploading. After 
uploading the samples, a protein maker was added, and elec-
trophoresis was performed. Afterward, the membrane was 
transferred to the PVDF membrane and closed using 5% 
BSA. After sealing, they were incubated with primary 

antibodies overnight. After washing, the membrane was incu-
bated with a secondary antibody. After developmental ima-
ging, average gray values were calculated using ImageJ. The 
antibody information is shown in Supplementary Table S4.

Dual luciferase

The plasmids used were designed and synthesized by the 
Company (RiboBio, China). Refer to the instructions of the 
luciferase assay kit for experiments. Cells were digested, cen-
trifuged and left at 50%-60% density, then transfected with 
mimics and mutant plasmids using Lipofectamine 3000 
(Invitrogen, USA). Cells were collected after 48 h, and the 
luciferase activity was detected by the Dual-Luciferase System.

RNA immunoprecipitation (RIP)

Cells were lysed using RIP buffer. DNase (Sigma, USA) was 
added to the lysate to remove DNA. Anti-Ago2 and anti-IgG 
(Sigma, USA) were added to the supernatant from the above 
steps and incubated at 4°C for 16 h. Assays were performed 
using the RIP kit. The cell lysate was co-incubated with anti-
body magnetic beads for anti-Ago2 and anti-IgG. 
Subsequently, ProteinA/G magnetic beads and polysome lysis 
buffer were added, shaken well, and the supernatant was dis-
carded. The RNA bound to the beads was eluted, and the RNA 
was extracted using Trizol for reverse transcription and qPCR.

Statistical analysis

The experimental data were statistically analyzed using 
GraphPad Prism 9 (GraphPad Prism, USA). Statistical differ-
ences between the control and experimental groups were ana-
lyzed by t-test or one-way and two-way ANOVA tests.

Results

Prediction and validation of BIRC6-related CircRNAs

CircRNAs related to BIRC6 were screened in the CircBase 
database(Supplementary Table S5). Expression was verified in 
clinical samples and differentially expressed circBIRC6 
with statistically significant differences were screened 
(Supplementary Table S6, Figure S1). The result found that 
hsa_circ_0119816 was the most significantly differentially 
expressed circRNA (***p < .001), named circBIRC6 for subse-
quent experiments. (Figure 1a). We detected the expression of 
circBIRC6 in human normal prostate epithelial cells (RWPE-1) 
and human prostate cancer cells (22RV1, C4–2, PC-3, and 
DU145), respectively, and chose the highest- and lowest- 
expressing PC cells for the further experiments (Figure 1b). To 
explore the tolerance of circ_0119816 and its cognate linear 
RNA BIRC6 to RNase R, we conducted RNase R experiments. 
RNase R results illustrated that circRNA expression was not 
significantly changed (p > .05), whereas the expression of 
mRNA (BIRC6) was dramatically reduced after RNase 
R treatment (Figure 1c). To explore the stability of circRNA, 
we performed Actinomycin D experiments. The expression of 
BIRC6 was significantly reduced by the addition of Actinomycin 
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D (Figure 1d). These results showed that circBIRC6 is more 
stable than BIRC6 mRNA. Finally, it was illustrated by fluores-
cence in situ hybridization (FISH) that circBIRC6 was mainly 
localized in the cytoplasm of PC-3 and C4–2 (Figure 1e).

Effect of CircBIRC6 on the malignant phenotype of PC cells

To verify the effects of knockdown and overexpression of 
CircBIRC6 on PC cells, we transfected sh-CircBIRC6 and 
pcDNA3.1-circ BIRC6 in PC-3 and C4–2, respectively. qPCR 
was used to verify the transfection efficiency, and CircBIRC6 
expression was decreased after the transfection of sh- 
CircBIRC6. Transfection of pcDNA3.1-circ BIRC6 increased 
the expression of CircBIRC6 after transfection, and the 
results indicated that the transfection was successful 
(Figure 2a). Subsequently, we illustrated the specific effects 
of CircBIRC6 on the phenotype of PC cells through experi-
ments. First, we used CCK-8 assay and Transwell assay, and 

the knockdown of CircBIRC6 inhibits the cell viability and 
invasion cell counts of PC-3 cells. In C4–2 cells, overexpres-
sion promoted these (Figure 2b,c). Detecting apoptosis by 
flow cytometry, we found that the apoptosis rate increased in 
PC-3 cells after transfection with sh-CircBIRC6 and 
decreased in C4–2 cells after transfection with 
pcDNA3.1-CircBIRC6 (Figure 2e). Subsequently, we investi-
gated the EMT of the cells by fluorescent staining. The 
results showed that reduced CircBIRC6 expression inhibited 
EMT in PC-3 cells, as evidenced by an increase in 
E-Cadherin and a decrease in N-Cadherin and Vimentin. 
The opposite result was observed after overexpression of 
CircBIRC6 in C4–2, which inhibited the development of 
EMT, as evidenced by a reduction in E-Cadherin and an 
increase in N-Cadherin and Vimentin. In addition, we exam-
ined the expression of autophagy markers (Figure 2e, Figure 
S2). By fluorescence staining of LC3, it was found that 
inhibition of CircBIRC6 expression led to a decrease in 

Figure 1. Identification of circBIRC6 (has_circ_0119816) from clinical samples and experimental validation of circBIRC6 properties. (a) qPCR of the expression of 
different circRNAs in the clinical samples, n=3. (b) qPCR of different circRNABIRC6 expression in different cell lines, n=3. (c) RNase R experiments verified the properties 
of circBIRC6, n=3 (d) Actinomycin D experiments validate the properties of circBIRC6, n=3 (e) FISH experiments validate the localization of circBIRC6 in cells, n=5, scale 
bar=20um n.s, no significant, ****p<.0001, ***p < .001, **p < .01 and *p < .05
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LC3 expression, while overexpression showed the opposite 
result (Figure 2e, Figure S2). Western blot results showed 
a reduction in the expression of Beclin1, Atg5, and Atg12 
and an increase in the expression of SQSTM1 after the 
decrease in CircBIRC6 (Figure 2f). These results suggested 
that the knockdown of CircBIRC6 inhibits proliferation, 
invasion, EMT and autophagy and promotes apoptosis. 
However, overexpression of CircBIRC6 resulted in the 
opposite.

Prediction and validation of CircBIRC6 downstream 
targets

First, we predicted Circ BIRC6 downstream miRNA through 
the CircInteractome database. We predicted the target 
mRNA of downstream miRNA through Starbase. The bind-
ing sites are shown in the figure (Figure 3a), downloaded 
autophagy-related genes from the HADb database and took 
the intersection with miRNA-574-5p to get 21 intersected 
genes, and DNAJB1 was selected as the target site for 

Figure 2. Effects of circBIRC6 on prostate cancer cell lines. (a) Transfection efficiency of circBIRC6-related plasmids, n=3 (b) CCK-8 experiments illustrate the effect of 
circBIRC6 on cell proliferation, n=3 (c) Transwell assay for the effect of circBIRC6 on cell migration, n=3 (d) Effect of circBIRC6 on cellular regulation detected by flow 
cytometry, n=3 (e) Statistical results of immunofluorescence (EMT markers and LC3), n=5 (f) Western blotting was used to detect the expression of key proteins of 
autophagy, n=3 n.s, no significant, ****p<.0001, ***p < .001, **p < .01 and *p < .05
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subsequent study (Figure 3b, Supplementary Table S7). The 
associated fluorescence activities of wild-type circBIRC6 and 
DNAJB1 were found to be suppressed after transfection of 
miR-574-5p mimics by dual luciferase, which verified that 
the targeting relationship between them was established 
(Figure 3c). RNA Immunoprecipitation (RIP) results illu-
strated that CircBIRC6 and miR-574-5p were significantly 

enriched in the anti-AGO2 group, verifying their relation-
ship between interactions (Figure 3d). The expression of 
miR-574-5p regulated CircBIRC6 was detected by qPCR 
(Figure 3e). The results showed that the expression of 
CircBIRC6 was decreased and increased after transfection of 
miR-574-5p inhibitor and mimics in PC-3 and C4–2 cells, 
respectively. Western blotting showed a decrease in DNAJB1 

Figure 3. Prediction and validation of circBIRC6 targeting downstream. (a) Binding target prediction downstream of circBIRC6 targeting (b) Intersection of circBIRC6- 
targeted miRNAs with autophagy-related genes (c) Dual luciferase validates targeting relationships (d) RNA Immunoprecipitation (RIP) validates targeting relationships 
(e) Expression of circBIRC6 after transfection with miRNA mimics and inhibitors by qPCR (f) Expression of DNAJB1 after transfection with miRNA mimics and inhibitors 
by western blotting n.s, no significant, ****p<.0001, ***p < .001, **p < .01 and *p < .05, n=3
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expression after increasing miR-574-5p expression; the results 
were reversed after transfection with an inhibitor (Figure 3f). 
These results consistently demonstrated the targeting relation-
ship between Circ BIRC6/miRNA-574-5p/DNAJB1.

Effect of Circ BIRC6/miRNA-574-5p/DNAJB1 for PC cells

After discovering and validating the targeting relationships 
of CircBIRC6, miR-574-5p and DNAJB1, we further 

investigated their effects on PC cells. First, transfection 
efficiency was detected by qPCR and Western blotting 
(Figure 4a). The expression of miRNA-574-5p was 
increased after transfection of miRNA-574-5p mimic in 
PC-3 cells but decreased by transfection of 
pcDNA3.1-Circ BIRC6. The expression of DNAJB1 was 
increased after transfection of miRNA-574-5p inhibitor in 
C4–2 cells and restored after transfection of sh-DNAJB1. 
These results indicated that transfection was successful. 
After transfection with miR-574-5p mimic, cell viability 

Figure 4. Effect of CircBIRC6/miRNA-574-5p/DNAJB1 manipulation on PC cells. (a) Transfection efficiency of plasmids by qPCR and Western blotting, n=3 (b) CCK-8 
experiments illustrate the effect of Circ BIRC6/miRNA-574-5p/DNAJB1 on cell proliferation, n=3 (c) Transwell assay for the effect of Circ BIRC6/miRNA-574-5p/DNAJB1 
on cell migration, n=3 (d) Effect of Circ BIRC6/miRNA-574-5p/DNAJB1 on cellular regulation detected by flow cytometry, n=3 (e) Statistical results of immunofluor-
escence (EMT markers and LC3), n=5 (f) Western blotting to detect the expression of key proteins of autophagy, n=3 n.s, no significant, ****p<.0001, ***p < .001, **p < 
.01 and *p < .05
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and the number of invasion cells were reduced, and over-
expression of circBIRC6 reversed the changes they caused, 
suggesting a regulatory relationship between circBIRC6 and 
miRNA-574-5p. Next, cell viability and invasive cell num-
ber increased after transfection with miR-574-5p inhibitor, 
and the knockdown of DNAJB1 was able to reverse these 
effects (Figure 4b,c). As miR-574-5p increased, apoptosis 
also increased, and overexpression of circBIRC6 reduced 
apoptosis. As miR-574-5p decreased, the apoptosis rate 
decreased, and the knockdown of DNAJB1 reverted the 
apoptosis rate of the cells (Figure 4d). Subsequently, we 
tested the cells for EMT and autophagy (Figure 4e,f, Figure 
S3). The experimental results of immunofluorescence and 
western blotting (Figure 4g) suggested that overexpression 
of miR-574-5p reduced cellular EMT and autophagy, and 
the addition of pcDNA3.1-CircBIRC6 was able to revert 
these abilities. Reduction of miR-574-5p could promote 
cellular EMT and autophagy, and these effects were inhib-
ited after the knockdown of DNAJB1. These results sug-
gested that miR-574-5p negatively regulates circBIRC6 and 
DNAJB1.

Discussion

PCa is mainly found in elderly males, and the number of 
people affected by PCa has been increasing worldwide. 
Although multiple diagnostic and therapeutic tools for 
PCa are available. However, the 5-year survival rate after 
treatment remains poor.23 Once a patient develops metas-
tasis, it implies a poor prognosis. Therefore, exploring 
new biomarkers and therapeutic targets in PCa is bene-
ficial in interfering with its regulatory mechanisms.

CircRNA is a closed-loop, non-coding RNA molecule. With 
the continuous research on circRNAs, increasing studies illustrate 
that cirRNAs influence the development of diseases, such as 
autoimmune diseases, cardiovascular diseases, and tumors. 
A retrospective study reported that patients with rheumatoid 
arthritis (RA) and systemic lupus erythematosus (SLE) showed 
many aberrant expressions of circRNAs.24 They can sponge on 
miRNAs and thus regulate apoptosis. Protein binding of 
circRNAs and lncRNAs is a promising therapeutic target in car-
diovascular diseases. CircRNAs alleviate myocardial infarction by 
regulating oxidative stress.25 Growing research has demonstrated 
that circRNAs contribute to the progression of cancer.26–28

Baculoviral IAP Repeat Containing 6 (BIRC6) protein is 
a potent predictor of prognosis in prostate cancer.29 BIRC6 
acts as an inhibitor of apoptosis and is a novel target for 
treating PCa.30 This paper identified several circRNAs related 
to BIRC6 and differentially expressed in PCa. Among them, 
has_circ_0119816 was statistically most significantly different 
in PCa. We named it circBIRC6 and verified that it affects the 
development of PCa cells. CircBIRC6 has been shown to 
regulate chemoresistance in pancreatic31 and ovarian 
cancers,32 and circBIRC6 promotes migration and invasion 
of non-small-cell lung cancer cells by sponging its miRNAs.33 

Our article found that circBIRC6 (has_circ_0119816) expres-
sion was upregulated in PCa. Experimental validation revealed 
that knockdown of circBIRC6 inhibited PCa cell proliferation, 

invasion, autophagy, Epithelial-Mesenchymal Transition 
(EMT), and promoted apoptosis.

CircBIRC6 has an irreplaceable research value in cancer; 
therefore, further studies of its regulatory network are still 
needed. CircRNAs and their regulatory axes have great clinical 
potential in various cancers. CircBCBM1 is up-regulated in 
breast cancer and promotes metastasis through the regulation 
of miR-125a and BRD4.34 CircRNA_101996 promotes cervical 
cancer growth and metastasis through miR-1236-3p and 
TRIM37 to promote cervical cancer growth and metastasis.35 

CircEZH2 promotes colorectal carcinogenesis through miR- 
133b and IGF2BP2.36 In this paper, we found and verified the 
targeting relationship, the negative regulatory relationship 
between circBIRC6 and miR-574-5p, and the relationship 
between miRNAs and their target protein, DNAJB1. We 
found that circBIRC6 affects biological processes such as pro-
liferation, autophagy, migration and invasion of PCa cells 
through miR-574-5p and DNAJB1. We found that circBIRC6 
positively regulates DNAJB1 through miR-574-5p. The pro-
motional function of circnBIRC6 on PCa cells could be 
restored and reversed by overexpression after the knockdown 
of miR-574-5p and DNAJB1.

In other studies on PCa, circRNAs were found to promote 
PCa through miR-515-5p and FKBP1A.37 CircRNA_100146 
was up-regulated in PCa and promoted PCa cell proliferation 
and metastasis by sponging up-regulation of TRIP13 by miR- 
615-5p.38 In addition, some circRNAs have an oncogenic role 
in cancer. For example, circDHRS3 is lowly expressed in PCa, 
and overexpression inhibits the proliferation and metastasis of 
prostate cancer cell lines.39 CircPHF16 inhibits prostate cancer 
metastasis through miR-581 and Wnt pathway.40

Growing research illustrates that miR-574-5p could be 
a promising therapeutic target in many human diseases, 
especially cancer. MiR-574-5p is a biomarker of non-small 
cell lung cancer in its early stage.41 It promotes cancer 
metastasis and invasion through downstream target 
proteins.42 In a study illustrating thyroid cancer, miR- 
574-5p regulates cancer progression through the Wnt 
protein signalling pathway.43 A research investigation on 
gastric cancer demonstrated that miR-574-5p ultimately 
regulates gastric cancer progression by modulating 
endothelial growth factor (VEGF), thereby affecting 
angiogenesis.44 Based on the two-sided regulatory role of 
miR-574-5p in multiple cancers. In our article, we inves-
tigated its regulatory role in PCa. We found that it inhibits 
the cancer-promoting effects of DNAJB1 by targeting 
DNAJB1. DNAJB1 serves as a therapeutic target in multiple 
cancers. Modulation of DNAJB1 in breast cancer may 
reverse chemotherapy resistance.45 DNAJB1 binds to 
other proteins in hepatocellular carcinoma, enabling its 
use as a drug target in hepatocellular cancers.46 

A proteomic analysis revealed that DNAJB1 could serve 
as a novel biomarker for cholangiocarcinoma.47

Overall, CircBIRC6 is significantly upregulated in PCa, 
and knockdown circBIRC6 can inhibit the proliferation, 
autophagy, migration, invasion, and EMT of PCa cells. 
Investigating circBIRC6/miR-574-5p/DNAJB1 could help 
provide a research strategy for treating PCa or discovering 
new biomarkers.
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