
Research Article

Kidney Blood Press Res 2023;48:45–55

Long Noncoding RNA HOXA-AS2 
Facilitates Prostate Cancer Progression 
by Inhibiting miR-885-5p to Upregulate 
KDM5B

Zhi Yang     Fan Zhang     Kai Cai     Jianxin Xu 

Department of Urology, The Sixth Hospital of Wuhan, Wuhan, China

Received: October 15, 2021
Accepted: June 20, 2022
Published online: November 18, 2022

Correspondence to: 
Jianxin Xu, jianxinxu6 @ 163.com

© 2022 The Author(s).
Published by S. Karger AG, Basel

Karger@karger.com
www.karger.com/kbr

DOI: 10.1159/000527140

Keywords
Long noncoding RNA · HOXA-AS2 · Prostate cancer ·  
miR-885-5p · KDM5B

Abstract
Introduction: The regulatory network of competing endog-
enous RNAs (ceRNAs) affects tumorigenesis. In this study, we 
aimed to investigate the mechanism by which long noncod-
ing RNA HOXA-AS2 promotes prostate cancer (PCa) progres-
sion. Methods: The expression levels of HOXA-AS2, miR-885-
5p, and KDM5B in PCa tissues and cell lines were evaluated 
by qRT-PCR or Western blotting. CCK-8 assay, caspase-3 ac-
tivity assay, flow cytometry, and scratch test revealed chang-
es in cell proliferation, caspase-3 activity, apoptosis, and mi-
gration, respectively. Luciferase and radioimmunoprecipita-
tion assays were used to evaluate the correlation among 
HOXA-AS2, miR-885-5p, and KDM5B expression profiles. Re-
sults: HOXA-AS2 expression level was elevated in PCa tissues 
and cells. Silencing of HOXA-AS2 suppressed proliferation 
and migration and facilitated apoptosis in PCa cells. HOXA-
AS2 competitively adsorbed miR-885-5p, thereby blocking 
the effect of HOXA-AS2 knockdown by the miR-885-5p in-
hibitor in PCa cells. Moreover, KDM5B, a target of miR-885-
5p, neutralized the function of miR-885-5p in PCa cells. Con-
clusion: This study revealed a potential ceRNA regulatory 

pathway in which HOXA-AS2 affects KDM5B expression lev-
els by sponging miR-885-5p to promote PCa development 
and progression. © 2022 The Author(s).

Published by S. Karger AG, Basel

Introduction

Prostate carcinoma (PCa) is a leading cancer world-
wide, especially in Western countries such as the USA [1]. 
Although the incidence of PCa in Asia is slightly lower 
than that in developed Western countries, it has been in-
creasing in recent years [2]. Advances in screening tech-
niques have increased the rate of early diagnosis of PCa 
[3]. However, there is still no recognized standard diag-
nostic method, and the study of the molecular and cellu-
lar mechanisms underlying PCa development is current-
ly a major research focus. Unraveling the molecular 
mechanisms promoting PCa is crucial and may offer dis-
ease-specific therapeutic opportunities.

Long noncoding RNAs (lncRNAs) are noncoding 
RNAs >200 nucleotides in length [4]. Studies have shown 
that abnormally expressed lncRNAs promote the occur-
rence and development of PCa and can be used as bio-
markers and therapeutic targets for the early diagnosis of 
PCa [5–8]. For instance, lncRNA MEG3 prevents the ma-
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lignancy of PCa in vitro [9], and enrichment of lncRNA 
CCAT1 in the cytoplasm facilitates the tumor growth of 
PCa in vivo and in vitro [10]. The lncRNA HOXA-AS2 is 
a regulatory factor related to tumor progression that was 
discovered in recent years. HOXA-AS2 is highly ex-
pressed in many carcinomas, such as colorectal cancer 
[11] and acute myeloid leukemia [12]. The carcinogenic-
ity of lncRNA HOXA-AS2 is mainly mediated via inhibi-
tion or promotion of the expression of related genes 
through direct or indirect pathways, suggesting that 
HOXA-AS2 may be a viable biomarker or therapeutic tar-
get in human cancers [13]. A previous study revealed that 
HOXA-AS2 promotes cell migration, invasion, and epi-
thelial-to-mesenchymal transition in PCa [14]. However, 
the mechanism of HOXA-AS2 in PCa is complex and re-
quires further exploration.

MicroRNAs (miRNAs) are noncoding RNAs that in-
hibit protein expression through base pairing, thus affect-
ing the process of mRNA translation or degradation [15]. 
The effects of miR-885-5p vary in different cancers. For 
example, miR-885-5p promotes malignancy in gastric 
cancer [16] but suppresses progression in osteosarcoma 
[17]. However, the detailed effect of miR-885-5p in PCa 
has not been elucidated. As noncoding lncRNAs and pro-
tein-coding mRNAs have miRNA response elements that 
can bind miRNAs, they compete for limited miRNAs and 
form a competitive endogenous RNA (ceRNA) regula-
tory network [18]. miR-885-5p has been found to regu-
late this regulatory mechanism in cancer. Gao et al. [19] 
revealed that HSP90AA1-IT1 shares the same binding 
site with CDK2, a key regulator of glioma formation, and 
competitively binds to miR-885-5p. In addition, a previ-
ous study showed that HOXA-AS2 acts as a ceRNA to 
regulate miR-885-5p expression, thereby regulating glio-
blastoma carcinogenesis [20]. However, the mechanism 
by which HOXA-AS2 regulates miR-885-5p to mediate 
PCa remains unknown.

KDM5B is a Jumonji C domain-containing histone 
demethylase belonging to the KDM5 family that is close-
ly related to tumor progression [21]. KDM5B is upregu-
lated in multiple cancers, such as breast cancer [22], gas-
tric cancer [16], and ovarian cancer [23]. KDM5B is over-
expressed in PCa, and KDM5B knockdown significantly 
suppresses the malignancy of PCa cells [24, 25]. However, 
the upstream mechanism through which KDM5B con-
tributes to PCa remains unclear.

Based on the results of previous studies, we hypothesized 
that the HOXA-AS2/miR-885-5p/KDM5B axis may par-
ticipate in PCa progression via a ceRNA mechanism. Our 
findings may provide novel insights into PCa progression.

Materials and Methods

Collection of Tissue Samples and Cell Culture
PCa and adjacent non-tumor tissues were collected from 34 

patients diagnosed with PCa at our hospital between May 2016 and 
September 2018. The baseline clinical characteristics of the pa-
tients are listed in online supplementary Table 1 (for all online 
suppl. material, see www.karger.com/doi/10.1159/000527140). 
This study was approved by the Ethics Committee of our hospital 
and sought informed consent from the patients.

All cell lines were obtained from the American Type Culture 
Collection (ATCC, USA). A human prostatic epithelial cell line 
(RWPE1) was cultured in keratinocyte serum-free medium (Invi-
trogen, USA) containing EGF (Invitrogen) and bovine pituitary 
extract (Invitrogen), whereas the PCa cell lines (22RV1, DU145, 
and LNCaP) were cultured in Dulbecco’s modified Eagle’s medi-
um (Thermo Fisher Scientific, USA) containing 10% fetal bovine 
serum (Thermo Fisher Scientific) and 1% penicillin/streptomycin 
(Thermo Fisher Scientific). All the cells were incubated at 37°C 
with 5% CO2.

Cell Transfection
siRNA plasmids used to silence HOXA-AS2/KDM5B (si-

HOXA-AS2/si-KDM5B), negative control siRNA (si-NC), HOXA-
AS2 overexpression (OE-HOXA-AS2), OE-NC, miR-885-5p 
mimic/inhibitor, mimic-NC, and inhibitor-NC were obtained 
from GenePharma (Shanghai, China). Using Lipofectamine® 
2000 (Thermo Fisher Scientific), 22RV1 and DU145 cells (∼70% 
confluent) were transfected with 50 nM si-HOXA-AS2 or si-KD-
M5B, 2 μg/mL OE-HOXA-AS2, 50 nM miR-885-5p mimic or in-
hibitor, and corresponding negative control plasmids including 50 
nM si-NC, 50 nM mimic-NC, and 50 nM inhibitor-NC or 2 μg/mL 
OE-NC at 37°C and 5% CO2. After 48 h, qRT-PCR was performed 
to confirm the transfection efficiency.

qRT-PCR
Total RNA was extracted using TRIzol® (Invitrogen, USA) re-

agent. After extraction, the RNA was reverse transcribed using a 
GoldScript One-Step RT-PCR Kit (Applied Biosystems Inc., USA), 
and qRT-PCR was performed using a SYBR® Premix Ex Taq II 
PCR Kit (TaKaRa, China). Primer sequences are shown in Table 1. 
The relative expression was analyzed using the 2−ΔΔCt method us-
ing U6 as the internal reference for miR-885-5p and GAPDH as 
the internal reference for HOXA-AS2 and KDM5B.

Nuclear-Cytoplasmic Fractionation
Nuclear-cytoplasmic fractionation was performed using an 

Ambion PARISTM kit (Invitrogen). The cells were lysed by incubat-
ing them with lysis buffer on ice for 10 min. The lysates were col-
lected and centrifuged at 3,000 g for 10 min. The supernatant con-
stituted the cytoplasm, and the precipitate mainly contained the 
nucleus. RNA was extracted from the cytoplasm and nucleus in an 
ice bath followed by qRT-PCR.

Western Blot Analysis
Total protein was extracted from the cells using radioimmuno-

precipitation assay (RIPA) buffer (Beyotime, China), and the pro-
tein concentration was determined using a BCA protein concen-
tration detection kit (Beyotime, China). Then, 30 μg of proteins 
were separated by 10% sodium dodecyl sulfate polyacrylamide gel 
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electrophoresis, transferred to polyvinylidene difluoride mem-
branes, and blocked with 5% skim milk. Next, the membranes were 
incubated with primary antibodies against KDM5B (1:1,000, Ab-
cam, USA) and GAPDH (1:1,000, Abcam, USA) at 4°C for 12 h. 
After incubation with the primary antibodies, the membranes 
were incubated with an HRP-conjugated secondary antibody 
(1:5,000, Abcam, USA) for 3 h at 37°C. The protein bands in the 
membranes were visualized using an ECL reagent (Sigma-Aldrich, 
USA).

Cell Counting Kit-8 (CCK-8) Assay
Cells (5 × 103 cells/well) were plated in a 96-well plate. After 

culturing, 10 μL/well of CCK-8 reagent (Sigma, USA) was added 
to the cells every 24 h and incubated for 4 h. The absorbance was 
measured at 450 nm using a microplate reader.

Caspase-3 Activity Assay
Two million cells were collected and lysed with 100 μL lysis buf-

fer on ice for 15 min. After centrifuging at 4°C for 10 min at 15,000 
× g, the supernatant was used to detect caspase-3 activity using the 
Caspase-3 Activity Assay Kit (Beyotime Biotechnology Inc., Chi-
na) according to the manufacturer’s instructions. After incubating 
at 37°C for 2 h, the optical density of each sample was determined 
at 405 nm using a microplate reader.

Flow Cytometric Assay
Cell apoptosis was evaluated using an Annexin V/FITC Apo-

ptosis Detection Kit (BD Biosciences, USA) according to the man-
ufacturer’s recommendations. Briefly, the cells were harvested, 
washed twice with cold phosphate-buffered saline, and resuspend-
ed in 1× binding buffer. Then, the cells were stained with 5 μL an-
nexin V-FITC and PI for 15 min by incubating at room tempera-
ture in the dark. The stained cells were analyzed using a FACS-
Calibur flow cytometer (BD Biosciences) with the Cell Quest Pro 
software, and the percentage of apoptotic cells was calculated.

Scratch Assay
After transfection, the PCa cells were seeded in 6-well plates 

and cultured until 90% confluent. Then, a 100-μL tip was used to 
create scratches in the cell monolayer. After washing off the de-
tached cells with phosphate-buffered saline, the adherent cells 
were incubated in medium without fetal bovine serum for 24 h. 
Images of the scratches were captured at 0 and 24 h using an in-
verted microscope.

Luciferase Assay
The binding sites on HOXA-AS2 and KDM5B 3′-UTR were 

inserted into the psiCHECK2 vector (Promega, USA) to construct 
wild-type (WT) HOXA-AS2 and KDM5B. The binding sites on 
HOXA-AS2 and KDM5B 3′-UTR were mutated and inserted into 
the psiCHECK2 vector to construct mutant-type (MUT) HOXA-
AS2/KDM5B. The WT or MUT HOXA-AS2/KDM5B plasmids 
were transfected into 22RV1 and DU145 cells along with mimic-
NC or miR-885-5p mimic. Subsequently, luciferase assays were 
performed using the Dual Luciferase Reporter Gene Assay Kit (Be-
yotime, China). The luciferase activity was measured on a Pro-
mega GlomaxTM 20/20 luminescence detector.

RIP Assay
The assay was performed using an RIP kit (Millipore, USA). 

After lysing the cells with RIP lysis buffer, RIP buffer containing 
magnetic beads (Invitrogen) conjugated to anti-Ago2 or anti-IgG 
(negative control) antibody was added to the lysates. Subsequently, 
the samples were treated with proteinase K, and the immunopre-
cipitated RNA was detected using qRT-PCR.

Statistical Analysis
All assays were conducted in triplicate, and the data are pre-

sented as the mean ± standard deviation. Statistical significance 
was compared between the two groups using Student’s t test (two 
tailed), whereas one-way ANOVA was used to analyze the statisti-
cal significance among multiple groups using GraphPad Prism 7.0 
(GraphPad, USA). Statistical significance was set at p < 0.05.

Results

HOXA-AS2 Knockdown Abates the Malignancy of 
PCa Cells
HOXA-AS2 expression profiles in PCa and RWPE1 

cells (normal control) revealed that the PCa cells 
(22RV1, DU145, and LNCaP) expressed higher levels of 
HOXA-AS2 compared to RWPE1 cells (Fig. 1a). In ad-
dition, compared to the adjacent normal tissues, 
HOXA-AS2 expression level was elevated in PCa tissues 
(Fig. 1b). Next, we explored the relationship between 
HOXA-AS2 expression and clinicopathological charac-

Table 1. PCR primer sequences

Gene Forward Reverse

HOXA-AS2 CCCGTAGGAAGAACCGATGA TTTAGGCCTTCGCAGACAGC
miR-885-5p GTCCATTACACTACCCTGCCTC CGCGAGCACAGAATTAATACG
miR-3174 GTCAGGGATGGCAACTTTATCCACT GGAACCTGAAGGTCCGAGTCA
miR-2116-3p AATCCTATGCCAAGAACTCCC CTCTACAGCTATATTGCCAGCCA
KDM5B ATTGCCTCAAAGGAATTTGGCAGTG CATCACTGGCATGTTGTTCAAATTC
U6 CTCGCTTCGGCAGCACA AACGCTTCACGAATTTGCGT
GAPDH GCAAATTCCATGGCACCGTC TCGCCCCACTTGATTTTGG
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Fig. 1. Effect of silencing HOXA-AS2 on 
PCa cells. a The expression level of HOXA-
AS2 was measured by qRT-PCR in the 
RWPE1 and PCa cells (22RV1, DU145, and 
LNCaP). **p < 0.001 versus RWPE1 cells.  
b The expression level of HOXA-AS2 was 
measured by qRT-PCR in the PCa tissues 
(N = 34) and adjacent normal tissues (N = 
34). **p < 0.001. c The location of HOXA-
AS2 in 22RV1 and DU145 cells was mea-
sured via nuclear-cytoplasmic fraction-
ation. d The expression level HOXA-AS2 
was measured by qRT-PCR in 22RV1 and 
DU145 cell lines transfected with si-lnc and 
OE-lnc. e Cell proliferation was measured 
via CCK-8 assay in 22RV1 and DU145 cells 
transfected with si-lnc and OE-lnc. f Cas-
pase-3 activity was measured via caspase-3 
activity assay in 22RV1 and DU145 cells 
transfected with si-lnc and OE-lnc. g Apo-
ptosis was measured via flow cytometry as-
say in 22RV1 and DU145 cells transfected 
with si-lnc and OE-lnc. h Cell migration 
rate was measured via scratch test assay in 
22RV1 and DU145 cells transfected with 
si-lnc and OE-lnc. si-lnc, si-HOXA-AS2; 
NC, negative control; OE-lnc, OE-HOXA-
AS2. N = 3, data are presented as mean ± 
SD, **p < 0.001 versus si-NC; ##p < 0.001 
versus OE-NC.
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Fig. 2. miR-885-5p was sponged by HOXA-AS2. a Three miRNAs 
were overlapped from starBase and TargetScan. starBase and Tar-
getScan were used to predict the miRNAs binding to HOXA-AS2 
and KDM5B, respectively. b RNA RIP assay was performed in 
22RV1 and DU145 cells followed by qRT-PCR. **p < 0.001 versus 
IgG. c The binding sites between miR-885-5p and HOXA-AS2 
were predicted via starBase. d The luciferase activity in cells trans-
fected with miR-885-5p and WT or MUT HOXA-AS2 was detect-

ed via luciferase assay. WT, wild type; MUT, mutant type. **p < 
0.001 versus mimic-NC. e The expression level of miR-885-5p was 
measured by qRT-PCR in RWPE and PCa cells (22RV1, DU145, 
and LNCaP). **p < 0.001. f The expression level of miR-885-5p was 
measured by qRT-PCR in the PCa tissues (N = 34) and adjacent 
normal tissues (N = 34). **p < 0.001 versus RWPE1 cells. g The 
correlation analysis of miR-885-5p and HOXA-AS2 was evaluated 
via Pearson analysis. N = 3, data are presented as mean ± SD.
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teristics of PCa patients. We divided all the cases into 
HOXA-AS2 high- and low-expression groups (n = 17 
each). As summarized in online Supplementary Table 
1, HOXA-AS2 high expression level was strongly asso-
ciated with advanced clinical T stage, lymph node in-
volvement, distant metastasis, and a high Gleason score. 
However, HOXA-AS2 expression was not associated 
with age or the specimen type. Next, we evaluated the 
subcellular localization of HOXA-AS2 and found that 
HOXA-AS2 was mainly located in the cytoplasm 
(Fig. 1c). Following transfection of 22RV1 and DU145 
cells with si-HOXA-AS2, HOXA-AS2 expression level 
decreased by approximately 60%. Transfection of 
22RV1 and DU145 cells with OE-HOXA-AS2 resulted 
in approximately 3.5-fold increase in HOXA-AS2 ex-
pression level (Fig. 1d). Cell proliferation and caspase-3 
activity were analyzed in these cells using CCK-8 and 
caspase-3 activity assays, respectively. The results 
showed that si-HOXA-AS2 suppressed the proliferative 
ability and resulted in apoptosis of PCa cells, whereas 
OE-HOXA-AS2 had the opposite effect (Fig. 1e–f). In 
addition, flow cytometric analysis showed that the 
apoptotic rate of PCa cells increased in the si-HOXA-
AS2 group and decreased in the OE-HOXA-AS2 group 
compared to that in the corresponding control group 
(Fig. 1g; see online suppl data files). Furthermore, the 
scratch assay results revealed that the rate of cell migra-
tion decreased following HOXA-AS2 downregulation 
and increased upon HOXA-AS2 upregulation (Fig. 1h; 
see online suppl data files).

MiR-885-5p Is Sponged by HOXA-AS2
Based on starBase analysis, high expression level of 

KDM5B correlated with poor prognosis in PCa (online 
suppl. Fig. 1); therefore, we identified KDM5B as a gene 
of interest. Then, starBase was used to predict the miR-
NAs that bind to HOXA-AS2, and TargetScan was used 
to predict the miRNAs that target KDM5B. The star-
Base and TargetScan results showed that miR-885-5p, 
miR-3174, and miR-2116-3p were common miRNAs 
(Fig. 2a). We then performed RIP assay and found that 
the enrichment of HOXA-AS2 and miR-885-5p was in-

creased in the Ago2 group (Fig. 2b), suggesting a cor-
relation between them. The binding sites on HOXA-
AS2 were predicted using starBase (Fig. 2c). Luciferase 
assay verified that the luciferase activity in the HOXA-
AS2-WT + miR-885-5p group was lower than that in 
the HOXA-AS2-WT + miR-NC group; however, the lu-
ciferase activity in the HOXA-AS2-MUT + miR-885-5p 
group showed no distinct change (Fig. 2d). qRT-PCR 
results showed that miR-885-5p expression level was 
lower in PCa cells (22RV1 and DU145) than that in 
RWPE1 cells (Fig.  2e). Moreover, we also found that 
miR-885-5p expression level was lower in PCa tissues 
and was negatively correlated with HOXA-AS2 expres-
sion level (Fig. 2f–g).

miR-885-5p Knockdown Reverses the Effect of  
si-HOXA-AS2
Next, to examine the role of miR-885-5p in the bio-

logical characteristics of PCa cells, si-HOXA-AS2 and 
miR-885-5p inhibitors were transfected into cells. 
miR-885-5p expression level decreased in cells trans-
fected with the miR-885-5p inhibitor but was elevated 
in cells following HOXA-AS2 knockdown (Fig.  3a). 
The results of the CCK-8 assay showed that cell prolif-
eration in the miR-885-5p inhibitor group was en-
hanced, and downregulation of miR-885-5p reversed 
the negative effect of HOXA-AS2 knockdown on cell 
proliferation (Fig.  3b). Caspase-3 activity assay re-
vealed that caspase-3 activity was suppressed following 
transfection with the miR-885-5p inhibitor, but cas-
pase-3 activity in cells co-transfected with miR-885-5p 
inhibitor and si-HOXA-AS2 was similar to that in si-
NC or inhibitor-NC (Fig. 3c). Similarly, flow cytome-
try showed that miR-885-5p knockdown reduced the 
apoptotic rate and partially abolished the pro-apoptot-
ic effect of HOXA-AS2 knockdown (Fig. 3d; see online 
suppl data files). The scratch assay revealed that the 
migration ability of cells was clearly elevated following 
transfection with the miR-885-5p inhibitor, and inhi-
bition of miR-885-5p reversed the negative effect of 
HOXA-AS2 knockdown on cell migration (Fig. 3e; see 
online suppl data files).

Fig. 3. miR-885-5p inhibitor reversed the effect of silencing 
HOXA-AS2. a The expression level of miR-885-5p was measured 
by qRT-PCR in 22RV1 and DU145 cells transfected with si-lnc and 
inhibitor. b Cell proliferation was measured via CCK-8 assay in 
22RV1 and DU145 cells transfected with si-lnc and inhibitor.  
c Caspase-3 activity was measured via caspase-3 activity assay in 
22RV1 and DU145 cells transfected with si-lnc and inhibitor.  

d Apoptosis was measured via flow cytometry assay in 22RV1 and 
DU145 cells transfected with si-lnc and inhibitor. e Cell migration 
rate was measured via scratch test assay in 22RV1 and DU145 cells 
transfected with si-lnc and inhibitor. si-lnc, si-HOXA-AS2; NC, 
negative control; inhibitor, miR-885-5p inhibitor. N = 3, data are 
presented as mean ± SD, **p < 0.001 versus si-NC; &&p < 0.001 
versus inhibitor; ##p < 0.001 versus si-lnc + inhibitor.

(For figure see next page.)
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MiR-885-5p Targets KDM5B
The binding sites of miR-885-5p in the 3′-UTR of KD-

M5B predicted by TargetScan are shown in Figure 4a. Lucif-
erase assay revealed that the relative luciferase activity was 
reduced following co-transfection of cells with KDM5B-WT 
and miR-885-5p, whereas co-transfection with KDM5B-

MUT and miR-885-5p did not affect the relative luciferase 
activity (Fig. 4b). qRT-PCR assay showed that KDM5B ex-
pression level was higher in PCa tissues and cells compared 
to that in adjacent normal tissues and RWPE1 cells (Fig. 4c–
d). Moreover, KDM5B expression in PCa tissues was nega-
tively correlated with miR-885-5p expression (Fig. 4e).

a

b

d e

c

Fig. 4. MiR-885-5p targets KDM5B. a The binding sites between 
miR-885-5p and KDM5B predicted by TargetScan. b The luciferase 
activity in cells transfected with miR-885-5p and WT or MUT KD-
M5B was detected by luciferase assay. WT, wild type; MUT, mutant 
type. **p < 0.001 versus mimic-NC. c The expression level of 
HOXA-AS2 was measured by qRT-PCR in the PCa tissues (N = 34) 

and adjacent normal tissues. **p < 0.001. d The expression level of 
KDM5B was measured by qRT-PCR in RWPE and PCa cells 
(22RV1, DU145, and LNCaP). **p < 0.001 versus RWPE1 cells.  
e The correlation analysis of miR-885-5p and KDM5B was evalu-
ated via Pearson analysis. N = 3, data are presented as mean ± SD.

Fig. 5. si-KDM5B reversed the effect of miR-885-5p inhibitor on 
PCa cells. a The expression level KDM5B was measured by West-
ern blot in transfected 22RV1 and DU145 cells transfected with 
si-KDM5B and inhibitor. b Cell proliferation was measured via 
CCK-8 assay in 22RV1 and DU145 cells transfected with si-KD-
M5B and inhibitor. c Caspase-3 activity was measured via cas-
pase-3 activity assay in 22RV1 and DU145 cells transfected with 
si-KDM5B and inhibitor. d Apoptosis was measured via flow cy-

tometry assay in 22RV1 and DU145 cells transfected with si-KD-
M5B and inhibitor. e Cell migration rate was measured via scratch 
test assay in 22RV1 and DU145 cells transfected with si-KDM5B 
and inhibitor. NC, negative control; inhibitor, miR-885-5p inhib-
itor. N = 3, data are presented as mean ± SD, **p < 0.001 versus 
si-NC; &&p < 0.001 versus inhibitor; ##p < 0.001 versus si-KDM5B 
+ inhibitor.

(For figure see next page.)
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miR-885-5p Inhibits PCa Progression by Mediating 
the Expression of KDM5B
To confirm the function of miR-885-5p and KDM5B in 

PCa, si-KDM5B and miR-885-5p inhibitors were used to 
silence KDM5B and miR-885-5p, respectively. Western 
blot analysis indicated that si-KDM5B decreased the ex-
pression level of KDM5B protein, whereas the miR-885-5p 
inhibitor had the opposite effect (Fig. 5a; see online suppl 
data files). Furthermore, si-KDM5B impaired cell prolifera-
tion; however, this effect was reversed by the miR-885-5p 
inhibitor (Fig.  5b). Caspase-3 activity assay revealed that 
caspase-3 activity was increased by si-KDM5B, whereas 
miR-885-5p inhibitor reversed the positive effect of si-KD-
M5B (Fig. 5c). Flow cytometry revealed an increase in the 
apoptotic rate in the si-KDM5B group, whereas the miR-
885-5p inhibitor reversed the si-KDM5B-mediated promo-
tion of apoptosis (Fig. 5d; see online suppl data files). The 
results of the scratch assay showed that the rate of cell mi-
gration declined in the si-KDM5B group, and the miR-885-
5p inhibitor reversed the decrease in migration rate caused 
by si-KDM5B (Fig. 5e; see online suppl data files).

Discussion

PCa is a major type of cancer worldwide owing to the 
lack of standard diagnostic methods. Our investigation 
found upregulation of HOXA-AS2 and KDM5B along 
with a downregulation of miR-885-5p in PCa. Further-
more, our study demonstrated that the downregulation 
of HOXA-AS2 reduced the proliferation and migration 
of PCa cells and increased apoptosis in PCa cells. We de-
termined that the effect of silencing HOXA-AS2 on PCa 
cells was reversed by an miR-885-5p inhibitor because of 
their targeting relationship. In addition, miR-885-5p in-
hibited PCa progression by mediating the expression of 
KDM5B. In conclusion, HOXA-AS2 promotes PCa pro-
gression by targeting miR-885-5p to upregulate KDM5B.

HOXA-AS2 plays a pro-oncogenic role in various can-
cers. For example, a study revealed that HOXA-AS2 ex-
pression level is elevated in hepatoblastoma and pro-
motes malignant biological behaviors in hepatoblastoma 
[26]. Another study reported that HOXA-AS2 functions 
as an oncogene in acute myeloid leukemia in vitro and in 
vivo [27]. In the current study, HOXA-AS2 was upregu-
lated in PCa tissues and cells, and silencing of HOXA-
AS2 decreased the proliferation and migration of PCa 
cells – this finding was consistent with previous studies. 
Consistent with our results, a previous study showed that 
HOXA-AS2 was elevated in PCa, and silencing HOXA-

AS2 inhibited the malignancy of PCa cells [14]. Addition-
ally, a study reported that HOXA-AS2-mediated spong-
ing of miR-885-5p inhibited glioblastoma development 
[20]. This is consistent with our study showing that 
HOXA-AS2 serves as a ceRNA of miR-885-5p, thereby 
directly reducing miR-885-5p expression level. In our 
study, we observed a downregulation of miR-885-5p in 
PCa tissues and cells, and the negative role of HOXA-AS2 
knockdown in PCa cells was reversed by miR-885-5p 
knockdown.

miR-885-5p acts as a tumor suppressor in multiple 
cancers such as hepatocellular carcinoma [28] and osteo-
sarcoma [17]. However, the role of miR-885-5p in PCa 
has not been explored. Here, we fill the knowledge gap in 
this field by showing that miR-885-5p knockdown pro-
motes cell proliferation and migration in PCa cells, sug-
gesting that miR-885-5p is a tumor suppressor in PCa 
also. We also showed that KDM5B is a target of miR-885-
5p, and its effect on PCa is regulated by miR-885-5p.

Another interesting finding of this study is that miR-
885-5p inhibited the progression of PCa by mediating the 
expression of KDM5B. A recent study reported that KD-
M5B governs PI3K/AKT signaling in PCa, and KDM5B 
knockdown significantly decreases the proliferation of 
PCa cells [29]. Regarding the role of KDM5B in cell mi-
gration, a previous study showed that KDM5B knock-
down inhibited PCa cell migration [25]. These results are 
consistent with our findings that KDM5B knockdown 
suppresses the malignant phenotypes in PCa.

Although our study demonstrates that HOXA-AS2 
regulates the miR-885-5p/KDM5B axis and promotes 
PCa progression, it has some limitations. The results of 
this study need to be further verified by increasing the 
sample size and the number of animal experiments in the 
future. Carcinogenesis involves complex signaling path-
ways, and the downstream mechanisms of the effect of 
KDM5B remain to be studied and validated. In conclu-
sion, our study suggests that inhibition of HOXA-AS2 
may prevent PCa malignancy. These findings may facili-
tate novel therapeutic strategies for treating PCa.
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