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to modulate growth, colony formation,
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Abstract: Objectives: Prostate cancer holds the second-highest incidence rate among all male malignancies, with a
noticeable scarcity of effective treatment approaches. The REST Corepressor 1 (RCOR1) protein exhibits elevated
expression across various tumors, acting as an oncogene. Nevertheless, its functions and mechanisms in prostate
cancer have yet to be documented. While miR-23 demonstrates reduced expression in prostate cancer, the down-
stream genes it regulates remain unclear. Methods: RT-qPCR and Western blotting assays were utilized to elucidate
the mRNA and protein levels of miR-23b-3p and RCOR1. The luciferase reporter assay was employed to unveil the
targeting relationship between miR-23b-3p and RCOR1. Additionally, a CCK-8 assay demonstrated cell growth, while
colony formation and Transwell assays were performed to observe clone formation, cell migration, and invasion.
Results: In this study, we observed substantial MRNA and protein levels of RCOR1 in prostate cancer cells such as
DU145, PC3, and LNCap. RCOR1 overexpression enhanced the growth, colony formation, migration, and invasion
of prostate cancer cells, whereas genetic silencing of RCOR1 suppressed these processes. Bioinformatics analysis
identified miR-23b-3p as a potential regulator of RCOR1, and luciferase assays validated RCOR1 as a downstream
target of miR-23b-3p. Increasing miR-23b-3p mimics diminished RCOR1’'s mRNA and protein levels, while raising
miR-23b-3p levels boosted RCOR1’s expression. Moreover, the stimulatory impact of RCOR1 on prostate cancer cell
development could be countered by elevating miR-23b-3p mimics. Conclusion: In summary, our findings confirm
that RCOR1 is indeed under the influence of miR-23, shedding light on the miR-23/RCOR1 pathway’s role in pros-
tate cancer development. This offers novel theoretical and experimental support for comprehending the underlying
mechanisms of prostate cancer and for targeted therapeutic avenues.
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Introduction impact on the quality of life of patients [3].
Hence, there is an urgent need to explore the

Prostate cancer (PCa), being one of the most potential mechanisms underlying the occur-

prevalent tumors in the urinary system, ranks
second in incidence among male malignant
tumors worldwide. It has emerged as a signifi-
cant health concern for men, with its incidence
steadily increasing annually [1, 2]. Surgery, radi-
cal radiotherapy, and other treatments have a
good effect on early localized prostate cancer.
However, later treatment can lead to the devel-
opment of castration-resistant prostate cancer
(CRPC). Prostate cancer has low sensitivity to
chemotherapy, is prone to tumor metastasis,
and presents challenges in clinical treatment,
resulting in a poor prognosis and has a serious

rence and development of PCa and identify new
prognostic biomarkers along with more effec-
tive treatment strategies.

In previous studies, it has been found that a
small non-coding RNA called microRNA (miRNA)
plays a crucial regulatory role in the occurrence
and development of various human cancers,
including prostate cancer. MiRNA binds to com-
plementary loci on the target mRNA in its
3’-non-translation region (3-UTRs), inhibiting
the expression of the target gene at the post-
transcriptional level. Additionally, miRNA can
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regulate targeted oncogenes and tumor sup-
pressor factors, highlighting that disorders and
dysfunction in miRNA expression play a direct
causal role in cancer etiology [4, 5]. MicroRNAs
(miRNA or miR) have been studied as biomark-
ers for an extended time [6]. However, exploring
the study of genes and proteins that regulate
miRs, as well as the genes and proteins regu-
lated by miRs, is a novel strategy for disease
research. Therefore, it is crucial to gain a deep-
er understanding of the molecular functions of
miRNA-targeted genes and proteins in prostate
cancer.

Previous studies have identified the REST
Corepressor 1 (RCOR1) as playing a role in can-
cer. When compared to the control group, dif-
ferences in the expression levels of RCOR1
have been observed in patients with oral squa-
mous carcinoma, breast cancer, ovarian can-
cer, lymphoma, and glioma [7]. The expression
level of RCOR2 was decreased in lung adeno-
carcinoma cells treated with rhubarbrine [8]. In
addition to differences in expression, some
studies have suggested that RCOR1 may exert
a functional impact on the occurrence and
development of tumors. For instance, RCOR1
directly interacts with MED28, inhibiting can-
cer stem cell (CSC)-like characteristics in oral
squamous cell carcinoma (OCSCC) cells [9].
The upregulation of RCOR1 can sustain the
tumor stem-like phenotype in diffuse astrocy-
toma (DA), angioma (AO), and polymorphic glio-
blastoma (GBM) [10]. RCOR1 activates angio-
genesis and the secretion of inflammatory fac-
tors, thereby enhancing tumor-induced angio-
genesis and inflammation in breast cancer
[11]. Although it is known that RCOR1 is
expressed differentially in various cancers, its
expression level, mechanism of action, and
how it influences cell behavior through the miR-
23/RCOR1 pathway in prostate cancer have
not been clearly determined, despite being
identified as the target gene of miR-23.

Our study confirms that RCOR1 promotes pros-
tate cancer (PCa) cell proliferation and identi-
fies the upstream miRNA, miR-23b-3p, target-
ing RCOR1. Furthermore, the current study
explores the potential mechanism of miR-23b-
3p in regulating PCa cell proliferation by target-
ing the 3-UTR of RCOR1 mRNA. Identifying
miRNAs targeting RCOR1 in PCa may aid in the
development of PCa therapy based on RCOR1.
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This study may offer new insights and thera-
peutic targets for the treatment of PCa.

Materials and methods
Cell culture

DU145 cells were cultured in DMEM/F12 medi-
um with 10% FBS and 1% penicillin/streptomy-
cin solution, while PC3 cells were maintained in
RPMI 1640 (Gibco, Shanghai, China) with 10%
FBS and 1% penicillin/streptomycin (Gibco,
Shanghai, China). The cells were cultivated in a
humidified incubator with 5% CO, under nor-
moxic conditions at 37°C.

Cell counting kit-8 (CCK8) assay for cell growth

Cell viability was assessed using CCK8 kits in
accordance with the manufacturer’s instruc-
tions (#CO037, Beyotime, Shanghai, China). A
volume of 200 pL cell suspension was prepared
and transferred to a 96-well plate (2-5 x 103/
well) at a specific concentration. Subsequently,
10 pL of CCK8 solution was added to each well,
and the plate was placed in an incubator with
conditions set at 37°C and 5% CO,, for 4 hours
of culture. Following the incubation, the data
were read at 450 nm on a microplate reader.

Transwell assay

According to the manufacturer’s instructions
(Corning, NY, USA), the 24-well Transwell cham-
ber is used to measure cell migration capacity.
Cells at 2.5 x 104, were starved for 12 hours in
advance, and were suspended in 400 ul of
serum-free medium and added to the upper
chamber. Additionally, 600 ul of serum-contain-
ing medium was added to the lower chamber.
Cultivated under the conditions of 37 degrees
Celsius and 5% CO,, and after 24 hours, cells
in the upper chamber were counted for the
migrated or invaded cells. The invasion experi-
ment was identical to the migration experiment,
except for the addition of 100 pl of matrix gel
(Beyotime) to the upper chamber. The experi-
ment was carried out in triplicate.

Western blotting

The tissue is ground and crushed, and cracking
fluid is added for extraction. After centrifuga-
tion, the total protein sample is obtained. The
protein concentration is determined using the

Int J Clin Exp Pathol 2024;17(2):29-38



miR-23b-3p/RCOR1 in prostate cancer

dioctoctanoic acid (BCA) method with a kit pur-
chased from Beyotime. In 10% sodium dodecyl
sulfate-polyacrylamide gel (SDS-PAGE), 40 mg
(protein amount) is added to each lane, and
proteins are separated at 80 mV and 100 mV
voltages. Subsequently, the electrophoresis
gel is transferred to a PVDF membrane. At 4°C,
the PVDF membrane is sealed with 5% skim
milk powder for 1 hour. Next, the primary anti-
bodies (anti-RCOR1, 1:200, Novus Biologicals,
#NB600-240; anti-B-tubulin, 1:1000, Abcam,
Cambridge, UK; and anti-GAPDH, 1:7500 dilu-
tion, Proteinteintech, United States) are incu-
bated overnight, followed by incubation with
secondary antibodies (HRP-labeled goat anti-
mouse or anti-rabbit antibodies, Beyotime) for
1 hour at room temperature. Finally, the Wes-
tern lightning-electrochemical luminescence
method (ECL; Beyotime) is employed for band
visualization, using GAPDH as the internal load-
ing control.

Quantitative polymerase chain reaction (RT-
gPCR)

For RT-gPCR, Trizol® reagents (Cat#6-15596,
Invitrogen, Carlsbad, California, United States)
are utilized to extract total RNA from tissues.
The absorbance of the total RNA sample at 260
nm/280 nm is measured to assess RNA quali-
ty. Reverse transcription is performed using the
reverse cDNA synthesis kit (Promega, Madison,
WI, USA), taking an equal amount of RNA as a
template to synthesize cDNA. Subsequently,
gPCR testing is conducted on Bio-Rad accord-
ing to the manufacturer’'s instructions. The
experiments are carried out in triplicate to
ensure the reliability of the results.

Colony formation assay

Cells subjected to different treatments were
cultured in 24-well plates at a density of 200
cells per well. After two weeks, colony forma-
tion was assessed. Clones were visualized and
counted using Crystal Violet staining (Beyotime).
The relative colony formation ability was mea-
sured to mimic the negative control (NC).

Dual-luciferase reporter assay
Cells were divided into the following treatments:
a) pmirGLO/RCOR1-WT+miR-23b-3p mimic NC;

b) pmirGLO/RCOR1-WT+miR-23b-3p mimic; c)
pmirGLO/RCOR1-MUT+miR-23b-3p mimic NC;
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d) pmirGLO/RCOR1-MUT+miR-23b-3p mimic.
Cells were seeded in triplicate in 96-well plates,
then co-transfected with the above contents
using Lipofectamine 2000 (Invitrogen, CA,
USA). Luciferase and Renilla activity were mea-
sured 48 h after transfection using the Dual
Luciferase Reporter Assay Kit (Promega), fol-
lowing the manufacturer’s instructions. Luci-
ferase activity values were normalized to Renilla
activity as relative activity.

Statistical analysis

All data were acquired from three indepen-
dent experiments. Statistical analysis was per-
formed using SPSS 19.0 (IBM, NY, USA) and
results are expressed as means + SD.
Differences between two groups and multiple
groups were assessed using Student’s t-test
and one-way ANOVA, respectively. In cases of
comparing two groups across multiple time
points, the post-hoc Bonferroni test was applied
after ANOVA. P values < 0.05 were considered
significant.

Results

The elevated expression of RCOR1 in tissues
and its promotional effect on the development
of prostate cancer (PCa) cells

To investigate the biological functions of RCOR1
in PCa cell lines, we utilized RT-qPCR, Western
blotting, colony formation, and Transwell assays
to analyze proliferation and migration. Initially,
we assessed the endogenous mRNA and pro-
tein levels of RCOR1 in PCa cell lines. As illus-
trated in Figure 1A-C, the expression of RCOR1
was significantly upregulated in PCa cell lines
DU145, PC3, and LNCap compared to normal
prostate epithelial cells. Additionally, we con-
structed an overexpressing plasmid carrying
the RCOR1 gene and confirmed its expression
in DU145 cells (Figure 1D). Two genetic knock-
down siRNA fragments against RCOR1 were
designed and synthesized, with siRCOR1 #2
demonstrating a more effective silencing effect
than #1 and the negative control (Figure 1E).
Therefore, sSiRCOR1 #2 was selected for subse-
quent knockdown experiments. According to
the CCK-8 assay, overexpression of RCOR1 pro-
moted the cell growth of DU145 and LNCap
cells, while knockdown of RCOR1 resulted in
decreased cell growth (Figure 1F, 1G). The
same trend was observed in the colony forma-
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Figure 1. RCOR1 regulates the development of PCa cells. A. mRNA levels of REST Corepressor 1 (RCOR1) in Prostate
cancer (PCa) cell lines were validated using qRT-PCR; B-E. Expression levels of RCOR1 in PCa cells and transfection
efficiency were confirmed by Western blotting; F, G. Cell proliferation of PCa cell lines after transfection with NC mim-
ics and RCOR1 was assessed using CCK-8 assay; H, |. Proliferative capacity of PCa cell lines after transfection with
NC mimics and RCOR1 mimics was evaluated through colony formation assays (magnification: 40 x); J, K. Migration
of PCa cell lines after transfection with NC mimics and RCOR1 mimics was determined using Transwell assays (scale
bar, 20 um); Data presented as mean + standard deviation, *P < 0.05, **P < 0.01.
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tion assay (Figure 1H, 1l) and Transwell assays
(Figure 1J, 1K). These data indicate that RCOR1
is overexpressed in PCa cells and that it pro-
motes the proliferation, colony formation, and
migration of PCa cells.

RCOR1 is a downstream target of miR-23b-3p

To explore the upstream regulator of RCOR1,
we screened the 3’UTR of RCOR1. As depict-
ed in Figure 2A, 2B, bioinformatics analysis
revealed that the wildtype region of the 3'UTR
of RCOR1 exhibited a matched sequence to
miR-23b-3p (Figure 2A), and this sequence
conservation was observed across different
vertebrate species (Figure 2B), indicating a
potential regulatory relationship between miR-
23b-3p and RCOR1. To confirm this, we con-
structed a luciferase reporter system with WT
or MUT (mutant; Figure 2B) plasmids contain-
ing the 3'UTR region of RCOR1. MiR-23b-3p
mimic or inhibitor fragments were synthesized,
with mimic NC and inhibitor NC serving as con-
trols. As illustrated in Figure 2C, overexpres-
sion of miR-23b-3p mimic upregulated the
expression level, while the inhibitor suppressed
it. Subsequently, PCa cells were transfected
with or without miR-23b-3p mimics, along with
RCOR1 WT or MUT luciferase reporter plas-
mids. Figure 2D demonstrates that overexpres-
sion of miR-23-3p mimic significantly sup-
pressed the luciferase activity of WT RCOR1,
but not the MUT one. Furthermore, the endog-
enous MRNA (Figure 2E) and protein (Figure
2F, 2G) levels of RCOR1 were also significantly
upregulated by the transfection of miR-23b-3p
mimic, but suppressed by the inhibitor, in both
DU145 and LNCap cells. These findings sug-
gest that RCOR1 is directly regulated by miR-
23b-3p in PCa cells.

miR-23b-3p negatively regulates RCOR1 to
inhibit malignant progression of PCa cells

To further elucidate the biological role of RCOR1
regulated by miR-23b-3p in PCa cell lines,
counteractive experiments were conducted. As
depicted in Figure 3A, 3B, PCa cells transfect-
ed with miR-23b-3p mimic exhibited sup-
pressed cell growth compared to the mimic NC
group in the CCK-8 assay. However, co-trans-
fection of RCOR1 significantly reversed this
inhibitory effect, restoring the growth rate to
mimic NC levels (Figure 3A, 3B). The colony for-
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mation assay (Figure 3C, 3D) and migration
and invasion assays (Figure 3E-H) demonstrat-
ed a similar trend, where the suppressed colo-
ny formation, migration, and invasion ability by
miR-23b-3p could be counteracted by the over-
expression of RCOR1. These findings suggest
that miR-23b-3p regulates the malignant pro-
gression of PCa cells by modulating RCOR1.

Discussion

RCOR, as a constituent component of the
silencing transcription factor REST, has been
demonstrated to play a role in neurodevelop-
ment and various neuronal biological process-
es [12]. Additionally, RCOR is believed to func-
tion in various diseases. For instance, it exerts
an influence on the terminal differentiation of
osteoarthritis (OA) cartilage cells [13] and
affects the differentiation of normal bone mar-
row red cell lineages and other biological pro-
cesses [14]. Furthermore, the mutant GF60
variant of RCOR1 has been isolated in
Drosophila follicular epithelium and activates
the Notch signaling pathway [15]. In recent
years, an increasing number of studies suggest
that RCOR may play a role in the tumorigenesis
process. For example, in the tumorigenesis of
estrogen receptor-positive breast cancer, RCOR
drives development and induces resistance to
endocrine therapy by switching the recruitment
site of complexes [16]. Research has demon-
strated that RCOR also plays a role in tumor
immunity. Knocking down RCORZ1 in Foxp3+
Tregs can activate the function of Tregs, and
IL-2 and IFN-y in peripheral lymphoid tissues
simultaneously increase, promoting anti-tumor
immunity [17]. In our study, both mRNA and pro-
tein expression levels of RCOR1 in PCa cell
lines are significantly elevated. Overexpression
of RCOR1 promotes the proliferation of PCa cell
lines and significantly enhances the migration
of PCa cell lines.

Numerous studies indicate that RCOR is a tar-
get of microRNAs such as miR-22 [18], miR-124
[19], miR-9 [20], miR-432 [21], playing critical
roles in many biological processes. MiR-27
cluster is part of a polycistronic cluster of miR-
NAs, including miR-23 and miR-24. MiR-23a-
27a-24 is intergenic, having its own promoter
on chromosome 19, while miR-23b-27b-24 is
intronic, located on chromosome 9. The miR-
23-27-24 cluster in humans occupies two
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Figure 2. RCOR1 is a direct downstream target of miR-23b-3p in PCa cells. A, B. Dual luciferase reporter gene assays
indicated that miR-23b-3p directly targets RCOR1; C, D. miR-23b-3p expression exhibited a significant negative cor-
relation with RCOR1 expression in PCa tissues; F, G. Protein blotting confirmed expression levels of RCOR1 in PCa
cell lines transfected with NC mimics and miR-23b-3p mimics; E, F. qRT-PCR validated RCOR1 expression levels in
PCa cell lines transfected with NC mimics and miR-23b-3p mimics; Data presented as mean +* standard deviation,
*P < 0.05, **P < 0.01.

genomic loci: miR-23a-27a-24-2 cluster is inter- is intronic and generates mature miR-23b, miR-
genic and generates mature miR-23a, miR-27a, 27b, and miR-24 [22]. This cluster is highly con-
and miR-24, whereas miR-23b-27b-24-1 cluster served in vertebrates and fish, although not as
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Figure 3. miR-23b-3p/RCOR1 axis regulates the development of PCa cells. A, B. Cell proliferation of PCa cell lines
co-transfected with miR-23b-3p and RCOR1 was assessed using CCK-8 assay; C, D. Proliferative capacity of PCa cell
lines co-transfected with miR-23b-3p and RCOR1 was evaluated through colony formation assays (magnification: 40
x); E-H. Transwell assays detected cell migration of PCa cell lines co-transfected with miR-23b-3p and RCOR1 (scale
bar, 20 ym); Data presented as mean * standard deviation, *P < 0.05, **P < 0.01.
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tightly clustered [23, 24]. Members of this clus-
ter have been described to have functions in
several organs/developmental systems, includ-
ing cancer [25], the central nervous system
[26], and vascular organs [27]. In recent years,
increasing evidence suggests that microRNAs
(miRNAs) play a significant role in tumor pro-
gression, including prostate cancer [28].
However, there is still much to be elucidated
regarding the functional mechanisms of miR-
NAs in cancer pathogenesis.

MiR-23b-3p exhibits a close association with
various functional specificities in different can-
cers in a cell-type-dependent manner. For
example, the downregulation of miR-23b-3p
can act as a tumor suppressor by targeting
downstream protein expression. In gastric can-
cer, the downregulation of miR-23b-3p inhibits
the growth and invasion of gastric cancer cells
by targeting Notch 2 and suppressing its
expression [29]. In bladder cancer, miR-23b-3p
serves as a tumor suppressor by targeting
Zeb1 [30]. In cervical cancer cells, miR-23b-3p
reduces proliferation, migration, and invasion
of cervical cancer cell lines by reducing c-Met
expression [31]. However, miR-23b-3p is also
associated with poor prognosis and acts as a
cancer promoter in many tumors. For example,
in osteosarcoma, miR-23b-3p inhibits PGC1x
and promotes osteosarcoma proliferation by
reprogramming metabolism [32]. MiR-23b-3p
promotes osteosarcoma through the VEPH1/
phosphoinositide 3-kinase/protein kinase B
(PIBK/AKT) pathway targeting VE-PTP expres-
sed in the ventricular area [33]. In breast
cancer cells, miR-23b-3p negatively regulates
Nischarin (an intracellular protein) to modulate
tumor cell migration behavior [34]. In renal cell
carcinoma cells, upregulation of miR-23b-3p
promotes migration by targeting phosphatase
and tensin homolog (PTEN) [28]. MiR-23b-3p
acts as an anti-apoptotic factor in gastric can-
cer cells by directly targeting programmed cell
death 4 (a cell apoptosis-regulating protein)
[35]. Therefore, different miRNAs may have
varying roles in different aspects of cancer, and
understanding the specific functions of miR-
23b-3p in prostate cancer (PCa) is an impor-
tant question to address.

The role of RCOR1 during PCa development
remains obscure. In the current study, we
observed that RCOR1 was upregulated in PCa
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cells. Overexpression of RCOR1 promoted,
while genetic knockdown of RCOR1 suppress-
ed the growth, colony formation, migration, and
invasion of both DU145 and LNCap cells.
Bioinformatics analysis and luciferase reporter
gene assays confirmed that RCOR1 was direct-
ly targeted by miR-23b-3p. MiR-23b-3p regu-
lated the development of PCa cells by mo-
dulating RCOR1. Although these observations
should be further confirmed in clinical data
samples of PCa and in animal in vivo models,
our data suggest the new miR-23b-3p/RCOR1
axis regulates the development of PCa cells,
providing new evidence to elucidate the mecha-
nism of PCa progression.
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