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Abstract

Background Prostate cancer (PCa) is a prevalent malignancy within the male reproductive system that poses a significant
threat to patients’ lives. The function of long non-coding RNA LINC01128 in PCa progression remains to be elucidated.
Objective The objective was to evaluate the significance of LINC01128 in PCa and to elucidate the underlying mechanisms,
thereby identifying a potential target for PCa treatment.

Methods The clinical significance of LINCO01128 in PCa was investigated by bioinformatics methods and data analysis. The
expression of LINCO01128 was quantified using real-time quantitative PCR. The impact of LINC01128 on PCa cell viability
and metastasis was evaluated through Cell Counting Kit-8 and Transwell assays. The expression of epithelial-mesenchymal
transition markers was analyzed by Western blot analysis. Bioinformatics methods and dual-luciferase reporter assay were
employed to explore the mechanisms underlying the role of LINC01128 in PCa progression.

Results LINCO01128 demonstrated significant upregulation in PCa and exhibited a strong correlation with tumor-node-
metastasis (TNM) stage, Gleason score, and lymph node metastasis. The upregulation of LINC01128 was found to be
linked to a poorer prognosis for PCa. In PCa cells, silencing LINC01128 resulted in the suppression of cell proliferation,
migration, and invasion. Furthermore, the knockdown of LINCO01128 enhanced the expression of E-cadherin while concur-
rently repressing the expression of N-cadherin and Vimentin. Mechanistically, the negative regulation of miR-27b-3p by
LINCO01128 mediated the role of LINCO01128 in PCa progression.

Conclusions In PCa, high expression of LINCO01128 may predict patients’ unfavorable prognosis. LINC01128 promoted
PCa cellular processes by negatively regulating miR-27b-3p.
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PVDF Polyvinylidene fluoride

RT-gPCR Real-time quantitative polymerase chain
reaction

siRNA Small interfering RNA

SDS-PAGE  Sodium dodecyl sulfate polyacrylamide gel
electrophoresis

TNM Tumor-node-metastasis

WT Wild-type

Introduction

Prostate cancer (PCa) represents the most widespread
malignant neoplasm of males, ranking second only to lung
cancer in the incidence of male cancers (Bray et al. 2024).
The prevalence of PCa increases with age, with higher inci-
dences observed in Europe and the United States (Nelson
et al. 2022). The pathological types of PCa include adeno-
carcinoma, ductal adenocarcinoma, intraductal carcinoma,
squamous cell carcinoma, uroepithelial carcinoma, and
basal cell carcinoma, among others. Of these, adenocar-
cinoma represents more than 95% of the total (Chinese
guidelines for 2019). PCa exhibits a heightened associa-
tion with an augmented risk of bladder outlet obstruction,
lower urinary tract lesions, and distant metastases. These
complications have profound consequences for patients’
quality of life (Pan et al. 2023). The primary treatments
for PCa are radical prostatectomy, radiotherapy, and che-
motherapy. The efficacy of these treatments in improving
outcomes for patients with early-stage PCa has been well-
documented (Kanesvaran et al. 2022). The mortality rate
of PCa has exhibited a downward trend over the past few
decades, a development that can be attributed to significant
advancements in treatment modalities. Nevertheless, there
is currently no effective pharmacological agent or other
therapeutic tool that can meaningfully enhance the progno-
sis of patients with metastatic PCa (Guevelou et al. 2024).
The exploration of new biomarkers for predicting PCa pro-
gression and molecular therapeutic targets has become a hot
topic of increasing interest (Rafikova et al. 2023).

Long non-coding RNAs (IncRNAs) are molecules com-
prising more than 200 nucleotides that do not encode pro-
teins. Cytoplasmic IncRNAs frequently serve as “sponges,”
which are molecules that bind to and sequester microRNAs
(miRNAs) from their usual targets, thereby modulating the
activity of the miRNAs (Dinescu et al. 2019). A substan-
tial body of research has demonstrated the involvement
of IncRNAs in the onset and progression of PCa, exerting
either tumor-suppressive or oncogenic effects (Taheri et al.
2023; Shree et al. 2023). For example, IncRNA AFAP1-
AS]1 has been demonstrated to facilitate PCa cell prolifera-
tion and invasion, thereby functioning as an oncogene (Liu
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et al. 2021). A recent study has identified LINCO1128 as a
tumor promoter in pancreatic cancer, suggesting a poten-
tial association with the disease’s prognosis (Zhong et al.
2022). One study identified LINC01128 as a differentially
expressed IncRNA in PCa by analyzing the GSE46602 data-
set (Ye et al. 2018). Nevertheless, the biological function
and mechanism of LINCO01128 in PCa have not yet been
reported by any study. Furthermore, LINC01128 has been
demonstrated to affect cellular processes in glioma cells by
modulating miR-27b-3p (Zhang et al. 2022). In a previous
study, Chen et al. indicated that miR-27b-3p functions as a
suppressor in PCa (Chen et al. 2019). It is therefore postu-
lated that LINCO1128 exerts biological functions in PCa by
regulating miR-27b-3p.

In the present study, the clinical significance of
LINCO1128 in PCa was analyzed through the evaluation
of relevant clinical data. Additionally, the mechanisms by
which LINC01128 affects PCa cell growth and metastasis
were investigated through in vitro experiments.

Materials and methods
Study subjects

Cancerous and paracancerous normal tissues were col-
lected from 125 patients with PCa who underwent radical
prostatectomy between 2018 and 2020 at Longhua Hospi-
tal Shanghai University of Traditional Chinese Medicine.
All patients with PCa were included based on the results of
pathological diagnosis. The study obtained ethical approval
from the hospital ethics committee. Inclusion and exclusion
criteria: (1) patients with complete clinical information; (2)
the patient or their relatives must sign an informed consent
form; (3) patients who have not undergone molecularly tar-
geted therapy, neoadjuvant therapy, chemoradiotherapy, and
so forth; (4) the patient does not have other malignant neo-
plasms; and (5) patients who are able to complete follow-up
visits.

RT-qPCR

The extraction of total RNA was carried out using TRI
reagent (Sigma-Aldrich, Germany). The cDNA was reverse-
transcribed using the miRNA cDNA Synthesis Kit (Cwbio,
Jiangsu, China) and amplified by RT-qPCR in accordance
with the instructions provided with the MicroRNAs qPCR
Kit (Sangon Biotech, Shanghai, China). GAPDH and U6
were utilized to normalize LINC01128 and miR-27b-3p,
respectively. The relative level of LINCO1128 and miR-
27b-3p was calculated using the 24" method.
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Cell lines and transfection

PCa cell lines (LNCaP, PC-3, 22Rvl, and DU145) and
human normal prostate epithelial cells (RWPE-1) were pro-
cured from ATCC (USA). LNCaP and 22Rv1 were cultured
in RPMI-1640 medium, PC-3 in Ham’s F-12 K medium,
DU145 in DMEM medium, and RWPE-1 in K-SFM
medium. The medium was supplemented with 10% FBS
and penicillin-streptomycin (Gibco, USA). The cells were
cultivated in an incubator at 37 °C and 5% CO: atmosphere.

The siRNA targeting LINCO01128 (si-LINC01128) and
the negative control (si-NC) were synthesized by RiboBio
(Guangzhou, China). The miR-27b-3p mimic, miR-27b-3p
inhibitor, mimic NC, and inhibitor NC were procured from
MedChemExpress (USA). Transfection was conducted
using Lipofectamine RNAIMAX (Invitrogen, USA).

Western blot

Cells were lysed using Pierce RIPA buffer (Thermo Sci-
entific,c, USA), which contains 1% cocktail. The protein
samples were separated by SDS-PAGE. Subsequently, the
proteins in the gel were transferred to a PVDF membrane
(Millipore, USA). To prevent non-specific binding of the
antibody, the membrane was incubated with 5% skim milk
for 2 h. The primary antibodies utilized were procured from
Cell Signaling Technology (USA), including N-cadherin
(13116T), E-cadherin (3195T), and Vimentin (5741T),
which were diluted at a ratio of 1:1000. The GAPDH anti-
body (ab9485, Abcam, UK) was diluted at a ratio of 1:2500.
The membranes were incubated with primary antibodies at
4 °C overnight. Subsequently, the membranes were incu-
bated with Rabbit IgG (H+L) Cross-Adsorbed Secondary
Antibody (31212, Invitrogen, USA) diluted at 1:3000 for
1 h at room temperature. The blots were visualized using the
Clarity Western ECL Substrate Kit (Bio-Rad, USA).

CCK-8 assay

Cells were inoculated into 96-well plates. The CCK-8 solu-
tion (Beyotime, Shanghai, China) was added to the wells at
24-hour intervals (0, 24, 48, and 72) for a two-hour incuba-
tion period. The absorbance values (ODaso nm) were deter-
mined using a Synergy HTX microplate spectrophotometer
(BioTek, USA).

Transwell assay

The upper chamber of the Transwell inserts (Corning, USA)
was prepared with matrix gel (which was not utilized in

migration experiments), and the lower chamber was filled
with complete medium. The transfected cells were seeded
into the upper chamber as a cell suspension in FBS-free
medium and cultured under routine conditions for 48 h. The
residual cells on the membrane of the upper chamber were
removed gently. The chambers were fixed with 4% para-
formaldehyde and subsequently stained with 0.1% crystal
violet. Five fields of view were selected for photographing
and counting the migrated and invaded cells under an 1X83
inverted microscope (Olympus, Japan).

Bioinformatics analysis

The differential expression of LINC01128 in PCa, as well
as its association with different survival states, was ana-
lyzed using the online UALCAN database (https://ualca
n.path.uab.edu/analysis.html). The relative expression of
miR-27b-3p in PCa was analyzed using the online database
starBase (https://rnasysu.com/encori/). Additionally, the
complementary sites of LINC01128 and miR-27b-3p were
predicted using this database.

Dual-luciferase reporter assay

The wild-type (WT) and mutant (MUT) vectors (WT-
LINCO01128, MUT-LINCO01128) were constructed based on
the complementary sites of LINC01128 and miR-27b-3p.
Luciferase vectors were transfected into DU145 cells with
either miR-27b-3p mimic, inhibitor, or corresponding nega-
tive controls. Following 48 h of cultivation, the luciferase
activity was quantified.

Statistical analysis

The collected data were analyzed and presented in graphical
form using GraphPad Prism 8.0 and SPSS 22.0. Discontinu-
ous variables were analyzed by Chi-square test. Prognostic
information was assessed using Cox regression analysis and
Kaplan-Meier curve. The correlation between the expres-
sion levels of LINC01128 and miR-27b-3p in PCa tissues
was evaluated using Pearson’s method. Continuous vari-
ables were recorded as standard deviation of the means, and
differences between groups were compared using Student’s
t-test or one-way ANOVA. There was a statistical difference
at P<0.05.
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Results

The upregulation of LINCO1128 in PCa was related
to prognosis

The analysis of the UALCAN database disclosed that the
relative expression of LINCO01128 was markedly elevated
in PCa tissues (Fig. 1A). Furthermore, a notable distinc-
tion in the survival of patients with PCa exhibiting differ-
ent levels of LINCO01128 was also observed (Fig. 1B). The
present study investigated the expression of LINC01128 in
125 PCa tissues and paracancerous normal tissues. Conse-
quently, LINC01128 was found to be overexpressed in PCa
(Fig. 1C).

The mean level of LINCO01128 in PCa was employed as
a threshold to categorize patients into high- and low-expres-
sion groups. Higher levels of LINC01128 were found to be
associated with advanced tumor-node-metastasis (TNM)
stage (P=0.019), lymph node metastasis (P=0.001), and
higher Gleason score (P=0.039) in subjects (Table 1). Fur-
thermore, patients with elevated LINC01128 levels exhibited
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a reduced overall survival rate (P=0.021, Fig. 1D). Cox
regression analysis uncovered that LINCO01128 [hazard ratio
(HR)=3.690, 95% confidence interval (CI)=1.205-11.301],
lymph node metastasis (HR=2.945, 95% CI=1.123-7.722),
and Gleason score (HR=3.550, 95% CI=1.184-10.644)
were independent prognostic factors for PCa (Fig. 1E).

Knockdown of LINCO1128 suppressed the malignant
phenotype of PCa cells

In comparison to normal prostate cells (RWPE-1),
LINCO01128 was also observed to be overexpressed in PCa
cells (Fig. 2A). Subsequently, 22Rvl and DU145 cells
were selected for further in vitro experimentation. In com-
parison to si-NC, the transfection of si-LINC01128 reduced
LINCO1128 expression in both 22Rvl and DUI145 cells
(Fig. 2B). The silencing of LINCO01128 was observed to
inhibit the viability of both 22Rv1 and DU 145 cells (Fig. 2C).
The knockdown of LINCO01128 also demonstrated the atten-
uation of the migratory and invasive capabilities of 22Rv1
and DU145 cells (Fig. 2D and E). To elucidate the function
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Fig. 1 The clinical significance of LINC01128 expression in PCa. (A)
The UALCAN database revealed the upregulation of LINC01128 in
PCa. FPKM: fragments per kilobase per million mapped reads exon
model (a standardized metric utilized for the analysis of gene expres-
sion in RNA-seq data). (B) The UALCAN database revealed that
patients with PCa who exhibited high levels of LINC01128 demon-
strated a significantly reduced survival compared to those with low
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levels of LINCO01128. (C) The expression of LINC01128 was mark-
edly elevated in PCa tissues (n=125) relative to paracancerous normal
tissues (n=125). (D) The survival of patients with PCa who exhib-
ited high levels of LINC01128 (n=64) was less favorable than those
with low LINCO01128 expression (n=61). (E) Cox regression analysis
revealed that LINC01128 serves as an independent prognostic indica-
tor for PCa. ***P<0.001
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Table 1 The association between LINC01128 expression and patho-
logical features of PCa patients

Variables Cases LINCO01128 expression P
(n=125) Low High value
(n=61) (n=64)
Age (years) 0.312
<60 57 25 32
>60 68 36 32
Tumor size (cm) 0.754
<4 72 36 36
>4 53 25 28
TNM stage 0.019
I-1I 75 43 32
III 50 18 32
PSA (ng/mL) 0.108
<10 75 41 34
>10 50 20 30
Lymph node 0.001
metastasis
Absence 85 50 35
Presence 40 11 29
Gleason score 0.039
<7 64 37 27
>77 61 24 37

Abbreviations: PCa, prostate cancer; TNM, tumor-node-metastasis;
PSA, prostate specific antigen

of LINCO01128 in epithelial-mesenchymal transition (EMT),
the expression of EMT markers was measured following the
knockdown of LINCO01128. In 22Rv1 and DU145 cells, the
silencing of LINC01128 resulted in a notable elevation in
the protein level of E-cadherin and a substantial reduction
in the protein level of N-cadherin and Vimentin (Fig. 2F).

LINCO01128 sponged miR-27b-3p in PCa cells

As stated in the preceding research, a targeting relationship
was reported between LINCO1128 and miR-27b-3p. The
analysis of the starBase database demonstrated a notable
decline in the relative expression of miR-27b-3p in PCa
(Fig. 3A). Additionally, the level of miR-27b-3p was mark-
edly diminished in the PCa tissues included in this study
(Fig. 3B), exhibiting a negative correlation with LINC01128
(r =-0.757, P<0.001, Fig. 3C). Consistently, miR-27b-3p
demonstrated decreased expression in PCa cells (Fig. 3D).
Furthermore, a targeting relationship was confirmed in
DU145 cells based on the complementary sites of miR-
27b-3p and LINCO1128. The miR-27b-3p mimic was
observed to reduce the luciferase activity of LINCO1128-
WT, while the miR-27b-3p inhibitor displayed a contrary
effect (Fig. 3E).

LINCO1128 regulated cellular processes in PCa via
miR-27b-3p

In DU145 cells, the levels of miR-27b-3p were effec-
tively enhanced by the transfection of the miR-27b-3p
mimic (Fig. 4A). Overexpressed miR-27b-3p markedly
repressed the growth, migration, and invasion of DU145
cells (Fig. 4B-D). The silencing of LINCO01128 resulted
in an increased level of miR-27b-3p, which was reversed
by miR-27b-3p inhibitor (Fig. 5A). The downregulation
of miR-27b-3p markedly diminished the inhibitory effects
of LINCO01128 knockdown on cell growth, migration, and
invasion (Fig. 5B-D). Furthermore, a reduction in miR-
27b-3p expression mitigated the impact of LINCO01128
silencing on EMT markers in DU145 cells (Fig. 5SE).

Discussion

At present, the pathogenesis of PCa remains to be fully
elucidated. The prevailing hypothesis suggests that PCa
is mainly linked to the abnormalities of prostate cell pro-
liferation and apoptosis, inflammatory stress, and tumor
cell immune tolerance (Debelec Butuner et al. 2023). The
exploration of novel biomarkers is not only advantageous
for the monitoring of PCa progression, but also for the
development of personalized treatments. It has been docu-
mented that IncRNAs possess the capacity to modulate the
progression of PCa (Haghighi et al. 2023). For instance,
IncRNA MAGI2-AS3 was identified as a suppressor in the
progression of PCa (Yang et al. 2023). Additionally, several
IncRNAs are implicated in the promotion of PCa progres-
sion, including TMPO-AS1, MNX1-AS1, and LINC01126
(Wang et al. 2023; Liang et al. 2022; Cai et al. 2024).
According to a previous report, LINC01128 was shown to
be overexpressed in PCa in the GSE46602 dataset (Ye et al.
2018). In this study, it was found that LINCO01128 exhib-
ited elevated levels in PCa tissues and was related to lymph
node metastasis, higher Gleason score, and advanced TNM
stage. Furthermore, an elevated expression of LINC01128
was observed to correlate with a reduced survival time in
patients with PCa. LINC01128 was identified as an inde-
pendent predictor of poor prognosis in PCa. Moreover, the
analysis revealed that lymph node metastasis and Gleason
score were risk factors for patient mortality, which are sig-
nificant indicators for evaluating the degree of malignancy
and prognosis of PCa (Ge et al. 2023a, b). These findings
indicate that the upregulation of LINCO01128 is potentially
linked to malignant progression and poor prognosis in PCa.

It has been established that IncRNAs exert a pivotal
regulatory influence over a series of vital cellular activities.
Dysregulated expression of IncRNAs was observed to be
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Fig. 2 Effects of LINC01128 on cellular processes in PCa. (A) In
PCa cells, LINC01128 expression was found to be higher in com-
parison to normal prostate cells. (B) In 22Rv1 and DU145 cells,
LINCO01128 expression was found to be repressed by the transfection
of si-LINCO01128. (C) The silencing of LINC01128 markedly dimin-
ished the viability of 22Rv1 and DU145 cells as detected by CCK-8
assay at 0, 24, 48, and 72 h post-transfection. D and E. The knock-

related to the onset and progression of numerous diseases,
including malignant tumors (Ge et al. 2023a, b; Park et
al. 2022). In PCa, IncRNA VPS9D1-AS1 was discovered
to be overexpressed, exerting a promotional effect on the
phenotype of tumor cells (Wu et al. 2023). Increasing evi-
dence indicates that LINC01128 modulates the malignant
phenotype of tumor cells, including those associated with
pancreatic, cervical, and colorectal cancers (Zhong et al.
2022; Hu et al. 2019; Zhou et al. 2024). At present, EMT is
recognized as one of the key mechanisms of PCa invasion

@ Springer

w

=3 siNC
1.5o=3 si-LINCO1128

kok*k Kk*k

Relative expression
of LINC01128

22Rv1

=3 si-NC =3 si-NC
150-E=1 si-LINC01128 150531 si-LINC01128
*kk *kkk *kk

-
=)
=3

50

Relative migration rate (%)
Relative invasion rate (%)

o

22Rv1 DU145

&
N
&
O
S ¥
> &
E-cadherin v e = si-NC
£ 3- B3 si-LINC01128
2 *k
@
i | 4
N-cadherin o= o g
| o &
T
. . 58
Vimentin e s ag
[
2
K
GAPDH &

E-cadherin N-cadherin Vimentin

down of LINCO01128 exhibited a substantial inhibitory effect on the
migration (D) and invasion (E) of 22Rv1 and DU145 cells as detected
by the Transwell assay at 48 h post-transfection. F. The silencing of
LINCO01128 demonstrated the ability to regulate EMT markers, includ-
ing E-cadherin, N-cadherin, and Vimentin. *P<0.05, **P<0.01,
***P<(.001

and metastasis (Gogola et al. 2023; Goncharov et al. 2024).
Abnormalities in the structure and function of adhesion
molecules in tumor cells during EMT result in a decrease in
tumor cell-to-cell adhesion, accompanied by an increase in
motility. The hallmark of EMT is the repression of epithelial
cell markers and the activation of mesenchymal cell mark-
ers (Tomecka et al. 2024). Here, silencing of LINC01128
in PCa cells suppressed cell proliferation and metastasis, as
well as an inhibitory effect on EMT. These findings suggest
that LINC01128 might function as a promoter of PCa.
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Fig. 3 The targeting relationship between LINCO01128 and miR-
27b-3p. A. The analysis of the starBase database disclosed that miR-
27b-3p expression was reduced in PCa (n=495) compared to normal
samples (n=52). B and C. miR-27b-3p was found to be downregu-
lated in PCa tissues included in this study (B), exhibiting a negative

Typically, IncRNAs bind to miRNAs in a complemen-
tary manner, exerting their effects by acting as molecular
sponges to inhibit the function of miRNAs (Kazimierczyk
and Wrzesinski 2021). For example, recent research has
indicated that IncRNA HCG18 contributes to the progres-
sion of PCa by regulating miR-512-3p (Zhu et al. 2024). In
gliomas, LINC01128 was found to facilitate tumor progres-
sion by targeting miR-27b-3p. In other neoplasms, such as
colorectal cancer, esophageal squamous cell carcinoma, and
hepatocellular carcinoma, miR-27b-3p was demonstrated
to play a pivotal role during tumor progression (Gao et al.

LINCO1128 : 5' AAAUACAGCACCUACUGUGAA 3'

[ Lor=rrrrnnl

hsa-miR-27b-3p : 3' CGUCUUGAAUCGGUGACACUU 5'

correlation with LINC01128 (C). D. Low expression of miR-27b-3p
was observed in PCa cells. E. The luciferase activity of LINC01128
in DU145 cells was inversely regulated by miR-27b-3p. *P<0.05,
**P<0.01, ***P<0.001

2024; Zhu et al. 2022; Lin et al. 2022). Several studies have
confirmed the regulatory role of miR-27b-3p in PCa pro-
gression (Yang et al. 2024; Chen et al. 2023). In the present
study, miR-27b-3p suppressed the growth and metastasis
of PCa cells. The knockdown of LINC01128 exhibited a
considerable impact on miR-27b-3p expression. Concur-
rently, reducing the expression of miR-27b-3p could miti-
gate the inhibitory effect of silencing LINC01128 on the
cellular process in PCa. Therefore, the mechanism by which
LINCO1128 exerts its tumor-promoting potential may be
attributed to this regulation of miR-27b-3p.
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Fig. 4 Effects of miR-27b-3p on the function of PCa cells. (A) The
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However, some limitations of the study should be noted.
Firstly, a relatively small sample size was employed, and
the samples were obtained from a single center. To validate
the clinical analysis results, future studies should include
a greater number of PCa patients. Secondly, additional
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miR-27b-3p remarkably reduced the viability of DU145 cells. C and
D. Overexpression of miR-27b-3p showed marked suppression of
migration (C) and invasion (D) of DU145 cells. ***P<0.001

research is required to reveal the downstream genes and the
signaling pathways involved in PCa progression. Finally, in
vivo experiments are an essential tool for tumor research,
and animal experiments are needed to verify the impact of
LINCO01128 on tumor progression in future studies.
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Fig. 5 miR-27b-3p mediated the function of LINC01128 in PCa. A.
In DU145 cells, the silencing of LINC01128 enhanced the levels of
miR-27b-3p, while this effect could be reversed by miR-27b-3p inhibi-
tor. B-D. Decreased expression of miR-27b-3p mitigated the suppres-
sion of proliferation (B), migration (C), and invasion (D) of DU145

In conclusion, upregulation of LINC01128 was associ-
ated with the malignant progression of PCa and poor prog-
nosis of patients. Moreover, LINC01128 may be involved
in PCa progression as a tumor promoter mediated by
miR-27b-3p.
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