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Altered expression of IncRNA NCK1-AS1 distinguished patients
with prostate cancer from those with benign prostatic hyperplasia
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Abstract. Long non-coding (Inc)RNA NCKI1 antisense
RNA 1 (NCK1-ASI) has been characterized as an oncogene
in cervical cancer, while its role in prostate cancer (PC)
remains unknown. It was revealed in the present study that
plasma NCK1-AS1 was upregulated in patients with PC when
compared with patients with benign prostatic hyperplasia
(BPH) and healthy controls. Upregulation of NCK1-AS1
distinguished patients with PC from patients with BPH and
healthy controls. Overexpression of NCK1-ASl led to signifi-
cantly upregulated transforming growth factor (TGF)-f1,
while TGF-B1 overexpression failed to significantly affect
NCKI1-ASI in PC cells. NCK1-ASI1 overexpression led to
promoted migration and invasion. TGF-f3 inhibitor played an
opposite role and attenuated the effects of NCK1-AS1 over-
expression. Therefore, NCK1-AS1 may upregulate TGF-$1 to
promote PC.

Introduction

Prostate cancer (PC) is the most common type of malignancy
and the second major cause of cancer-associated mortalities
in males worldwide in 2018 (1). Due to its aggressive nature,
PC can develop rapidly and invade surrounding tissues, or
even develop into metastatic PC, leading to poor prognosis (2).
The progression of PC is closely correlated with dysregulated
androgen receptor, and ablation of androgen is the primary
treatment method for PC (3,4). However, castration-resistance
will inevitably develop after 18-24 months of androgen
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deprivation (5). Therefore, novel therapeutic approaches are
required. However, the molecular pathogenesis underlying
PC remains unknown, which limits the identification of novel
therapeutic targets.

Long non-coding (Inc)RNAs (>200 nucleotides in length),
which are transcribed by RNA polymerase II, are RNA
transcripts that lack open reading frames, and thus encode no
proteins (6). Previous studies have revealed that the major role
of IncRNAs in diverse biological processes is the regulation
of gene expression (7,8). In cancer biology, IncRNAs regulate
the expression of oncogenes or tumor suppressors to promote
the inhibition of tumor development (9). Thus, certain key
cancer-associated IncRNAs are considered promising targets
for cancer therapy (10). Therefore, characterization of IncRNAs
functions is required. NCK1 antisense RNA 1 (NCK1-AS1)
has been characterized as an oncogenic IncRNA in cervical
cancer (11). The present study was performed with the aim of
investigating the role of NCK1-ASl1 in PC.

Materials and methods

Research subjects. The research subjects of the present study
included 60 male patients with PC, mean age 52.7+5.3 years
(range, 44-64 years); 58 male patients with BPH, mean age
53.1+4.7 years (range, 43-65 years); and 60 healthy males,
mean age 54.3+5.6 years (range, 44-65 years). All participants
were diagnosed at The First Affiliated Hospital of Soochow
University (Suzhou, China) between December 2015 and
December 2018. The inclusion criteria of the patients were as
follows: 1) New cases diagnosed by histopathological exami-
nations (blinded pathologists); ii) patients had received no
form of therapy prior to admission; iii) patients had American
Joint Committee on Cancer (AJCC) (12) stage I (n=24) or
stage II (n=36). The exclusion criteria of the patients were as
follows: i) Any other clinical disorders were observed, such as
metabolic diseases and inflammatory diseases; ii) patients had
received a form of therapy within 3 months prior to admis-
sion; iii) patients had a previous history of malignancies;
iv) patients had a family history of malignancies. Based on the
AJCC staging system, the 60 patients with PC included 8, 12,
19 and 21 cases at clinical stage I, I, III and IV, respectively.
According to the Gleason grade (13), there were 6, 8, 12, 19
and 15 cases at grades I, II, III, IV and V, respectively. All
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participants had the principle experiment explained to them
and written informed consent was provided by all patients
and healthy males. The present study was approved by the
Ethics Committee of The First Affiliated Hospital of Soochow
University.

Plasma and cells. Prior to the initiation of any therapies,
fasting blood (5 ml) was extracted from the basilic vein of all
patients with PC (n=60), patients with BPH (n=58) and healthy
males (n=60). Blood was transferred to EDTA-treated tubes
and centrifuged for 15 min at 1,250 x g at room temperature
to separate serum.

The present study included two human PC cell lines,
DU145 and 22Rvl [American Type Culture Collection
(ATCCQ)], and a normal prostate cell line, RWPE-1 (ATCC).
Cells were cultured in Eagle's minimum essential medium
[10% fetal bovine serum (FBS; ATCC)] at 37°C and 5% CO,.
Cells were collected at ~80% confluence for subsequent
experimentation.

Reverse transcription-quantitative PCR (RT-gPCR). Plasma
(0.15 ml) or 10° DU145, 22Rvl and RWPE-1 cells were mixed
with 1 ml Ribozol™ RNA Extraction Reagent (Krackeler
Scientific, Inc.) to extract total RNA. AMV Reverse
Transcriptase (Sigma-Aldrich; Merck KGaA) and SYBR
Green Master Mix (Bio-Rad Laboratories, Inc.) were used
to perform the RT (at the following conditions: 20 min at
50°C and 10 min at 80°C) or preparing JPCR mixtures with
18S ribosomal (r)RNA or GAPDH as endogenous control
to analyze the expression of NCK1-ASI or TGF-f1 mRNA,
respectively. Sequences of primers were: NCK1-AS1 forward,
5"TTCCCATTTCTCCCAGGTC-3' and reverse, 5S"TGGTTA
CTTTGAGCCTGCC-3"; GAPDH forward, 5-GGAGCGAGA
TCCCTCCAAAA-3" and reverse, 5-GGCTGTTGTCATACT
TCTCATG-3"; TGF-p1 forward, 5-GGAGAGCCCTGGATA
CCAAC-3' and reverse, 5'-CAACCCAGGTCCTTCCTA
AA-3'"; and 18S rRNA forward, 5'-CTACCACATCCAAGG
AAGC-3' and reverse, 5-TTTTCGTCACTACCTCCCCG-3".
The thermocycling conditions were as follows: Initial dena-
turation at 95°C for 1 min, 40 cycles of 95°C for 10 sec and
55°C for 40 sec. All experiments were repeated in triplicate
and quantified using the 2224 method (14). The sample with
the highest %9 values was set to ‘1’, and all other samples were
normalized to this sample.

ELISA. TGF-B1 in plasma was detected via ELISA using
Human TGF-f1 Quantikine ELISA kit (cat. no. DB100B; R&D
Systems, Inc.). Levels of TGF-f31 were expressed as ng/ml.

Cell transient transfections. NCK1-AS1 and TGF-f1 expres-
sion vectors were constructed by Sangon Biotech Co., Ltd.
using a pcDNA3 vector. DU145 and 22Rv1 cells were collected
when they had reached 70-90% confluence. Lipofectamine®
2000 reagent (Thermo Fisher Scientific, Inc.) was used trans-
fect 10 nM NCK1-AS1 or TGF-$1 expression vector, or 10 nM
empty vector (negative control group; NC) into 10° DU145
or 22Rvl1 cells. This experiment also included cells that had
not undergone transfection to serve as control cells (Control
group; C). All subsequent experiments were performed using
cells collected at 24 h after transfection.
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Figure 1. Plasma NCK1-AS1 was specifically upregulated in patients with PC.
Plasma NCK1-AS1 was detected by performing reverse transcription-quan-
titative PCR, and expression data were analyzed with one-way analysis of
variance and Tukey tests. Plasma levels of NCK1-AS1 were significantly
higher in PC groups compared with in the other two groups. However, no
significant differences were observed between patients with BPH and healthy
males. "P<0.05 vs. PC group. NCK1-AS1, NCKI1 antisense RNA 1; PC, pros-
tate cancer, BPH, benign prostatic hyperplasia.

Measurement of cell migration and invasion abilities. At
24 h after transfection, DU145 and 22Rv1 cells were collected
and 3x10* cells were mixed with 1 ml Eagle's Minimum
Essential Medium containing 1% FBS to prepare single cell
suspensions. In cases of TGF-f inhibitor treatment, SB431542
(10 nM; SB; Sigma-Aldrich; Merck KGaA) was added into the
cell suspensions. Matrigel (cat. no. 356234; EMD Millipore)
was used to coat the upper Transwell chamber membrane, and
0.1 ml cell suspension was added. The lower chamber was
filled with the aforementioned medium containing 20% FBS.
Cells were incubated at 37°C with 5% CO, for 24 h, followed
by staining of the lower face of the membranes with 1% crystal
violet (Sigma-Aldrich; Merck KGaA) for 20 min at room
temperature. The stained membranes were observed under a
light microscope to count the cells.

Western blotting. At 24 h after transfections, DU145 and
22Rv1 cells were collected, and 2x10° cells were mixed
with 1 ml RIPA solution (Thermo Fisher Scientific, Inc.) for
total protein extraction. Following protein denaturation, the
proteins were separated via SDS-PAGE (10% gel; 30 ug per
lane) and then transferred to PVDF membranes. Following
blocking in 5% non-fat milk (2 h at room temperature),
TGF-p1 (1:1,200; cat. no. ab92486) and GAPDH (1:1,200;
cat. no. ab9485) rabbit polyclonal primary antibodies (both
from Abcam) were incubated with the membranes at 4°C over-
night. After that, IgG-horseradish peroxidase-conjugated goat
anti-rabbit secondary antibody (1:1,000; cat. no. MBS435036;
MyBioSource, Inc.) was incubated with the membranes for 2 h
at room temperature. Finally, Pierce ECL Western Blotting
Substrate (Pierce; Thermo Fisher Scientific, Inc.) was used to
develop signals and Image J software (version 1.46; National
Institutes of Health) was used to analyze the data.

Statistical analysis. All data are presented as the mean + stan-
dard deviation, which were calculated using data from
3 biological replicates of each experiment. Differences
among 3 groups of participants or different groups of cells
were analyzed using one-way analysis of variance (ANOVA)
followed by Tukey tests. Correlations were analyzed via linear
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Figure 2. Upregulation of NCK1-ASI distinguishes patients with PC from patients with BPH and healthy controls. Receiver operator characteristic curve
analysis was performed to evaluate the diagnostic value of plasma NCK1-ASI for PC. It was observed that upregulation of NCK1-AS1 distinguished patients
with PC from (A) patients with BPH and (B) healthy males. NCK1-AS1, NCK1 antisense RNA 1; PC, prostate cancer, BPH, benign prostatic hyperplasia.

regression. A receiver operating characteristic (ROC) curve
was used to analyze the diagnostic values. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Plasma NCK1-AS]1 is specifically upregulated in patients with
PC. Plasma NCK1-ASl1 in patients with PC (n=60), patients
with BPH (n=58) and healthy males (n=60) was detected by
performing RT-qPCR, and the expression data were analyzed
by performing one-way ANOVA and Tukey tests. It was
observed that the plasma levels of NCK1-AS1 were significantly
higher in the PC group than in the other two groups (P<0.05;
Fig. 1). However, no significant differences were observed
between patients with BPH and healthy males (Fig. 1). It is also
worth noting that the expression level of NCK1-AS1 was also
significantly higher in DU145 (2.7-fold) and 22Rv1 (3.3-fold)
cells than in RWPE-1 cells (P<0.05; Fig. S1). Furthermore, a
slight increase in NCK1-ASI levels alongside the increase of
Gleason score (Fig. S2A) and clinical stages (Fig. S2B) was
observed, but these increases were not significant.

Upregulation of NCKI1-ASI distinguishes patients with PC

from patients with BPH and healthy males. The ROC curve
analysis was performed to evaluate the diagnostic value of plasma
NCK1-ASI for PC. Patients with PC were used as true positive
cases. For patients with BPH as true negative cases, the area under
the curve (AUC) was 0.95, with a standard error of 0.017 and 95%
confidence interval of 0.92-0.99 (Fig. 2A). With healthy males
as true negative cases, area AUC was 0.95, with a standard error
of 0.018 and 95% confidence interval of 0.92-0.98 (Fig. 2B). The
diagnostic value of TGF-p1 for PC was analyzed by ROC, and the
AUCs were 0.96 (standard error, 0.017; 95% confidence interval,
0.92-0.99) and 0.93 (standard error, 0.019; 95% confidence
interval, 0.91-0.97) in patients with BPH (Fig. S3A) and healthy
controls (Fig. S3B), respectively, as true negative cases.

TGF-p1 is positively correlated with NCK1-ASI in the plasma
of patients with PC. TGF-P1 in the plasma of patients with PC
was detected via ELISA. The correlation between TGF-f1 and
NCKI1-ASI in the plasma of patients with PC was analyzed
with linear regression. As presented in Fig. 3, TGF-p1 and
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Figure 3. TGF-P1 was positively correlated with NCK1-AS1 in the plasma
of patients with PC. Linear regression analysis revealed that plasma TGF-f1
and NCK1-ASI1 were positively and significantly correlated in patients with
PC. TGF-1, transforming growth factor 31; NCK1-ASI, NCK1 antisense
RNA 1; PC, prostate cancer.

NCKI1-AS1 were positively and significantly correlated
(r*=0.8208; P<0.0001).

NCKI1-AS1 is an upstream positive regulator of TGF-f1.
NCK1-AS1 and TGF-f1 expression vectors were transfected
into DU145 and 22Rvl cells. Compared with the C and NC
control groups, the expression levels of NCK1-AS1 and
TGF-p1 were significantly increased at 24 h after transfec-
tion of NCK1-AS1 and TGF-p1 expression vectors (P<0.05;
Fig. 4A). Furthermore, overexpression of NCK1-ASI led
to significantly upregulated TGF-f1 at both the mRNA and
protein levels (P<0.05; Fig. 4B), while TGF-f1 overexpression
failed to significantly affect NCK1-ASI in PC cells (Fig. 4C).

NCKI-ASI regulated PC cell migration and invasion through
TGF-1. NCK1-AS1 and TGF-f1 overexpression resulted in
increased invasion (Fig. 5A) and migration (Fig. 5B) rates of
DUI145 and 22Rvl cells (all P<0.05). Treatment with TGF-f3
inhibitor SB431542 (10 nM; SB; Sigma-Aldrich; Merck KGaA)
for 24 h played an opposite role and attenuated the effects of
NCKI1-AS1 overexpression (P<0.05; Fig. 5).
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Figure 4. NCK1-AS1 is an upstream positive regulator of TGF-p1. NCK1-AS1 and TGF-f1 expression vectors were transfected into DU145 and 22Rvl cells,
and (A) overexpression of NCK1-AS1 and TGF-f1 was confirmed at 24 h after transfection. (B) Overexpression of NCK1-ASlI led to significantly upregulated
TGF-B1 at both mRNA and protein levels, while (C) TGF-f1 overexpression failed to significantly affect NCK1-AS1 in PC cells. "P<0.05 vs. C group; "P<0.05
vs. NC group. NCK1-AS1, NCK1 antisense RNA 1; TGF-f1, transforming growth factor p1; C, control; NC, negative control.

>

Relative cell invasion (%)

s

Relative cell migration (%)

250+

2504

NC NCK1- TGF-fi1
AS1

DU145

SB

NCK1-
AS1+
SB

NC

NCK1- TGF-p1
AS1

DU145

SB

NCK1-
AS1+
SB

250 L3

Relative cell invasion (%)

c NC  NCKi- TGF-B1 SB  NCKI-
AS1 AS1+
22Rv1 sB
250 .

Relative cell migration (%)

NG  NCKi- TGF-B1 SB  NCKI-
AST AS1+
22Rv1 sB

Figure 5. NCK1-ASI regulated PC cell migration and invasion through TGF-f1. The data from the Transwell migration and invasion analysis revealed that
NCKI1-ASI and TGF-B1 overexpression resulted in (A) increased invasion and (B) migration rates of DU145 and 22Rvl cells. TGF-f inhibitor played an
opposite role and attenuated the effects of NCK1-AS1 overexpression. ‘P<0.05 vs. C group; “P<0.05 vs. NCK1-AS1 group. NCK1-AS1,NCK1 antisense RNA 1;
PC, prostate cancer; TGF-f1, transforming growth factor 1; C, control; NC, negative control; SB, SB431542.

Discussion

The expression pattern, function and clinical potential of
NCK1-ASI1 for PC were systematically investigated in the

present study. It was revealed that NCK1-AS1 was upregulated
in PC and can be used to effectively distinguish PC from BPH
and healthy controls. In addition, NCK1-AS1 may upregulate
TGF-p1 to promote PC cell migration and invasion.
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In the clinical practice, PC and BPH share similar
imaging characteristics. Previous studies have developed
multiple approaches to distinguish PC from BPH, such
as genetic and epigenetic markers (15) and blood-based
multiple marker detection (16). However, these approaches
are limited by the complicated operations and insuf-
ficient accuracy (15,16). Due to the non-invasive nature,
blood-circulating biomarkers, such as IncRNAs, have indi-
cated promising potential in the prediction of disease (17).
In the present study it was observed that NCK1-AS1 was
upregulated in the plasma of patients with PC, and upregu-
lation of NCK1-AS1 distinguished patients with early
stage (AJCC stage I and II) PC from patients with BPH
and healthy males. Therefore, NCK1-AS1 may be used to
assist with the early diagnosis of PC. Currently, biopsy is
considered the best option for clinical diagnosis; however,
biopsies are not practical in certain cases. Plasma markers
are less or non-invasive. Therefore, plasma NCK1-AS1 may
be popularized in clinical practices.

The TGF-f pathway is involved in the multiple aspects
of cancer development (18). Inhibition of TGF-f3 signaling
is a promising target for inhibiting cancer metastasis (19).
In the present study, increased invasion and migration rate
of PC cells was observed following TGF-p3 overexpression,
which confirmed the enhancing effects of TGF-f on cancer
metastasis. LncRNAs may regulate TGF-f3 to participate
in cancer biology (20). In the present study it was revealed
that NCK1-ASI1 can upregulate TGF-B1 in PC cells, and
the upregulation of TGF-1 by NCK1-ASI is involved in the
regulation of PC cell migration and invasion. However, the
molecular mechanism underlying this interaction remains
unclear. It is known that CDKSs can interact with TGF-p (21),
while NCK1-AS1 regulates CDKI1 in the regulation of
cell cycle progression (22). Therefore, CDK1 may mediate
the interaction between NCK1-AS1 and TGF-p1. In addi-
tion, future studies will focus on the interactions between
NCKI1-AS1 and NCKI1, which also have oncogenic func-
tions (23).

Notably, NCK1-AS1 failed to affect PC cell proliferation,
while a recent study reported that NCK1-ASl1 can regulate cell
cycle progression (22). This is potentially due to the specific
cell lines used in the present study. Prostate specific antigen
(PSA) has been widely used to distinguish PC and BPH,
the levels of which also increase in patients with BPH (24).
In the present study, significant differences in NCK1-AS1
levels between patients with BPH and healthy controls were
observed, indicating that NCK1-ASI possesses a higher accu-
racy. However, the present study failed to analyze PSA, as PSA
levels were not available for all patients.

In conclusion, NCK1-AS1 was upregulated in PC and had
screening potential. NCK1-AS1 may upregulate TGF-fB1 to
promote PC cell migration and invasion.
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