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LncRNA TUGT1 aggravates the progression of
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Abstract. — OBJECTIVE: To explore the cor-
relation between plasma level of IncRNA TUG1
with PSA level, Gleason grading and tumor node
metastasis (TNM) stage of prostate cancer (PCa)
patients. This study aims to evaluate the poten-
tial diagnostic and prognostic values of TUG1
in PCa.

PATIENTS AND METHODS: Plasma level of
TUG1 in 70 PCa patients and 70 healthy con-
trols was determined using the quantitative Re-
al Time-Polymerase Chain Reaction (qRT-PCR).
Correlation between plasma level of TUG1 with
PSA level, Gleason grading and TNM stage of
PCa patients was analyzed. The potential diag-
nostic value of TUG1 in PCa was explored by in-
troducing the receiver operating characteristic
(ROC) curve. The survival analysis of PCa pa-
tients undergoing radical prostatectomy was
conducted using the Kaplan-Meier method and
the log-rank test. Finally, the regulatory effects
of TUG1 on in vitro proliferative and migratory
abilities of PCa cells were examined by the cell
counting kit-8 (CCK-8) and the transwell assay,
respectively.

RESULTS: QRT-PCR data revealed a high-
er plasma level of TUG1 in PCa patients than
in those of healthy controls. In particular, PCa
patients with stage IlI+IV had a higher level of
TUGH1 relative to those with stage I+Il. Moreover,
the TUG1 level was higher in PCa patients with
a higher PSA level (= 10 ng/mL), Gleason grad-
ing (= 7) or TNM stage (N1, M1). There was no
significant correlation between the plasma level
of TUG1 and the age of PCa patients. The ROC
and Kaplan-Meier curves indicated the diagnos-
tic and prognostic values of TUG1 in PCa. The
overexpression of TUG1 markedly accelerated
PCa cells to proliferate and migrate.

CONCLUSIONS: The plasma level of TUGT is
upregulated in PCa patients and is correlated to
PSA level, Gleason grading and TNM stage of
PCa. TUG1 exerts certain diagnostic and prog-
nostic values in PCa. The overexpression of
TUG1 markedly accelerates PCa cells to prolif-
erate and migrate.
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Introduction

Prostate cancer (PCa) is a common malignancy
of the urinary system in middle-aged and elderly
males. It is the second leading cause of tumor
death. About 75% of PCa cases are males over
65 years'. Early-stage PCa lacks obvious symp-
toms. Lower urinary tract symptoms (LUTS)
occur when the tumor blocks the urethra or in-
vades the bladder neck, manifesting an urinary
flow obstruction, dysuria, and bladder irritation.
Bone metastasis of the PCa leads to bone pain,
pathological fracture, and anemia?. So far, con-
ventional treatments for PCa include conservative
treatment, radical prostatectomy, radiation ther-
apy, endocrine therapy, chemotherapy, immuno-
therapy, etc.’. Despite the great strides already
made in PCa treatment, PCa patients undergoing
radical prostatectomy still experience tumor re-
currence or distant metastasis within 10 years.
The plasma level of PSA, Gleason grading, tumor
grading and malignant degree of tumor margin
are predictive indicators for the development and
prognosis of PCa®. Nevertheless, there is no rec-
ognized clinical method to accurately predict the
postoperative recurrence of PCa*. Hallmarks pre-
dicting the prognosis of PCa are widely explored,
which may also serve as therapeutic targets for
the individualized treatment of PCa’. Hence, it is
of great significance to search for novel biological
markers which effectively predict the risk and
progression of PCa.

The Human Genome Project proposed that on-
ly about 1-2% of the genes in the entire genome
are capable of encoding proteins and the remain-
ing are non-coding sequences. With the matu-
rity of the next-generation sequencing (NGS),
the long noncoding RNA (IncRNA), which was
originally thought to be transcriptional noise,
gradually exerted its important functions®. Ln-
cRNA has a transcription of more than 200 bases
in length, and it does not encode the protein or
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encodes only a short polypeptide (micropeptide).
LncRNA presents a broad tissue expression pro-
file, a strong tissue, and a cell expression speci-
ficity, which regulates gene expressions at mul-
tiple levels™. Accumulating researches’!' have
demonstrated the crucial function of IncRNAs in
accelerating or inhibiting tumor progression.

TUGI was first discovered in the developing
mouse retinal cells and is located on human chro-
mosome 22ql12.2, with a full length of 7.1 kb'.
A growing number of clinical reports’*'* have
shown that the upregulation of TUGI is closely
associated with poor prognosis and high risk of
tumor metastasis. However, the relationship be-
tween TUGI and PCa has rarely been reported.
This study mainly elucidated the potential role
of TUGI in mediating the progression of PCa,
thus providing a novel directions to improve the
clinical outcomes of the PCa patients.

Patients and Methods

Sample Collection

145 patients, diagnosed with PCa in our hos-
pital from April 2016 to September 2018, were
enrolled. Inclusive criteria were applied: PCa was
diagnosed based on prostate biopsy or patholog-
ical diagnosis after electro-prostatectomy; tumor
staging and grading were confirmed through the
accessory examinations. PCa patients accompa-
nied with other malignant tumors, coronary heart
disease and diabetes were excluded. Finally, 70
PCa patients with complete clinical data were
enrolled in this study. 70 healthy male volunteers
aged 55-75 years undergoing a physical exam-
ination in the same period were enrolled as con-
trols. After collecting 5 ml of peripheral venous
blood from each subject, the blood sample was
placed in the EDTA (ethylenediaminetetraacetic
acid) anticoagulation tube, let stand for 30 min,
and centrifuged at 3000 g/min for 15 min. The
plasma samples were placed into the RNase-free
Eppendorf (EP) tube and stored at -80°C. Signed
written informed consent was obtained from all
participants before the study. This investigation
was approved by the Ethics Committee of Qingd-
ao Central Hospital.

Cell Culture

Prostatic stromal immortalized cell line WP-
MY-1 and PCa cell lines (LNCap, DU145, PC-3
and CWR22Rvl1) were provided by the American
Type Culture Collection (ATCC; Manassas, VA,

USA). Cells were cultured in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) containing 10%
of fetal bovine serum (FBS) and 1% of penicil-
lin+streptomycin in a 5% CO, incubator at 37°C
(Gibco, Rockville, MD, USA). The medium was
replaced every other day.

Cell Transfection

TUGI siRNA, TUGI overexpressed plasmid
(TUGI-OE) and negative control (NC) were pro-
vided by GenePharma (Shanghai, China). The
cell transfection was performed using Lipofect-
amine 3000 (Invitrogen, Carlsbad, CA, USA).
Transfected cells for 48 h were harvested for the
following experiments.

RNA Extraction

0.5 mL of plasma was incubated with 1.5 mL
of TRIzol Reagent LS (Invitrogen, Carlsbad, CA,
USA) and 0.4 mL of chloroform. Subsequently,
the mixture was centrifuged at 4°C, 12000 rpm
for 15 min. Isopropanol with the same volume of
the supernatant was added for harvesting RNA
precipitate by centrifugation. The extracted RNA
was washed with ethanol, air dried for 10-15 min
and diluted in diethyl pyrocarbonate (DEPC) wa-
ter (Beyotime, Shanghai, China).

Quantitative Real-Time Polymerase
Chain Reaction (gRT-PCR)

RNA was subjected to reverse transcription on
ice using the PrimeScript RT reagent Kit (TaKa-
Ra, Code No. RR036A, Otsu, Shiga, Japan). The
obtained cDNA was amplified by the gqRT-PCR
using the SYRB Premix Ex Taq Kit (TaKaRa,
Otsu, Shiga, Japan). U6 was served as the internal
reference. The relative level of the target gene was
calculated using the 2724 method. The primer se-
quences were as follows: TUGI: F: TAGCAGTTC-
CCCAATCCTTG, R: CACAAATTCCCATCAT-
TCCC; U6: F: CTCGCTTCGGCAGCAGCA-
CATATA, R: AAATATGGAACGCTTCACGA.

Cell Counting kit-8 (CCK-8) Assay

Cells were seeded in the 96-well plate. At the
appointed time points, 10 pL. of CCK-8 reagent
was applied in each well. Optical density (OD) at
450 nm was recorded 2 h later using the CCK-8
kit (Dojindo Laboratories, Kumamoto, Japan).

Transwell Migration Assay

Cells were prepared for suspension in the se-
rum-free medium at a density of 1x10%/mL. 600
pL of medium containing 10% of FBS and 100
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pL of suspension were applied on the bottom
and upper chamber, respectively. After 24 h of
incubation, cells were subjected to fixation for 30
min and violet crystal dying for 25 min. Five ran-
domly selected fields were chosen for calculating
the migratory cells.

Statistical Analysis

Statistical Product and Service Solutions
(SPSS) 22.0 software (IBM, Armonk, NY, USA)
was used for data analyses. Data were expressed
as mean =+ standard deviation. Intergroup differ-
ence was analyzed by the t-test. Comparison be-
tween groups was done using the One-way ANO-
VA test followed by the Post-Hoc Test (Least
Significant Difference). The Kaplan-Meier curve

was introduced to analyze the survival of PCa pa-
tients, followed by the log-rank test. The receiver
operating characteristic (ROC) curve was de-
picted to evaluate the prognostic value of TUGI.
p<0.05 was considered statistically significant.

Results

High Plasma Level of TUGI in
PCa Patients

The plasma level of TUGI in PCa patients and
healthy controls was examined by qRT-PCR.
The data showed a higher level of TUGI in PCa
patients relative to controls (Figure 1A). Subse-
quently, the correlation between TUGI level and
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Figure 1. High plasma level of TUG1 in PCa patients. A, Plasma level of TUG1 in PCa patients and healthy controls determined
by qRT-PCR. B, Plasma level of TUG!1 in PCa patients with stage I+1I and stage III+IV. C, Plasma level of TUG1 in PCa patients
< 65 years and those > 65 years. D, Plasma level of TUG1 in PCa patients with PSA >10 ng/mL and those with PSA < 10 ng/
mL. E, Plasma level of TUGI in PCa patients with Gleason score > 7 and those with Gleason score < 7. F, Plasma level of TUG1
in PCa patients with NO stage and N1 stage. G, Plasma level of TUG1 in PCa patients with MO stage and M1 stage. *p<0.05;

**p<0.01; ns: no significant difference.
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pathological characteristics of PCa patients was
analyzed. PCa patients with tumor stage of [II+I1V
had higher plasma level of TUG1 compared with
those of stage I+II (Figure 1B). No significant
difference in plasma level of TUG1 was observed
between PCa patients younger than 65 years and
those over 65 years (Figure 1C). A higher level
of TUGI was observed in PCa patients with PSA
>10 ng/ml or Gleason score > 7 compared to
those with PS A< 10 ng/ml or Gleason score < 7
(Figure 1D, 1E). Based on the TNM staging, PCa
patients in NO or MO stage had a lower level of
TUGI than those in N1 or M1 stage (Figure 1F,
1G). The above data suggested the carcinogenic
role of TUGLI in PCa.

Diagnostic Value of Plasma TUGT1 in PCa
The ROC curve was introduced based on the
plasma level of TUGI in PCa patients and healthy

controls. As Figure 2A depicted, the sensitivi-
ty and specificity of TUG] were of 85.7% and
86.3%, respectively, demonstrating a potential
diagnostic value of TUGI in PCa (AUC=0.90,
cut-off value=1.265). Subsequently, the enrolled
PCa patients were divided into high-level and
low-level group based on their TUGI level. The
Kaplan-Meier curve was depicted according to
the follow-up data of PCa patients. The results
showed that PCa patients with high-level TUG1
had a worse overall survival (OS) relative to those
in low-level group (Figure 2B). Moreover, PCa
patients with high Gleason score suffered a worse
OS than those with low Gleason score (Figure
2C). PCa patients with a stage higher than T2
experienced a worse prognosis compared to those
with T1 stage (Figure 2D). These data indicated
that plasma TUGI may be a potential diagnostic
and prognostic hallmark for PCa.
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Figure 2. Diagnostic value of plasma TUGI in PCa. 4, ROC curve based on plasma level of TUGI in PCa patients and healthy
controls (AUC=0.90). B, Survival analysis based on PCa patients with high-level or low-level TUGI1. C, Survival analysis based on
PCa patients with higher Gleason score or low Gleason score. D, Survival analysis based on PCa patients with T1 stage or > T2 stage.
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Upregulated TUGT in PCa Cells

Compared with the prostatic stromal immor-
talized cell line WPMY-1, TUGI was highly
expressed in PCa cell lines (Figure 3A). LNCap
and PC-3 cells were selected for the following
experiments. First of all, the transfection effica-
cy of TUGI siRNA#1 and TUGI siRNA#2 was
verified in LNCap and PC-3 cells, both of which
could effectively downregulate TUGI level in
PCa cells (Figure 3B, 3C). The transfection
efficacy of TUG1 OE was verified in PCa cells
as well, where the TUGLI level was greatly up-
regulated in the LNCap and PC-3 cells (Figure
3D, 3E).

Overexpression of TUGI Accelerated
PCa Cells to Proliferate and Migrate

The regulatory effects of TUGI on prolifer-
ative and migratory abilities of PCa cells were
examined using the CCK-8 and transwell assay,
respectively. PCa cells overexpressing TUGI

showed an elevated viability, whereas those
with TUGI knockdown presented the inhib-
ited proliferative ability (Figure 4A, 4B). The
overexpression of TUGI in PCa cells markedly
improved the migratory ability, and conversely,
the knockdown of TUGI inhibited the migra-
tory ability in PCa cells (Figure 4C, 4D). It is
believed that TUGI aggravated the malignant
progression of PCa via the acceleration of the
proliferative and migratory abilities.

Discussion

Although progresses have been made in the
screening, diagnosis and radical surgery of
PCa, the affected patients still suffer from a
poor prognosis. The etiology and pathogenesis
of PCa are complex, involving multiple genet-
ic and epigenetic changes'®. Previous studies
have illustrated that age, ethnicity, regional

5 LNCap PC-3
0 - -
E * g 1.5 g 1.5+
ki b = [
) 24 * :6 §
3 ¥ E 1.0 . « E 1.0 ) .
3 s s
°E‘ 1 %05 % 05
0 g $
2 2 £
§ 8 ool 1 y g 00 r
0-
i NCRTS S wo' e
WPMY-1 LNCap DU145 PC3 CWR22Rv1 co® et SRV o R co® 5 N o SRV
5 51 LNCap 5 51 PC-3
*kk
=] wex =]
F F
% 41 % 41
3 3
E 34 E 34
x z
4 24 r 24
£ £
21 21
- -
1] ©
go ; go .
Control TUG1 OE Control TUG1 OE

Figure 3. Upregulated TUG1 in PCa cells. 4, The relative level of TUGI in the prostatic stromal immortalized cell line WPMY-
1 and PCa cell lines (LNCap, DU145, PC-3 and CWR22Rv1) determined by the qRT-PCR. B, Transfection efficacy of control,
TUGI siRNA#1 and TUGI siRNA#2 in LNCap cells. C, Transfection efficacy of control, TUG1 siRNA#1 and TUG1 siRNA#2
in PC-3 cells. D, Transfection efficacy of control and TUG1 OE in LNCap cells. E, Transfection efficacy of control and TUG1

OE in PC-3 cells.
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Figure 4. Overexpression of TUG1 accelerated PCa cells to proliferate and migrate. 4, The CCK-8 assay revealed viability
in LNCap cells transfected with TUG1-NC, TUG1-siRNA or TUG1-OE at 0, 24, 48 and 72 h. B, The CCK-8 assay revealed
viability in PC-3 cells transfected with TUG1-NC, TUG1-siRNA or TUG1-OE at 0, 24, 48 and 72 h. C, The transwell assay
revealed migration in LNCap cells transfected with TUG1-NC, TUG1-siRNA or TUG1-OE. D, The transwell assay revealed
migration in PC-3 cells transfected with TUG1-NC, TUG1-siRNA or TUG1-OE. Magnification: x20. *p<0.05; **p<0.01.

environment, family history, and genetic al-
terations are certain risk factors for PCa. Nev-
ertheless, no definitive evidence has proved
that diet, obesity, smoking, chemical expo-
sure, prostatitis, and vasectomy could directly
endanger the progression of PCa'”'*. The exact
pathogenesis of PCa still remains unclear, and
relevant studies have been conducted to reveal
the potential correlation between these risk
factors and PCa.

Xiao et al” have indicated that IncRNAs can
regulate gene expressions at epigenetic, tran-
scriptional and post-transcriptional levels, thus
participating in various physiological and patho-
logical processes of the body. Some IncRNAs
have been identified to influence the progression
of PCa. For instance, IncRNA LOXLI1-ASI reg-
ulates proliferation and cell cycle progression of
PCa through the mediation of miR-541-3p and
CCNDI1*. LncRNA BDNF-AS exerts a func-
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tional role in PCa and is correlated to the clinical
outcome?’. LncRNA NEATI serves as a carcino-
genic gene to aggravate the progression of PCa
through the SRC3/IGFIR/AKT pathway??. Plas-
ma IncRNA is not sensitive to room tempera-
ture, nor to the repeated freezing and thawing
conditions. It is stably present in the blood and
it is resistant to RNase. Easy collection of blood
samples, small invasive procedures, simple de-
tection and high acceptability of patients allow
IncRNAs to be the potential tumor hallmark?.
Abnormally expressed IncRNAs are detected in
the plasma of PCa patients. For example, PVT1
serves as a carcinogenic role in PCa and can
be used as a potential diagnostic biomarker®*.
The upregulation of IncRNA FALEC promotes
PCa cells to proliferate and migrate, predicting
the prognosis of PCa patients®*. LINC01296 is
associated with the poor prognosis of PCa and
accelerates the proliferation and metastasis of
PCa cells®.

This study mainly elucidated the relationship
between the plasma level of TUGI and the patho-
logical characteristics of PCa patients. Our re-
sults may provide novel references for clinical
treatment of PCa. First of all, we identified a
higher level of TUGI in plasma samples of PCa
patients than in those of healthy controls. Plasma
level of TUG1 was correlated with PSA level,
Gleason grading, and TNM staging, rather than
the age of PCa patients. It is suggested that a
high level of TUGI could aggravate the malig-
nant degree and migration of PCa, which was a
vital factor influencing the tumor progression.
Besides, the survival analysis revealed a nega-
tive correlation between the TUGI level and the
postoperative survival of PCa patients. Moreover,
in vitro experiments illustrated the promotive ef-
fects of overexpressed TUGI on proliferative and
migratory abilities of the PCa cells. Nevertheless,
we did not explore the molecular mechanism of
TUGI in mediating the cellular behaviors of PCa
cells, which will be fully elucidated in the future.

Conclusions

We indicated that plasma level of TUG] was
upregulated in PCa patients, which was correlat-
ed to PSA level, Gleason grading, tumor grading,
and TNM stage of PCa. TUGI could serve as
diagnostic and prognostic hallmarks for PCa. The
overexpression of TUGI markedly accelerated
PCa cells to proliferate and migrate.
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