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Long non-coding RNA ATB promotes growth and
epithelial-mesenchymal transition and predicts
poor prognosis in human prostate carcinoma
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Abstract. Long non-coding RNAs (IncRNAs) have been
identified to be critical mediators in various tumors asso-
ciated with cancer progression. Long non-coding RNA
activated by TGF-f (IncRNA-ATB) is a stimulator of epithe-
lial-mesenchymal transition (EMT) and serves as a novel
prognostic biomarker for hepatocellular carcinoma. However,
the biological role and clinical significance of IncRNA-ATB
in human prostate cancer have yet to be fully elucidated.
The present study was designed to explore the expression of
IncRNA-ATB in human prostate cancer patients and the role
of IncRNA-ATB in prostate cancer cells. We showed that
IncRNA-ATB expression was significantly upregulated in
tumor tissues in patients with prostate cancer in comparison
with adjacent non-tumor tissues. Further analysis indicted that
high IncRNA-ATB expression may be an independent prog-
nostic factor for biochemical recurrence (BCR)-free survival
in prostate cancer patients. Overexpression of IncRNA-ATB
promoted, and knockdown of IncRNA-ATB inhibited the
growth of prostate cancer cells via regulations of cell cycle
regulatory protein expression levels. In addition, IncRNA-
ATB stimulated epithelial-mesenchymal transition (EMT)
associated with ZEBI and ZNF217 expression levels via ERK
and PI3K/AKT signaling pathways. These results indicated
that IncRNA-ATB may be considered as a new predictor
in the clinical prognosis of patients with prostate cancer.
Overexpression of IncRNA-ATB exerts mitogenic and EMT
effects of prostate cancer via activation of ERK and PI3K/
AKT signaling pathways.
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Introduction

Prostate cancer is the most frequently diagnosed malignancy
in males worldwide and is the second most common cause of
cancer mortality in the United States (1). It accounts for 15%
of all cancer diagnoses (2). The incidence of prostate cancer
is robustly increasing due to increase in the life expectancy,
modified diagnostic techniques and increased awareness of
prostate cancer screening (3). It is reported that the 5-year
survival rate of prostate cancer patients was only 29%, exerting
a big burden on public health a worldwide (4). The pathogen-
esis of tumorigenesis and progression of prostate cancer has
not been fully elucidated although intensive studies of prostate
cancer have been performed. Despite the therapeutic strategies
developed in prostate cancer, the annual morbidity rate has
explosively increased by 14% since 1990 (5). The management
of prostate cancer is recognized to be one of the most serious
medical challenges (6). It is unfortunate that no implementa-
tion of a population screening program is available for early
detection of prostate cancer (7).

The prostate-specific antigen (PSA) is indicated to be
employed as a biomarker for early detection of prostate cancer
and digital rectal examination (DRE) is also conventionally
used for diagnosis of prostate cancer (8). Prostate biopsy is
considered as a gold standard in patients with raised suspicion
from digital rectal examination or increased PSA levels (9).
However, the rate of negative biopsies is substantially high
even in cases with increased PSA levels, thus greatly affecting
the patient quality of life (10,11). The low specificity of PSA
has been demonstrated in aggressive and indolent prostate
cancer (12). The U.S. Preventive Services Task Force has
proposed to quit the conventional screening by PSA testing for
prostate cancer (13). Therefore, it is required to identify novel
prognostic biomarkers for improvement of patient outcomes
and clinical management in prostate cancer patients.

The long non-coding RNAs (IncRNAs) are defined as
<200 nucleotide non-protein-coding RNA molecules and play
critical roles in the biological and pathological processes of
many cancers associated with regulation of cell proliferation,
migration and invasion (14,15). A number of studies have
clarified that IncRNAs may function as oncogenes or tumor
suppressors in various types of cancers (16). It is evidenced that
IncRNA DANCR is upregulated in human colorectal cancer
tissues and may serve as an independent negative prognostic
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factor for both overall survival and disease-free survival in
colorectal cancer (17). The IncRNA HOTTIP overexpression
is found to be associated with increased metastasis of hepato-
cellular carcinoma and is suggested to be a negative prognostic
factor in hepatocellular carcinoma (18). Mounting evidence
highlights that the IncRNAs may be emerged as novel and
improved markers or therapeutic targets in the diagnosis and
treatment of cancer (19). The IncRNA-ATB is observed to be
higher in hepatocellular carcinoma tissues and have a poor
prognosis in hepatocellular carcinoma patients (20). To date,
however, little is known about the clinical significance and role
of IncRNA-ATB in human prostate cancer.

In the present study, we aimed to determine the IncRNA-
ATB expression in human prostate cancer tissue and the
association between IncRNA-ATB and clinicopathological
factors and prognosis the prostate cancer. The role of IncRNA-
ATB in proliferation and EMT of prostate cancer cells was
also investigated.

Materials and methods

Ethics statement. The approval of this study protocol was
obtained from the Ethics Committee of Jinling Hospital and
the written informed consent was provided from all subjects.
All experiments were performed in accordance with relevant
guidelines and regulations.

Subjects. A total of 57 prostate cancer patients who under-
went radical prostatectomy were included from Department
of Urology, Jinling Hospital, School of Medicine, Nanjing
University ranged from September 2001 to August 2005. All
patients were diagnosed with H&E-stained tissue section and
histopathological grading for each subject was confirmed by
experienced pathologists. The biochemical and clinicopatho-
logical parameters pre- and post-operation were recorded and
summarized. The date of prostatectomy was considered as
the beginning of the follow-up period. The endpoint time of
biochemical recurrence was set as the period from surgical
treatment to the assay of two successive values of serum
PSA level =0.2 ng/ml. The patients who received any treat-
ment including chemotherapy, radiation therapy, androgen
deprivation treatment before radical prostatectomy or died of
unexpected events or other diseases were excluded from this
study. The primary prostate cancer and paired noncancerous
prostate tissues from 57 cases were collected and were frozen
in liquid nitrogen and stored at -80°C prior to use.

RNA isolation and quantitative real-time PCR. The TRIzol
reagent (Life Technologies, Gaithersburg, MD, USA) was used
to extract the total RNA according to the manufacturer's
instructions. The mRNA of IncRNA-ATB, ZEB1 and ZNF217
were analyzed by real-time PCR (SYBR Premix Ex Taq™,
Takara, Otsu, Shiga, Japan) in triplicates by reacting with
sequence-specific PCR primers in ABI PRISM 7500 sequence
detection PCR system (Applied Biosystems, Foster City, CA,
USA). GAPDH was used as an internal control for each sample.
The relative quantification of gene expression was expressed
as fold changes via normalization against GAPDH by using
the 2°2*°T method. The sequences of primers were listed as
follows: IncRNA-ATB: forward: 5-CTTCACCAGCACCC

AGAGA-3', reverse: 5-AAGACAGAAAAACAGTTCCGA
GTC-3"; ZEBI1: forward: 5-GACAGTGTTACCAGGGA
GGAGCA-3', reverse: 5"TTCAGGTGCCTCAGGAAAAA
TGA-3"; ZNF21: forward: 5-CTGAAACGGGGAAGAAG
CCT-3', reverse: 5'-CTTGCCCCGATTCCTTCACT-3";
GAPDH: forward: 5-CAGGAGGCATTGCTGATGAT-3',
reverse: 5'-GAAGGCTGGGGCTCATTT-3". E-cadherin:
forward: 5'-GCCCCATCAGGCCTCCGTTT-3', reverse:
5'-ACCTTGCCTTCTTTGTCTTTGTTGGA-3"; ZO-1:
forward: 5'-CACGCAGTTACGAGCAAG-3, reverse: 5"TGA
AGGTATCAGCGGAGG-3"; N-cadherin forward: 5-TGG
ACCATCACTCGGCTTA-3', reverse: 5'-ACACTGGC
AAACCTTCACG-3'"; Vimentin: forward: 5'-CCTGAACC TG
AGGGAAACTAA-3', reverse: 5-GCAGAAAGGCACTTG
AAAGC-3'.

Cell culture and transfection. The prostate cell lines PC-3
and DUI145 were purchased from the Cell Bank of Chinese
Academy of Sciences (Shanghai, China). The cells were
cultured in RPMI-1640 medium supplemented with 10% FBS
coupled with 1% penicillin/streptomycin and 1% non-essential
amino acids and 1% (mg/ml) sodium pyruvate at 37°C in a
humidified incubator with 5% CO,. The day before transfec-
tion, PC-3 and DUI145 cells were seeded in 6-well plates,
and the transient transfection of IncRNA-ATB siRNA
(5'-CCAUGAGGAGUACUGCCAATT-3') and non-targeting
Control (5'-UUCUCCGAACGUGUCACGUtt-3') were
conducted with Lipofectamine 2000 Transfection Reagent
(Invitrogen) following manufacturer's instructions.

Construction of lentivirus-mediated overexpression of
IncRNA-ATB. The construction of lentiviral vector expressing
human IncRNA-ATB gene was performed by Genomeditech
(Shanghai, China). The primers used for lentivirus production
sequences wereasfollows: forward: 5'-CCTCTCTCCCCAGGG
GGATCCTGGCTAGTTAAGCTTGGCCCT-3, reverse: 5-A
TCCAGAGGTTGATTGTCGACTATCTGCAGAATTCTGG
TAAATG-3' (20).

Cell proliferation assay. The Cell Counting Kit-8 (CCK-8,
Dojindo, Japan) was employed to determine the proliferation
of PC-3 and DU145 cells accordance with the manufacturer's
instructions (21).

Western blotting. Equal amounts of protein in each sample
were loaded onto an SDS gel and transferred to immobilon
polyvinylidene difluoride (PVDF) membranes (Millipore,
Billerica, MA, USA). The membrane was incubated with
designed primary antibodies overnight at 4°C. The posi-
tive signals from HRP-coupled secondary antibodies (Santa
Cruz Biotechnology; Santa Cruz, CA, USA) were visualized
by enhanced chemiluminescence detection kit (Thermo
Scientific, Rockford, IL, USA). The densitometric analysis
of the band intensities was measured and normalized to the
band intensities of GAPDH using the ImageJ softwere (NIH,
Bethesda, MD, USA).

Chemicals. The primary antibodies against proliferating cell
nuclear antigen (PCNA), phosphorylated histone H3 (P-H3)
and GAPDH were obtained from Santa Cruz Biotechnology.
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Figure 1. Expression of IncRNA-ATB, diagnostic efficacy of IncRNA-ATB and the biochemical recurrence (BCR)-free survival curves in patients with
prostate cancer. (A) The expression level of IncRNA-ATB were detected in 57 pairs of prostate cancer and adjacent non-cancerous prostate tissues by qRT-PCR
analysis; (B) assessment of the diagnostic efficacy of IncRNA-ATB in prostate cancer patients by calculating the area under the receiver operating character-

istic curve. (AUC=0.931, P<0.001); (C) biochemical recurrence (BCR)-free survival curves for two groups defined by low and high expression of IncRNA-ATB
in patients with prostate cancer (P<0.001). "P<0.05 vs. non-cancerous prostate tissues.

The antibodies of phosphorylated Akt, phosphorylated ERK,
Akt, ERK cyclin E, cyclin D1, p21 and p27 were purchased
from Cell Signaling Technology Inc. (Beverly, MA, USA). The
ZEBI1 and ZNF217 antibodies were purchased from Abcam
(Cambridge, UK). LY294002 were obtained from Selleck
Chemicals (Houston, TX, USA). U0126 was purchased from
Beyotime Biotechnology (Shanghai, China). The siRNA
specifically targeting IncRNA-ATB and non-targeting control
were synthesized by GenePharma Co. (Shanghai, China).

Statistical analysis. SPSS 17.0 software (SPSS Inc., Chicago,IL,
USA) was used for statistical analysis. All data on continuous
variables were expressed as mean + SD. The test for categorical
variables was made by Chi-square test, and the small cell
variables were compared by Fisher's exact test. Comparisons
between two groups were made by Student's t-test. One-way or

two-way ANOVA followed by post hoc Bonferroni test was used
when multiple comparisons were made. The receiver operating
characteristic (ROC) curve was applied to calculate the area
under the ROC curve (AUC) for evaluating the diagnostic effi-
cacy of IncRNA-ATB. Survival analysis was conducted with
the Kaplan-Meier method. Multivariate analysis was carried
out with the Cox proportional hazards model. P-values <0.05
was considered statistically significant.

Results

Upregulation of IncRNA-ATB expression in prostate cancer
tissues. The IncRNA-ATB expression in 57 pairs of prostate
cancer and adjacent non-cancerous prostate tissues was
measured by qRT-PCR analysis. The results showed that the
expression of IncRNA-ATB was significantly increased in the
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Table I. Prostate cancer patient clinicopathological characteristics and clinical features.

IncRNA-ATB expression

Variable All Cases (%) Low (%) High (%) x> P-value

Age
<70 39 (68.4) 22 (564) 17 (43.6) 0.004 0.952
>70 18 (31.6) 10 (55.6) 8 (44.4)

Histological grade
Gl +G2 35(614) 24 (68.6) 11 (31.4) 5.691 0.017
G3 22 (38.6) 8 (36.4) 14 (63.6)

Preoperative PSA
<10 ng/ml 21(36.8) 18 (85.7) 3(14.3) 11.811 0.001
=10 ng/ml 36 (63.2) 14 (38.9) 22 (61.1)

Pathological stage
I+10 37 (64.9) 26 (70.2) 11 (29.7) 8.550 0.003
or+1v 20 (35.1) 6 (30.0) 14 (70.0)

Gleason score
4-6 22 (38.6) 16 (72.7) 6 (27.3) 4.003 0.045
7-10 35(614) 16 (45.7) 19 (54.3)

Lymph node metastasis
Negative 49 (86.0) 31(63.3) 18 (36.7) 7.198 0.007
Positive 8 (14.0) 1(12.5) 7 (87.5)

Surgical margin status
Negative 47 (82.5) 28 (59.6) 19 (40.4) 1.283 0.257
Positive 10 (17.5) 4 (40.0) 6 (60.0)

Angiolymphatic invasion
Negative 40 (70.2) 27 (67.5) 13 (32.5) 7.029 0.008
Positive 17 (29.8) 5294 12 (70.6)

Biochemical recurrence
Negative 43 (75.4) 29 (674) 14 (32.6) 9.081 0.003
Positive 14 (24.6) 3(21.4) 11 (78.6)

prostate cancer patients in comparison with the adjacent non-
cancerous prostate tissues (P<0.05, Fig. 1A).

Diagnostic efficacy of IncRNA-ATB in prostate cancer
patients. The diagnostic efficacy of IncRNA-ATB in prostate
cancer tissues of prostate cancer patients was evaluated by
calculating the area under the receiver operating characteristic
curve. The ROC curve analysis revealed that AUC was 0.931
(95% C1=0.000-1.000, P<0.001). When the cutoff value=1.30,
the diagnostic sensitivity (100%) and specificity (83.3%)
reached their peak values (P<0.05, Fig. 1B). Thus the IncRNA-
ATB expression was further classified into the low expression
group (n = IncRNA-ATB expression <1.30, n=32) and high
expression group (IncRNA-ATB expression =1.30, n=25) as
the threshold ROC curve value of 1.30.

Relationship between IncRNA-ATB expression and biochem-
ical recurrence-free survival. The Kaplan-Meier curves
plotted between high or low IncRNA-ATB expression and

biochemical recurrence (BCR)-free survival suggested that
prostate cancer patients with a high IncRNA-ATB expression
had a shorter BCR-free survival compared with low IncRNA-
ATB expression (P<0.001, Fig. 1C).

Correlation of IncRNA-ATB expression with clinical
features of prostate cancer patients. As seen in Table I, the
high IncRNA-ATB expression in prostate cancer tissues
of prostate cancer patients is closely related with aggres-
sive clinical pathological parameters including histological
grade (P=0.017), high preoperative PSA level (P=0.001),
pathological stage (P=0.003), high Gleason score (P=0.045),
lymph node metastasis (P=0.007), angiolymphatic invasion
(P=0.008), biochemical recurrence (P=0.003). However,
there was no correlation between IncRNA-ATB with age
(P=0.952) and surgical margin status (P=0.257). The Cox
multivariate analysis was conducted to assess the relation-
ship of IncRNA-ATB expression with the BCR-free survival
of patients with prostate cancer. The results established the
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Table II. Multivariate analysis by Cox regression model on factors related to biochemical recurrence (BCR)-free survival in

57 prostate cancer patients.

BCR-free survival

Variables Exp (B) 95% CI P-value
Age (<70 vs.>70) 1.035 0.336-3.188 0.952
Histological grade (G1+G2 vs. G3) 3.818 1.241-11.752 0.020
Preoperative PSA (<10 ng/ml vs. =10 ng/ml) 9.429 2.339-38.001 0.002
Pathological stage (I + II vs. III + IV) 5515 1.681-18.059 <0.001
Gleason score (4-6 vs. 7-10) 3.167 1.003-10.001 0.049
Lymph node metastasis (Negative vs. Positive) 12.056 1.371-106.041 0.025
Surgical margin status (Negative vs. Positive) 2211 0.549-8.900 0.264
Angiolymphatic invasion (Negative vs. Positive) 4.985 1.449-17.146 0.011
IncRNA-ATB expression (High vs. Low) 1.749 2.313-14.249 <0.001
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Figure 2. Effect of IncRNA-ATB on the proliferation of indicated prostate cancer cell lines that were transfected with IncRNA-ATB siRNA or LV-mediated
IncRNA-ATB plasmid and measured at day 1, 2, and 4 post-transfection. (A) The proliferation of prostate cancer cell lines in response to IncRNA-ATB
knockdown; (B) the proliferation of prostate cancer cell lines in response to forced expression of IncRNA-ATB. Values are mean + SD. "P<0.05 vs. Veh;

*P<0.05 vs. si-NC or LV-NC. n=4 for each group.

significance of IncRNA-ATB expression (P<0.001), and other
clinicopathological parameters including histological grade
(P=0.020), preoperative PSA level (P=0.002), Gleason score
(P=0.049), pathological stage (P<0.001), lymph node metas-
tasis (P=0.025) and angiolymphatic invasion (P=0.011) for
independent prognostic predictors of BCR-free survival of
prostate cancer patients (Table II).

Effect of IncRNA-ATB on prostate cell growth. The IncRNA-
ATB-specific siRNA or lentiviral vector expressing human
IncRNA-ATB gene was transfected to PC-3 and DU-145
prostate cell lines to determine its effect on the proliferation
of prostate cell in vitro. The depletion of IncRNA-ATB obvi-
ously attenuated the proliferation rate of PC-3 and DU-145
prostate cell lines (Fig. 2A), but the enforced overexpression
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Figure 3. Effect of IncRNA-ATB on the proliferating cell nuclear antigen (PCNA) and phosphorylated histone H3 (P-H3) levels (markers of prolifera-
tion) in prostate cell lines. (A and C) Representative images showing the effect of IncRNA-ATB knockdown on the PCNA and P-H3 expression levels;
(B and D) representative images showing the effect of IncRNA-ATB overexpression on the PCNA and P-H3 expression levels. After 4 days of transfection
of IncRNA-ATB siRNA or lentivirus (LV)-mediated IncRNA-ATB plasmid in PC-3 and DU-145 prostate cell lines, the PCNA and P-H3 were determined
with western blotting. Values are mean + SD. "P<0.05 vs. Veh; "P<0.05 vs. si-NC or LV-NC. n=4 for each group.

of IncRNA-ATB effectively affected the proliferation rate
of PC-3 and DU-145 prostate cell lines at day 2 and 4 post-
transfection (Fig. 2B). Furthermore, the proliferating markers
including PCNA and phosphorylated histone H3 (P-H3) was
also obviously inhibited by reduction of IncRNA-ATB (Fig. 3A
and C), but further enhanced by IncRNA-ATB overexpression
(Fig. 3B and D).

Effects of IncRNA-ATB on cell cycle regulatory protein expres-
sion. The increased expression levels of cyclin E and cyclin D1
and decreased expression levels of p27 and p21 in PC-3 and
DU-145 prostate cell lines were significantly rescued by gene
silencing of IncRNA-ATB (Fig. 4A and C). Overexpression
of IncRNA-ATB further promoted the cyclin E expression in
PC-3 cell line and cyclin E and cyclin D1 in DU-145 prostate
cell line, but had no effect on p27 or p21 expression levels
(Fig. 4B and D).

Effect of IncRNA-ATB on the mRNA expression levels of EMT
markers. Knockdown of IncRNA-ATB significantly rescued
the increased expression levels of E-cadherin and ZO-1 and
decreased expression levels of N-cadherin and Vimentin in
PC-3 and DU-145 prostate cell lines (Fig. 5A). Overexpression
of IncRNA-ATB further inbibited the E-cadherin and ZO-1
expression levels, but further promoted expression levels of
N-cadherin and Vimentin in PC-3 and DU-145 prostate cell
lines (Fig. 5B).

Effects of IncRNA-ATB on ZEBI and ZNF 217 expression levels.
We found that downregulation of IncRNA-ATB could inhibit
the expression levels of ZEB1 and ZNF217 at mRNA and
protein levels in PC-3 and DU-145 prostate cell lines (Fig. 6A,
C and E). In contrast, upregulation of IncRNA-ATB further
augmented the mRNA and protein levels of ZEB1 and ZNF217
in PC-3 and DU-145 prostate cell lines (Fig. 6B, D and F).
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Figure 4. Effect of IncRNA-ATB on the cell cycle related-proteins. (A and C) Representative images showing the effect of IncRNA-ATB knockdown on
the cyclin E, cyclin D1, p27 and p21 expression levels; (B and D) representative images showing the effect of IncRNA-ATB overexpression on the cyclin E,
cyclin D1, p27 and p21 expression levels. After 4 days of transfection of IncRNA-ATB siRNA or lentivirus (LV)-mediated IncRNA-ATB plasmid in PC-3 and
DU-145 prostate cell lines, the cells were lysed, and proteins from cell lysates were resolved by SDS-PAGE, transferred to a PVDF membrane blotted with
anti-cyclin E, -cyclin D1, -p27, -p21 antibodies. Values are mean + SD. "P<0.05 vs. Veh; "P<0.05 vs. si-NC or LV-NC. n=4 for each group.

Effects of IncRNA-ATB on PI3K/Akt and ERK signaling
pathways. The activation of PI3K/Akt and ERK signaling
pathways reflected the increase in phosphorylation levels of
Akt and ERK was suppressed by knockdown of IncRNA-
ATB (Fig. 7A and C). The continuous IncRNA-ATB
expression further stimulated the phosphorylation levels of
Akt and ERK in both PC-3 and DU-145 prostate cell lines
(Fig. 7B and D). Additionally, inhibition of PI3K/Akt and
ERK signaling pathways prevented the proliferation of PC-3

and DU-145 prostate cell line responses to overexpression of
IncRNA-ATB (Fig. 9).

PI3K/Akt and ERK signaling pathways contribute to ZEBI
and ZNF217 protein expression levels. Pretreatment with
PI3K inhibitor LY294002 (Fig. 8A and C) or ERK inhibitor
U0126 (Fig. 8B and D) almost abolished the effects of
IncRNA-ATB overexpression on the ZEB1 and ZNF217
protein expression levels.
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Discussion

Our results for the first time established that the expres-
sion of IncRNA-ATB was remarkably increased in prostate
cancer tissues, and might have prognostic significance in
human prostate cancer. We also showed that IncRNA-ATB
may be a potential stimulator in growth and EMT of prostate
cancer cells.

Prostate cancer is a common cause of malignant mortality
among males all over the world and brings a huge and
increasing healthy burden in China (22). The clinical outcome
of patients with prostate cancer is still poor even with the aid
of advanced diagnosis and adjuvant therapy (23). It is also
challenging to identify the pathogenesis, and develop novel
diagnosis and medical treatments of prostate cancer (24). It is
recommended that the early and accurate diagnosis is helpful
for improvement of therapeutic efficiency of prostate cancer
patients (25). Therefore, it is urgent to identify new molecular
targets of prostate cancer in order to understand the patho-
genesis and prognosis of prostate cancer (26). It is estimated
that 15,000 IncRNAs are identified in human genome (27) and
IncRNAs have multiple roles in the carcinogenesis and cancer
metastasis (28).

Several studies have disclosed the IncRNAs are possible
diagnostic or prognostic biomarkers in human cancers (29).
For example, it is reported that the expression of IncRNA
MALAT-1 was increased in colorectal cancer tissues and

is negatively correlated with the progression of colorectal
cancer (30). In addition, the IncRNA HOTAIR is also
progressively upregulated in colorectal cancer patients and
is employed as a biomarker for clinical prognosis of human
colorectal cancer (31). A recent study indicates that IncRNA
SNURF-1 is upregulated in prostate cancer (32). LncRNA
PCA3 is demonstrated to be a dominant-negative oncogene in
human prostate cancer (33). LncRNA BX647187 is character-
ized to be the important mediator of mitotic regulator Hecl
in human prostate cancer (22). These results suggested that
IncRNAs are emerging as potential prognostic biomarkers or
useful therapeutic target in prostate cancer. LncRNA-ATB was
recently identified to play a critical role in invasion of human
hepatocellular carcinoma and positively associated with poor
prognosis of human hepatocellular carcinoma (20).

Gastric cancer tissues exhibit overexpressed IncRNA-
ATB and the gastric cancer patients with low IncRNA-ATB
expression have a longer overall survival rate, and IncRNA-
ATB may be an independent prognostic factor in human
gastric cancer (34). However, to our knowledge, the clinical
significance and biological function of IncRNAs, especially
IncRNA-ATB in prostate cancer remains largely unknown. Our
data in the present study showed obvious increase in IncRNA-
ATB expression in prostate cancer tissues in comparison
with adjacent non-cancerous prostate tissues. Further analysis
showed that the upregulation of IncRNA-ATB was positively
associated with the histological grade, high preoperative PSA
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Figure 6. Effects of IncRNA-ATB on ZEB1 and ZNF217 expression levels. (A) The effect of IncRNA-ATB knockdown on the ZEB1 and ZNF217 mRNA
expression levels; (B) the effect of IncRNA-ATB overexpression on the ZEB1 and ZNF217 mRNA expression levels; (C and E) representative images showing
the effect of IncRNA-ATB knockdown on the ZEB1 and ZNF217 protein expression levels; (D and F) representative images showing the effect of IncRNA-ATB
overexpression on the ZEB1 and ZNF217 protein expression levels. Values are mean = SD. "P<0.05 vs. Veh; 'P<0.05 vs. si-NC or LV-NC. n=4 for each group.

level, pathological stage, high Gleason score, lymph node metas-
tasis, angiolymphatic invasion and biochemical recurrence in

prostate cancer patients. Moreover, it is proven that prostate
cancer patients with high IncRNA-ATB expression had poor
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Figure 7. Effects of IncRNA-ATB on PI3K/Akt and ERK signaling pathways. (A and C) Representative images showing the effect of IncRNA-ATB knockdown
on the phosphorylation of Akt and ERK; (B and D) representative images showing the effect of IncRNA-ATB overexpression on the phosphorylation of Akt
and ERK. Values are mean + SD. "P<0.05 vs. Veh; TP<0.05 vs. si-NC or LV-NC. n=4 for each group.

biochemical recurrence (BCR)-free survival. The multivariate
analyses clarified that the loss of IncRNA-ATB expression
was a potential independent prognostic factor for BCR-free
survival of prostate cancer patients. These results suggested
that the IncRNA-ATB may be a novel and important prog-
nostic biomarker for prostate cancer.

The abnormal growth is closely related with tumorigenesis
and tumor progression. Recent studies indicate that IncRNAs
are essential modulators in tumor growth (35). Overexpression
of IncRNA MVIH stimulates the proliferation and cell cycle
in human breast cancer (35). Knockdown of IncRNA H9 obvi-
ously prevented the proliferation of non-small cell lung cancer

cells (36). In the present study, we showed that IncRNA-ATB
overexpression promoted cell proliferation of PC-3 and DU-145
prostate cancer cell lines reflected by CCKS8 assay and the
protein downregulations of PCNA and phosphorylated histone
H3 (markers of proliferation) in response to transfection with
LV-mediated IncRNA-ATB plasmid, while reduced IncRNA-
ATB expression had the opposite effect. These results imply
that IncRNA-ATB functions as oncogene in prostate cancer
and IncRNA-ATB may be defined as a potential treatment
target for prostate cancer.

Dysregulated cell cycle is considered as a crucial event
in the cellular processes during cancer development (37).
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Emerging evidence indicates that dysregulated IncRNAs are
of great importance in tumor-associated cell cycle defects (38).
Herein, we found that decrease of IncRNA-ATB retarded
the cell cycle-related proteins, including downregulation of
cyclin E and cyclin D1, but upregulation of p21 and p27 in
prostate cancer cell lines of PC-3 and DU-145, but overexpres-
sion of IncRNA-ATB had the contrary effect. These results
indicated that IncRNA-ATB exerts promotion of growth of
prostate cancer cells via direct stimulating effect on the cell
cycle progression, suggesting a unifying mechanism whereby
IncRNA-ATB overexpression might contribute to the growth
in malignant prostate cancer.

In various cancers EMT has been intimately related with
enhanced cell motility and invasiveness in tumor develop-
ment (39). New emerging evidence indicates that EMT plays
an important role in development and metastasis of prostate
cancer and EMT may be a key therapeutic target in prostate
cancer (40). ZEBI1 is demonstrated to be a direct target of
miR-200 during EMT in breast cancer cell lines (41). The
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reduction of miR-652 induced EMT by stimulating ZEB1
expression levels in pancreatic cancer cells (42). ZNF217 is also
indicated to be an accelerator of EMT in breast cancer (42).
Both ZEB1 and ZNF217 are negatively regulated in the inhibi-
tion of EMT in response to miR-200 overexpression (43). In
the present study, we found that overexpression of IncRNA-
ATB induced EMT reflected by increases in E-cadherin and
Z0-1 and decreases in N-cadherin and Vimentin in PC-3
and DU-145 prostate cell lines, knockdown of IncRNA-
ATB exerted contrary effect. In addition, downregulation of
IncRNA-ATB inhibited, while upregulation of IncRNA-ATB
promoted the expression levels of ZEB1 and ZNF217 at
mRNA and protein levels in PC-3 and DU-145 prostate cell
lines. These results indicated that IncRNA-ATB may drive
EMT in prostate cancer cells via positive modulation of ZEB1
and ZNF217 expression levels.

Both MAPK/ERK pathways and PI3K-Akt pathways are
essential intracellular signaling pathways involving in the
proliferation and EMT during the processes of cancers (44).
Herein, our results showed that the signaling pathways of
PI3K/Aktand ERK were suppressed by knockdown of IncRNA-
ATB, but the continuous IncRNA-ATB expression further
stimulated the phosphorylation levels of Akt and ERK in both
PC-3 and DU-145 prostate cell lines. It is interesting that inhi-
bition of PI3K/Akt and ERK signaling pathways prevented the
proliferation of PC-3 and DU-145 prostate cell line responses
to overexpression of IncRNA-ATB. Furthermore, pretreat-
ment with PI3K inhibitor LY294002 or ERK inhibitor U0126
almost diminished the effects of IncRNA-ATB overexpression
on the ZEB1 and ZNF217 protein expression levels. These
results indicated both PI3K/Akt and ERK signaling pathways
involved IncRNA-ATB-mediated growth and EMT of human
prostate cancer. However, studies on the role of IncRNA-ATB
in the migration, invasion and tumor growth in nude mice
as well as their molecular mechanisms are necessary to be
further elucidated.

In conclusion, our results demonstrated that high IncRNA-
ATB expression is significantly associated with a poor
prognosis independently of other factors in prostate cancer.
LncRNA-ATB might be considered as a novel molecular
target for the diagnosis and treatment of prostate cancer.
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