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Overexpression of long non-coding RNA LOC400891 promotes
tumor progression and poor prognosis in prostate cancer
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Abstract Tumor recurrence and metastasis remain the
major obstacles for the successful treatment of patients
diagnosed with prostate cancer (PCa). In recent years,
long non-coding RNAs (lncRNAs) have been considered
as key regulators of tumor behavior. In this study, we
investigated the biological role and clinical relevance of
the lncRNA LOC400891 in prostate cancer. Using of
lncRNAs expression chips screening and the biological
analysis, we found the target lncRNA (LOC400891).
Moreover, the expression levels of lncRNA LOC400891
in PCa tissues and cell lines were evaluated by quantita-
tive real-time PCR (qRT-PCR), and its association with
biochemical recurrence-free survival of patients was ana-
lyzed by statistical analysis. Furthermore, the effect of
LOC400891 on proliferation, migration, and invasion
was studied in PCa cells. We found that the expression
level of LOC400891 was higher in PCa tissues and cells
compared to adjacent non-tumor tissues and normal pros-
tate stromal immortalized cells WPMY-1. The patients
with higher LOC400891 expression had an advanced

clinical features and a shorter biochemical recurrence-
free survival time than those with lower LOC400891 ex-
pression. Furthermore, multivariate analysis showed that
the status of LOC400891 expression was an independent
predictor of biochemical recurrence-free survival in PCa.
We also found that knockdown of LOC400891 could in-
hibit cell proliferation, migration, and invasion in vitro
study. Our data suggested that lncRNA LOC400891 was
a novel molecule involved in PCa progression, which pro-
vided a potential prognostic biomarker and therapeutic
target.
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Introduction

Prostate cancer (PCa) is the second most common cause
of malignancy in humans worldwide [1]. In America, the
incidence and mortality rates of PCa are greater than lung
carcinoma, and PCa has become the most common cancer
among male patients [2]. What is more, in recent years,
the occurrence of PCa in Asia has increased more rapidly
than in Europe, the USA, and other developed countries
[3]. According to the China National Cancer Prevention
and Control Center annual report, the latest data for ma-
lignant tumors in males show that PCa is sixth in inci-
dence and ninth in mortality. Because the mechanisms
underlying PCa development have not been elucidated,
the study of PCa remains extremely important.

The maturation and spread of high-throughput se-
quencing technologies has enabled increasingly complex
analyses of the cellular transcriptome, with the nomina-
tion of numerous novel RNA species [4, 5], which can
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provide lncRNA profiles and other important informa-
tion. Among these, long non-coding RNAs (lncRNAs)
over 200 bp in length have been implicated as funda-
mental players in numerous molecular processes, includ-
ing cell differentiation, lineage specificity, neurologic
disorders, and cancer [6–8].

LncRNAs have been shown to be involved in the
development and progression of PCa. One LncRNA,
PCAT-18, which could be detected in plasma, incremen-
tally increased its expression as prostate cancer pro-
gresses from localized to metastatic stages [9]. Another
LncRNA, SChLAP1, increased its expression with pros-
tate cancer progression. Moreover, higher expression
level of SChLAP1 was associated with poor outcome
among patients with clinically localized prostate cancer
after radical prostatectomy [10]. However, research
concerning lncRNA involvement in prostate cancer is
in its preliminary stage. In hundreds of studies, PCA3
has been used in many different applications, including
the diagnosis, treatment, and prediction of PCa. Addi-
tionally, TMPRSS2-ERG were reported in urinary
exosomes, showing that microvesicles may contain
disease-specific molecules which then can serve as
promising novel biomarkers [11, 12]. However, the ex-
pression of lncRNAs and their biological functions still
remain unknown.

In this study, we analyzed the novel lncRNA LOC400891
expression in 81 pairs of PCa samples compared with normal
prostate tissue samples and investigated its potential biomed-
ical functions. Our results proved that LOC400891 may pro-
vide new molecular biomarkers or a new basis for the treat-
ment of PCa.

Materials and methods

Patient samples and microarray analysis

Written informed consent was obtained from all patients,
and the study was approved by the Institutional Review
Board of First Affiliated Hospital of Nanjing Medical Uni-
versity. Eighty-one patients with PCa who underwent
open radical prostatectomy or laparoscopic radical prosta-
tectomy were included in the study. Fresh tissue adjacent
to carcinoma tissues and the carcinoma specimen of PCa
were collected and confirmed by histopathology. Of these
patients, 3 were used for microarray analysis of lncRNAs
and 78 were used for additional evaluations. Microarray
analysis was used to investigate the candidate molecular
targets. PCa and matched histologically normal prostate
tissue from each subject were snap-frozen in liquid nitro-
gen immediately after resection.

Cell lines and culture conditions

Human PCa cell lines (PC-3, DU-145, 22RV1) and a normal
myofibroblast stromal cell line (WPMY-1) were purchased
from the Institute of Biochemistry and Cell Biology of the
Chinese Academy of Sciences (Shanghai, China). Cells were
cultured in F-12K or RPMI 1640 or DMEM (GIBCO-BRL,
Carlsbad, CA, USA) medium supplemented with 10 % fetal
bovine serum (10 % FBS), 100 U/mL penicillin, and 100 mg/
mL streptomycin in humidified air at 37 °C with 5 % CO2.

RNA extraction and qRT-PCR analyses

Total RNA was extracted from tissues or cultured cells
with TRIzol reagent (Invitrogen Life Technologies, Carls-
bad, CA, USA) according to the manufacturer’s protocols.
For qPCR, RNA reverse transcribed to complementary
DNA (cDNA) from 1 μg of total RNA was reverse tran-
scribed in a final volume of 10 μL using random primers
and a Reverse Transcription Kit (Takara, Dalian, China).
According to the manufacturer’s instructions, the reverse
transcription was performed at 37 °C for 15 min, then
85 °C for 5 s. Real-time PCR (RT-PCR) analyses were
performed using a standard protocol from Power SYBR
Green (Takara) on an ABI StepOne Plus instrument (Ap-
plied Biosystems, Carlsbad, CA, USA) and in a total re-
action volume of 10 μL, including 5 μL of SYBR Premix
(2x), 0.4 μL of PCR forward primer (10 μM), 0.4 μL of
PCR reverse primer (10 μM), 0.2 μL ROX Reference Dye
II (50x), 1 μL of cDNA, and 3 μL of double-distilled
water. The quantitative real-time PCR reaction included
an initial denaturation step of 10 min at 95 °C, and
95 °C (30 s), 95 °C (5 s), 61 °C (30 s) in a total 50 cycles
with a final extension step at 72 °C for 5 min. △Ct values
were normalized to β-actin. The relative quantitative val-
ue was expressed by the 2−ΔΔCt method. Each experiment
was performed in triplicates and repeated three times.

The PCR primers were as follows:

LOC400891: Forward:
5′-GAGGGAGACACTTGGACCAG-3′

Reverse:
5′-CACGTTGTTGGCCTTCAGAG-3′

β-actin: Forward:
5′-ACTGGAACGGTGAAGGTGAC-3′

Reverse:
5′-AGAGAAGTGGGGTGGCTTTT-3′

Small interfering RNA transfection

Small interfering RNA that targeted LOC400891 RNA and
scrambled negative control was purchased from GenePharma
(GenePharma, Shanghai, China). The target sequences for si-
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Loc400891 included si-Loc400891-1 (CCCAUA
GUGUUGUGCCCAUTT), si-Loc400891-2 (GCUGGA
CCUUCGAGACAAUTT), and si-Loc400891-3 (CCAGA
CGCUGAGGAUUCUUTT), and the experiments showed
that the later had the highest inhibition efficiency. Synthetic
sequence-scrambled small interfering RNA (siRNA)was used
as a negative control siRNA. Cells were plated and cultured in
growth media until cell density reached 70 % prior to siRNA
transfection using Lipofectamine 2000 (Invitrogen, Shanghai,
China) according to the manufacturer’s instructions. Cells
were harvested after 48 h for qRT-PCR and Western blot
analyses.

Plasmid constructs

The sequence of LOC400891 was synthesized and subcloned
into pCDNA3.1 (BioEasy, Shanghai, China) vector. Ectopic
expression of LOC400891was achieved by using the pCDNA
LOC400891 transfection and empty pCDNA vector (empty)
was used as a control. The expression level of LOC400891
was detected by qPCR.

Cell proliferation assays

Forty-eight hours after siRNA or pcDNA LOC400891
transfection, 2 × 103 cells per well were allowed to grow
in 96-well plates with five replicate wells. After 6–8 h of
culture, as well as at hours 24, 48, 72, and 96, cells were
treated with 10 μL Cell Counting Kit-8 (CCK-8, Dojindo,
Kumamoto, Japan) by adding it to the medium. The cells
were incubated at 37 °C for another 4 h. Finally, the
absorbance was measured at 490 nm. All experiments
were performed in triplicates.

Colony formation and clonogenic assays

Cellswere trypsinized into single-cell suspension 48 h after trans-
fection. For the colony formation assay, 8×102 cells were plated
into each media plate and maintained in media containing 10 %
FBS to allow colony formation, replacing the nutrient solution
every 4 days. After 2 weeks, colonies were fixed with methanol
and stained with 0.1 % crystal violet (Beyotime, Beijing, China).
Visible colonies were manually counted. Triplicate plates were
measured in each treatment group.

Fig. 1 Relative LOC400891
expression in prostate cancer and
its clinical significance. Relative
expression of LOC400891 in
prostate cancer (PCa) tissues
compared with corresponding
non-tumor tissues (a). Relative
expression of LOC400891 in
three prostate cell lines (not
expressed in PC3) compared with
normal myofibroblast stromal cell
line WPMY-1 (b). According to
the cut-off value of the relative
LOC400891 expression, the 81
PCa patients were divided into
relative low-LOC400891 (n= 31)
and a relative high-LOC400891
expression groups (n= 50) (c).
Data represent the mean ± SD
from three independent
experiments. *P< 0.05;
**P< 0.01; ***P< 0.001
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Cell migration/invasion assay

Cells (2.5 × 104) were suspended in 200 μL with serum-
free medium and seeded in the top chamber of the
transwell (Millicell, PIEP12R48) with a membrane pore
with an 8-μm diameter at 48 h after siRNA transfection.
Culture medium containing 10 % FBS was placed in the
bottom chamber. Cells were incubated for 48 h at 37 °C,
and the cells that did not migrate through the pores of the
transwell inserts were manually removed with a cotton
swab. Cells which passed through the filter were fixed
and stained using 0.1 % crystal violet. Numbers of invad-
ed cells were counted in five randomly selected fields
under a microscope, and the average value was calculated.
Each experiment was conducted in triplicate. Matrigel in-
vasion assays were performed as described previously
[13].

Western blot assay and antibodies

Cells were lysed using the mammalian protein extraction
reagent RIPA (Beyotime, Beijing, China) supplemented
with a protease inhibitor cocktail (Roche, Shanghai, Chi-
na) and PMSF (Roche, Shanghai, China). Protein was
s ep a r a t e d by 10 % sod i um dode cy l s u l f a t e–

polyacrylamide gel electrophoresis (SDS–PAGE) and then
transferred to polyvinylidene difluoride membranes (Sig-
ma, St. Louis, MO, USA). The membranes were incubat-
ed with the specific primary antihuman antibodies. The
secondary antibody was horseradish peroxidase-
conjugated goat anti-rabbit IgG. Enhanced chemilumines-
cence chromogenic substrate was used to visualize the
bands, and the intensity of the bands was quantified by
densitometry (Quantity One software; Bio-Rad, City, CA,
USA). GAPDH antibody was used as control. Rabbit
monoclonal antibody PI3k, p-PI3k, AKT, p-AKT, mTOR,
p-mTOR, PTEN, p-PTEN, vimentin, and β-catenin
(1:1000) were purchased from Cell Signaling Technology,
Inc. (St. Louis, MO, USA). Mouse monoclonal antibody
Twist and snail (1:1000) were purchased from Abcam
(USA).

Statistically analysis

All data were expressed as mean ± SD (standard deviation,
SD), and analyses were performed using SPSS version
17.0 software (IBM). Statistical significance was tested
by a Student’s t test, or a chi-square test as appropriate.
Patient survival was evaluated using the Kaplan-Meier
method and compared using the log-rank test. Univariate

Table 1 Correlation between
LOC400891 expression and
clinicopathological characteristic
of PCa

Parameters Group Total (%) LOC400891 expression P value

High (%) Low (%)

Age (years) <65 26 (32.1) 17 (65.4) 9 (34.6) 0.642

≥65 55 (67.9) 33 (60.0) 22 (40.0)

Tumor diameter (cm) <2.5 47 (58.0) 32 (68.1) 15 (31.9) 0.166

≥2.5 34 (42.0) 18 (52.9) 16 (47.1)

Gleason score ≤6 15 (18.5) 9 (60.0) 6 (40.0) 0.864

7 45 (55.6) 27 (60.0) 18 (40.0)

≥8 21 (26.9) 14 (66.7) 7 (33.3)

Histological grade II 30 (37.0) 12 (40.0) 18 (60.0) 0.008

III 5 (6.2) 4 (80.0) 1 (20.0)

IV 46 (56.8) 34 (73.9) 12 (26.1)

Tumor stage T2 59 (72.8) 34 (57.6) 25 (42.4) 0.199

T3 13 (16.0) 8 (61.5) 5 (38.5)

T4 9 (11.2) 8 (88.9) 1 (11.1)

Lymph node metastasis Absence 69 (85.2) 43 (62.3) 26 (37.7) 0.793

Presence 12 (14.8) 7 (58.3) 5 (41.7)

Distant metastasis Absence 48 (59.3) 23 (47.9) 25 (52.1) 0.002

Presence 33 (40.7) 27 (81.8) 6 (18.2)

Capsule invasion Absence 35 (43.2) 19 (54.3) 16 (45.7) 0.229

Presence 46 (56.8) 31 (67.4) 15 (32.6)

Multiple lesions Absence 41 (50.6) 26 (61.5) 15 (38.5) 0.750

Presence 40 (49.4) 24 (65.0) 16 (35.0)
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and multivariate Cox regression analyses were performed
to analyze the survival data. Values of P< 0.05 were con-
sidered statistically significant.

Results

Expression of LOC400891 in prostate cancer

Based on the features of the differentially expressed
lncRNAs from microarray data, we identified the
lncRNA (LOC400891) listed in Table S1 for the qRT-
PCR analysis in 81 pairs of PCa samples. The result
supported a strong consistency between the qRT-PCR
result and microarray data (Fig. S1) and also demon-
strated that LOC400891 was significantly up-regulated
in PCa samples compared to adjacent non-tumor sam-
ples (P< 0.05, Fig. 1a). Expression was further exam-
ined by qRT-PCR in three PCa cell lines and a normal
human myofibroblast stromal cell line WPMY-1. This
experiment revealed that LOC400891 was more over-
expressed in DU-145 and 22RV1 than in WPMY-1
(P< 0.05, Fig. 1b).

Relationship between LOC400891 expression
and clinicopathological factors in patients with prostate
cancer

Patients with PCa were classified into two groups based
on a twofold cut-off of relative LOC400891 expression
(Fig. 1c). The high-LOC400891 group had LOC400891

expression levels higher than the cut-off value (n= 50),
and the low-LOC400891 group had LOC400891 expres-
sion levels lower than the cut-off value (n= 31). Clini-
copathologic factors were compared between the two
groups (Table 1). High-LOC400891 group was correlat-
ed with higher histological grade (P= 0.008), and deeper
distant metastasis (P = 0.002) compared with the low-
LOC400891 group. However, LOC400891 expression
level was not associated with other parameters such as
age (P= 0.642), tumor diameter (P= 0.166), and Gleason
score (P= 0.864).

Association of LOC400891 expression and patient
survival

We further examined whether the LOC400891 expression
level correlated with the outcome of PCa patients after
radical prostatectomy. Kaplan-Meier analysis showed that
PCa patients with high LOC400891 expression had a sig-
nificantly shorter biochemical recurrence-free survival
time than those with low LOC400891 expression (log-
rank test, P < 0.05) (Fig. 2). As shown in Table 2,
LOC400891 expression level and tumor stage were sig-
nificantly correlated with the biochemical recurrence-free
survival rate in patients with PCa (P< 0.05). A multivar-
iate analysis showed that relative expression of
LOC400891 and tumor stage were independent prognos-
tic markers for biochemical recurrence-free survival of
PCa patients (Table 2). Taken together, these data indicate
that a high LOC400891 expression level is an indepen-
dent risk factor for PCa patients.

Fig. 2 Kaplan-Meier survival
curves of patients with prostate
cancer based on LOC400891
expression conditions. Patients in
the high expression group had a
significantly more unfavorable
prognosis than those in low
expression group (P= 0.008, log-
rank test)

Tumor Biol. (2016) 37:9603–9613 9607



siRNA-mediated knockdown and overexpression
of LOC400891 regulates cell proliferation

Since LOC554202 was highly expressed in PCa tissues
compared with normal tissues, we hypothesized that the
biological functions of LOC400891 might be involved in
the control of cell proliferation. Experiments showed that
the si-Loc400891-3 had the highest inhibition efficiency
of approximately 95.3 and 89.7 %, respectively, in DU-
145 and 22RV1 cell lines (P< 0.05; Fig. 3a, b). To exam-
ine this possibility, CCK8 assays were used to detect the
impact of LOC400891 knockdown on proliferation of
PCa cells DU-145 and 22RV1. The results revealed that
si-LOC400891 transfection significantly decreased cell
growth compared with the negative control and scrambled
siRNA transfection at 96 h in DU-145 and 22RV1 cell
lines (P< 0.05; Fig. 3c, d). To determine whether overex-
pression of LOC400891 contributed to cell growth, we
performed pCDNA-LOC400891 transfected in DU145
and 22RV1 cells. The results of CCK8 assays revealed
that cell growth was increased following up-regulation
of LOC400891 in pCDNA-LOC40081 transfected DU-
145 and 22RV1 cell lines compared with empty vector
(P< 0.05; Fig. 3e–h)

To further investigate the effect of LOC400891 on the
proliferation of DU-145 and 22RV1, a colony formation

assay was performed. The results demonstrated that the
colony numbers of PCa cells transfected with siRNA
were lower than those of negative control and scrambled
siRNA transfection (P< 0.05; Fig. 4a, b). All of the re-
sults were consistent with the results of cell proliferation
assays.

Next, we investigated the effects of LOC400891
knockdown on the mTOR pathway and PTEN gene. The
results of Western blot analysis showed that the expres-
sion of p-PI3k, p-AKT, PmTOR, and p-PTEN was signif-
icantly decreased in DU-145 and 22RV1 cells transfected
with siRNA compared to scrambled siRNA (P < 0.05,
Fig. 4c–e). These findings suggest that LOC400891 is
involved in the promotion of PCa cell proliferation and
seems to be mediated by modulation of the PI3K-AKT-
mTOR pathway and PTEN gene.

Knockdown of LOC400891 inhibited cell migration
and invasion

We also explored the effect of LOC400891 knockdown
on PCa cell migration/invasion. Knockdown of
LOC400891 inhibited DU-145 and 22RV1 cell migra-
tion capacity compared to the control group (P< 0.05,
Fig. 4f, g). Transwell invasion assay was undertaken to
assess the effect of LOC400891 on the invasiveness of

Table 2 Univariate and
multivariate analyses for
biochemical recurrence-free sur-
vival (Cox proportional hazards
regression model)

Variable Univariate analysis Multivariate analysis

HR 95 % CI P HR 95 % CI P

Age (years) 0.839 0.497–1.419 0.513

≥65 vs.<65
Tumor diameter 0.935 0.556–1.573 0.801

≥2.5 cm vs.<2.5 cm

Gleason score 1.151 0.599–2.211 0.673

≥7 vs.<7

Lymph node metastasis 1.260 0.617–2.570 0.526

Presence vs. absence

Distant metastasis 1.134 0.682–1.887 0.628

Presence vs. absence

Capsule invasion 1.208 0.723–2.017 0.471

Presence vs. absence

Multiple lesions 1.157 0.697–1.919 0.573

Presence vs. absence

Histological grade 1.438 0.856–2.416 0.170

III–IV vs. II

Tumor stage 1.844 1.053–3.228 0.032 1.823 1.041–3.192 0.036

T3–4 vs. T2

LOC400891 expression 2.127 1.239–3.651 0.006 2.116 1.231–3.638 0.007

High vs. low
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prostate cancer cells. Our studies indicated that the in-
vasion ability of si-LOC400891-transfected PCa cells
was reduced compared to the control group (P< 0.05,
Fig. 4h, i). Western blot analysis revealed that the ex-
pressions of vimentin, β-catenin, Twist, and Snail were
significantly decreased in DU-145 and 22RV1 cells
transfected with siRNA compared to the control group
(P< 0.05, Fig. 4j–l). These data imply that LOC400891
involves mechanisms relevant to the promotion of PCa
cell migration and invasion and that the underlying
mechanisms may act by regulating the epithelial–mesen-
chymal transition (EMT) pathway.

Fig. 3 siRNA-mediated
knockdown and overexpression
of LOC400891-regulated prostate
cancer cells proliferation. The
relative expression level of
LOC400891 in DU-145 and
22RV1 cells was significantly
decreased by si-LOC400891 and
compared with the scramble and
normal control (a, b). After 48 h
of transfection, CCK8 assay (c, d)
were performed to determine the
proliferation of si-LOC400891
transfected DU-145 and 22RV1
cells. The relative expression
level of LOC400891 in DU-145
and 22RV1 cells was significantly
increased by pcDNA-
LOC400891 and compared with
the mock and empty vector (e, f).
After 48 h transfection, CCK8
assay (g, h) were performed to
determine the proliferation of
pcDNA-LOC400891 transfected
DU-145 and 22RV1 cells.
GAPDH protein was used as an
internal control. Data represent
the mean ± SD from three
independent experiments.
*P< 0.05

�Fig. 4 Colony-forming growth assay and invasion/migration assay using
transwell chambers for DU-145 and 22RV1. Colony-forming growth
assay (a, b) were performed to determine the proliferation of si-
LOC400891 transfected DU-145 and 22RV1 cells. Western blot
analysis of PI3K/Akt/mTOR signaling pathway and PTEN relative
protein expression level in si-LOC400891 transfected DU-145 and
22RV1 cells and respective control cells (c–e). PCa cells transfected with
si-LOC400891 displayed significantly lower migration capacity (f, g) and
lower invasion capacity (h, i) compared with those transfected with
scramble and si-NC. Western bolt analysis of vimentin, β-catenin, Twist,
and Snail protein expression level in si-LOC400891 transfected DU-145
and 22RV1 cells and respective control cells (j–l). GAPDH protein was
used as an internal control. Data represent the mean ± SD from three
independent experiments. *P< 0.05
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Discussion

LncRNAs dysregulation may affect epigenetic informa-
tion and provide a cellular growth advantage, resulting
in progressive and uncontrolled tumor growth [14–18].
Like other cancers, PCa is a complicated biological pro-
cess characterized by a myriad spectrum of molecular
abnormalities. In a previous study, the first prominent
lncRNA PCA3 was initially described as a novel bio-
marker of PCa [19] and subsequently defined as a
promising urine test for this disease [20]. Similarly,
the lncRNA PCGEM1 has been implicated in PCa as
a regulator of apoptosis [21] and newer lncRNAs are
being pursued through high-throughput technologies
[22]. Therefore, identification of cancer-associated
lncRNAs and investigation of their clinical significance
and functions may provide a missing piece of the
well-known oncogenic and tumor suppressor network
puzzle.

Improved high-throughput technology may help us find
possible therapeutic targets and identify new diagnostic
and prognostic biomarkers. The LOC400891 gene, which
is located at chromosome 22q11.21, is identified as Homo
sapiens leucine-rich repeat containing 74B (LRRC74B),
transcript variant 2. Studies have demonstrated that the
LOC400891 contains multiple differences in the internal
exons, compared to variant 1. This variant is represented
as non-coding because the use of the 5′-most translational
start codon, as used in variant 1, renders the transcript a
candidate for nonsense-mediated mRNA decay [23].
However, the expression level and biomedical functions
of LOC400891 in human cancers remain unclear.

According to the microarray data, which showed that
LOC400891 is up-regulated in the PCa tissues and pre-
dicted some relative functions, the results were not further
validated and confirmed. In our study, we focused on the
identification and characteristics of LOC400891 in PCa
and its role in proliferation, migration, and invasion. Con-
sequently, we retrospectively analyzed the expression of
LOC400891 in 81 patients with prostate carcinoma. We
found that LOC400891 was over-expressed in PCa, which
was consistent with the microarray data. Further studies
also showed that LOC400891 was up-regulated in DU-
145 and 22RV1 cell lines when compared to a normal
prostate cell line (WPMY-1). Specifically, we investigated
the clinical significance of LOC400891 in PCa patients
for the first time. A higher expression of LOC400891
was detected in tumor of higher histological grade and
deeper distant metastasis. In addition, LOC400891 elevat-
ed expression was correlated with a lower biochemical
recurrence-free survival rate and could be an independent
prognostic factor in patients with PCa. These results indi-
cate that LOC400891 expression is an independent

prognostic factor for patients with PCa, and plays an im-
portant role in the development and progression of PCa.

To further highlight the function of LOC400891, in
vitro experiments were conducted. From our clinicopath-
ological data, we found that high LOC400891 expression
was closely associated with histological grade and distant
metastasis. Thus, we suspect that LOC400891 may also
regulate the growth and metastasis of PCa cells. There-
fore, it is necessary to identify the biological function of
LOC400891 in PCa cells. siRNA-mediated knockdown of
LOC400891 significantly decreased the proliferation and
metastasis capability of DU-145 and 22RV1 cells com-
pared with the control group, suggesting that knockdown
LOC400891 expression could suppress the development
of PCa. In addition, pCDNA-LOC400891 mediated over-
expression of LOC400891 significantly promotes DU-145
and 22RV1 cells proliferation. Our results demonstrated
that high expression of LOC400891 might increase the
malignant phenotypes of PCa cells. Compared to other
lncRNAs reported in PCa, LOC400891 have the follow-
ing distinct characteristics: (1) LOC400891 expression
was closely associated with the histological grade and
distant metastasis of PCa; (2) the elevated LOC400891
expression was correlated with a lower biochemical
recurrence-free survival rate of PCa; and (3) si-
LOC400891 can significantly decreased the PCa prolifer-
ation and metastasis capability. All these indicated that
LOC400891 would be a potential prognostic biomarker
and therapeutic target in PCa.

To explore the underlying molecular mechanism by
which LOC400891 contributes to cell proliferation of
PCa, we investigated the potential PI3K/Akt/mTOR sig-
naling pathway and PTEN gene responsible for accelerated
cell growth [24, 25]. PTEN is reported to be dysfunctional
in the pathogenesis of a number of human malignancies
and aberrant methylation in tumor suppressor genes has
been linked to cancer progression and outcome [26, 27].
The results showed that siRNA-mediated knockdown of
LOC400891 significantly decreased the PI3K/Akt/mTOR
signaling pathway relative inner protein expression level
and PTEN compared with negative control and scrambled
siRNA transfection. We speculate that LOC400891 might
act via regulation of the PI3K/Akt/mTOR signaling path-
way and suppresses PTEN expression via epigenetic mod-
ification, thus promoting tumorigenesis. Epithelial–mesen-
chymal transition (EMT) process is an important step in
metastasis, during which non-motile, polarized epithelial
cells dissolve their cell-cell junctions and convert into in-
dividual, motile mesenchymal cells [28–30]. Twist was
frequently observed in the bone marrow of breast cancer
patients and the expression of Twist correlated with the
rapid occurrence of distant metastasis or local progression
[31]. Snail-positive breast cancer tends to home into the
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bone in breast cancer patients [32]. In this study, we inves-
tigated the role of LOC400891 in the EMT process in PCa.
Our results showed that up-regulation of LOC400891 pro-
moted migration and invasion of PCa cells in vitro and
further indicated that knockdown of LOC400891 expres-
sion significantly decreased vimentin, β-catenin, Twist,
and snail protein expression compared with the control
g roup . Mechan i s t i c a l l y, we demons t r a t ed tha t
LOC400891 might function as an inducer of EMT to carry
out its specific functions in PCa.

LncRNA perform its vital function by some potential tar-
gets involved in tumorigenesis [33]. In our study, INHBA and
THBS2 may be the potential targets of LOC400891 from
microarray data. However, it should be confirmed by further
study.

Conclusion

In summary, we demonstrate for the first time that increased
LOC400891 expression is a common event underlying PCa
and that LOC400891 may act as an indicator of poor survival
rate and a negative prognostic factor for PCa patients. The
effects of this lncRNA on cell proliferation, cell migration,
and invasion suggest that it promotes tumorigenesis in PCa.
An increased level of LOC400891 promotes PCa growth and
metastasis by inducing the PI3K/Akt/mTOR signaling path-
way, PTEN gene, and the EMT process, and may be a prom-
ising prognosis factor and therapeutic target for the future
treatment of PCa.
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