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Background/purpose: Long noncoding RNAs (lncRNAs) play a functional role in the 

initiation and progression of prostate cancer (PCa). This study aimed to determine differentially 

expressed lncRNA through high-throughput sequencing technology and investigate its expres-

sion, biological function and clinical correlation with PCa.

Materials and methods: Candidate lncRNAs were identified through microarray screening 

and bioanalysis. The expression of lncRNA LOC440040 in PCa tissues and cell lines was deter-

mined by reverse-transcription polymerase chain reaction. The relationship between LOC440040 

level and clinicopathological characteristics was analyzed by paired t-test or chi-square test, and 

its association with patient prognosis was assessed by the Kaplan–Meier method. The effects 

of LOC440040 on PC-3 and 22RV1 cells were evaluated by Cell Counting Kit-8 (CCK-8), 

migration, invasion and colony formation assays.

Results: LOC440040 expression was upregulated in PCa tissues and cell lines. 

Clinicopathological analysis showed that patients with high LOC440040 expression exhibited 

more advanced clinical features and shorter overall survival than those with low LOC440040 

expression. Multivariate regression analysis revealed that LOC440040 expression was an 

independent prognostic factor in patients with PCa. Knockdown of LOC440040 inhibited PCa 

cell proliferation, migration and invasion.

Conclusion: LOC440040 may play an oncogenic role in PCa initiation and progression. This 

lncRNA could be a novel molecular prognostic biomarker and a potential therapeutic target 

for PCa.

Keywords: long noncoding RNA, LOC440040, prostate cancer, prognosis

Introduction
Prostate cancer (PCa) is the most prevalent male malignancy and the second most 

common cause of cancer-related deaths in men in the US.1,2 Approximately 1 million 

new cases of PCa are diagnosed every year, accounting for ~10% of all new tumor 

cases in men worldwide.3,4 PCa is usually diagnosed in men aged .65 years. This 

severe disease can be treated using active surveillance, prostatectomy, radiotherapy, 

hormonal therapy or chemotherapy.5 Thus far, the highly complex molecular mecha-

nisms involved in PCa tumorigenesis and progression remain unclear; hence, scholars 

must develop novel and reliable biomarkers for early detection, effective treatment 

and prognosis estimation of PCa.

With the advancement of high-throughput sequencing technologies, long noncod-

ing RNAs (lncRNAs) have become relevant to identifying human diseases, particularly 

cancers.6 LncRNAs are noncoding transcripts with length of .200 nucleotides and 
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were previously considered to be transcriptional noise.7 

LncRNAs have emerged as key players in several biological 

processes, such as cell differentiation, cell proliferation, cell 

apoptosis and cell cycle progression.8–13 The relationship 

between lncRNAs and PCa has gained increased research 

attention. PCa-associated ncRNA transcript 1 (PCAT-1) is 

a prostate-specific long noncoding RNA overexpressed in a 

subset of PCa and functions as a biomarker for this cancer 

type.14 Nuclear-enriched abundant transcript 1 (NEAT1) 

is an lncRNA regulated by estrogen receptor alpha and is 

upregulated in PCa. NEAT1 expression is associated with 

PCa progression and could be used as a novel biomarker 

of disease progression.15 Several urine-based biomarkers 

in PCa have been developed in preclinical studies for non-

invasive detection of PCa. For example, urine PCA3 assay 

exhibits potential for molecular urine analysis in clinical 

practice. Urine PCA3 is a highly optimized, multiplex urine 

biomarker for accurate detection of PCa.16,17 Moreover, 

metastasis-associated lung adenocarcinoma transcript 1 

(MALAT-1) is a promising urine biomarker for predicting 

PCa risks.18

Currently, the understanding of the expression and bio-

logical role of lncRNAs in PCa remains in the early phase. 

Thus far, the lncRNA LOC440040 in PCa has not been 

investigated, and its role in PCa carcinogenesis and progres-

sion remains unclear. In the present study, we examined 

lncRNA LOC440040 expression in PCa tissues and cell 

lines compared with normal tissues and cell lines. We also 

explored the roles of LOC440040 in the biological functions 

of PCa cells. Results indicated that LOC440040 may act as 

a potential novel molecular biomarker and therapeutic target 

for the treatment of PCa.

Materials and methods
clinical specimen collection and 
microarray analysis
A total of 72 paired PCa tissues and carcinoma adjacent 

tissues were obtained from patients who underwent radical 

resection at The First Affiliated Hospital of Nanjing Medical 

University (Nanjing, Jiangsu, China) between 2010 and 

2014. None of the patients had received radiotherapy, 

chemotherapy or endocrinotherapy prior to radical pros-

tatectomy operation. All collected clinical tissue samples 

were immediately snap frozen in liquid nitrogen and stored 

at -80°C before RNA extraction. Three specimens were 

used for microarray analysis of lncRNAs, and the 69 remain-

ing specimens were selected for additional assessments. 

Microarray analysis was used to identify candidate molecular 

targets. This study was approved by the institutional review 

board of the First Affiliated Hospital of Nanjing Medical 

University and performed in accordance with the principles 

of the Declaration of Helsinki. Written informed consent was 

obtained from each patient before operation.

cell culture
Human PCa cell lines (PC-3, DU-145 and 22RV1) and normal 

myofibroblast stromal cell line (WPMY-1) were obtained 

from the Institute of Biochemistry and Cell Biology of the 

Chinese Academy of Sciences (Shanghai, China). The cells 

were cultured in F-12K, Roswell Park Memorial Institute 

(RPMI) 1640 or Dulbecco’s Modified Eagle’s Medium 

(DMEM; Gibco BRL, Carlsbad, CA, USA) medium supple-

mented with 10% heat-inactivated fetal bovine serum (FBS; 

Gibco BRL), 100 U/mL penicillin sodium and 100 mg/mL 

streptomycin sulfate at 37°C in a humidified air atmosphere 

with 5% CO
2
. Exponentially growing cells were used in all 

experiments.

rna isolation, reverse transcription and 
quantitative real-time polymerase chain 
reaction (qrT-Pcr)
Total RNA was extracted from PCa tissues and cell lines 

by using TRIzol reagent (Invitrogen Life Technologies, 

Carlsbad, CA, USA) according to the manufacturer’s 

instructions. The isolated RNA was reverse transcribed into 

cDNA by using a reverse transcription kit (Takara, Dalian, 

China). According to the manufacturer’s protocols, reverse 

transcription was conducted at 37°C for 15 min, followed 

by 85°C for 5 s. qRT-PCR analysis was conducted using a 

standard protocol from Power SYBR Green (Takara). Each 

10 μL of the PCR reaction volume comprised SYBR Premix 

(2×, 5 μL), forward primer (10 μM, 0.4 μL), reverse primer 

(10 μM, 0.4 μL), ROX Reference Dye II (50×, 0.2 μL), 

cDNA sample (1 μL) and bidistilled water (3 μL). The 

qRT-PCR reaction was performed on an ABI StepOnePlus 

instrument (Applied Biosystems, Carlsbad, CA, USA). 

Amplification was performed in triplicate starting with an 

initial denaturation step of 10 min at 95°C, followed by 

50 cycles of denaturation at 95°C for 30 s, 95°C for 5 s 

and 61°C for 30 s and final annealing extension at 72°C 

for 5 min. The relative expression of lncRNA LOC440040 

was calculated and normalized by 2 t−∆∆C  method relative to 

β-actin. Each experiment was performed in triplicate. The 

primer sequences were as follows: 1) LOC440040: forward: 

5′-ATAGTAGGGGTCATTGGGCC-3′ and reverse: 5′-AGTT 

GCCTTCTGTGTGTACG-3′ and 2) β-actin: forward: 

5′-TCACCCACACTGTGCCCATCTACGA-3′ and reverse: 

5′-CAGCGGAACCGCTCATTGCCAATGG-3′.
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small interfering rna transfection
Three LOC440040 short interfering RNAs (siRNAs) and 

scrambled negative control siRNA (si-NC) were pur-

chased from GenePharma (Shanghai, China). The target 

sequences for si-LOC440040 included si-LOC440040-1(5′-
CCAUCAUGGAUCUGAGUGATT-3′), si-LOC440040-

2 ( 5 ′ - C A U C U U U A U U G A G A U C U C A T T - 3 ′ ) 

and si-LOC440040-3(5 ′-CUGCAUUAUAAUGAA 

GCCATT-3′). Experimental results indicated that the 

latter two exhibited higher inhibition efficiency relative 

to the former. When the cell density in the six-well plate 

reached 70%, PCa cells were transfected with siRNA by 

using Lipofectamine 2000 (Invitrogen, Shanghai, China) 

according to the manufacturer’s instructions. Cells were 

harvested for further qRT-PCR and Western blot assays 48 h 

after transfection.

cell proliferation assay
PCa cells were seeded at a density of 2,500 cells/well in 

96-well plates 48 h after siRNA transfection. At 24, 48, 72 and 

96 h after transfection, 10 μL of Cell Counting Kit-8 (CCK-8; 

Dojindo, Kumamoto, Japan) was added to the plates. The 

cells were incubated for 4 h at 37°C in a humidified chamber. 

Absorbance (optical density [OD]) was detected at a wave-

length of 490 nm by using an enzyme-labeled analyzer. Each 

experiment was performed in triplicate.

cell migration and invasion assay
Cell migration and invasion assays were performed using 

Transwell chambers (8 μm pore size; Millicell, PIEP12R48). 

Cells were harvested and suspended in a serum-free medium. 

The upper chamber was added with 200 μL of the cell suspen-

sion at a density of 3×104 cells/well. The lower chamber was 

added with 500 μL of the medium containing 10% FBS as a 

chemoattractant. After 48 h of incubation, the surface of the 

upper chamber was swabbed with cotton to remove cells that did 

not migrate. The membranes were fixed and stained with 0.5% 

crystal violet. Distilled water was used for washing to remove 

excess stain materials. Three randomly selected fields were 

counted per chamber by using an inverted microscope (Olympus 

Corporation, Tokyo, Japan). Each experiment was conducted 

in triplicate. The invasion assay protocol was analogous to the 

migration assay, except that the upper chamber was first covered 

with Matrigel (BD Biosciences, San Jose, CA, USA).

colony formation assay
Cells were digested with trypsin into single-cell suspension 

48 h after transfection. Briefly, 8×102 cells were seeded per well 

into six-well plates and maintained in the media containing 

10% FBS to promote colony formation. The nutrient solution 

was changed every 5 days. After 14 days, the colonies were 

fixed with methanol for 20 min and stained with 0.1% crys-

tal violet for 30 min. Colonies containing .50 cells were 

counted. Triplicate plates were measured in each group.

Western blot assay
Cells were collected 48 h after transfection and lysed using 

the mammalian protein extraction reagent radio immu-

noprecipitation assay (RIPA) (Beyotime, Beijing, China) 

supplemented with protease inhibitor cocktail (Roche, 

Shanghai, China) and phenylmethanesulfonyl fluoride 

(Roche). Total protein was separated by 10% sodium dodecyl 

sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and 

transferred onto polyvinylidene fluoride (PVDF) membranes 

(Sigma-Aldrich Co., St Louis, MO, USA). The membranes 

were blocked with 5% nonfat milk and incubated with spe-

cific primary antihuman antibodies overnight at 4°C. The spe-

cific rabbit monoclonal antibodies for AKT, pAKT, mTOR, 

pmTOR, Vimentin, β-catenin and E-cadherin (1:1,000) were 

purchased from Cell Signaling Technology, Inc. (St Louis, 

MO, USA). The membranes were incubated with secondary 

antibodies at room temperature for 2 h. Enhanced chemilu-

minescent chromogenic substrate (Beyotime) was used to 

visualize the bands, and their intensity was quantified by 

densitometry (Quantity One software; Bio-Rad Laboratories 

Inc., Hercules, CA, USA). GAPDH was used as control.

statistical analysis
All statistical analyses were performed using SPSS 17.0 

(IBM). All data were represented as mean ± standard 

deviation (SD). The significance of differences among the 

groups was estimated by Student’s t-test or chi-square test. 

The Kaplan–Meier method was applied to evaluate the 

overall survival rates, and the log-rank test was performed 

to calculate differences in survival among the groups. The 

Cox proportional hazards regression model was used for 

univariate and multivariate analyses to obtain survival data. 

P,0.05 was considered as statistically significant.

Results
lOc440040 expression level was 
upregulated in Pca tissues and cell lines
In this study, a microarray containing 8,277 lncRNA probes 

and 32,207 mRNA probes was used to identify dysregulated 

lncRNA LOC440040 (Figure 1A). LOC440040 expression 

in 72 paired PCa tissues and adjacent nontumor tissues 

collected from patients with PCa were analyzed by qRT-PCR. 
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LOC440040 expression was significantly upregulated in 

cancer tissues compared with that in normal tissues (P,0.05; 

Figure 1B). The microarray data are consistent with those of 

the results of qRT-PCR analysis. Furthermore, LOC440040 

expression was compared between PCa cell lines (PC-3, 

DU-145 and 22RV1) and WPMY-1. The LOC440040 

expression level significantly increased in PC-3 and 22RV1 

cell lines (not shown in the DU-145 cell line, P,0.05; 

Figure 1C). Therefore, these two cell lines were selected for 

subsequent in vitro experiments.

correlation between lOc440040 
expression and clinicopathological 
features in patients with Pca
PCa samples were classified into high expression group 

(n=45) and low expression group (n=27) in accordance with 

the median LOC440040 expression level in all PCa samples. 

The association between clinicopathological features and 

LOC440040 expression is summarized in Table 1. The 

group with a high LOC440040 expression showed a higher 

Gleason score (P=0.027) and preoperative prostate-specific 

antigen (PSA) level (P=0.007) than those in the group with 

a low LOC440040 expression. Nevertheless, no significant 

Figure 1 relative lOc440040 expression levels in Pca tissues and cell lines.
Notes: (A) a microarray containing 8,277 lncrna probes was used to identify differentially expressed lncrnas in three Pca patients. (B) relative lOc440040 expression 
level in Pca tissues compared with paired adjacent normal tissues. (C) relative lOc440040 expression level in two Pca cell lines (Pc-3, 22rV1) and normal prostate cell 
line (WPMY-1). *P,0.05.
Abbreviations: lncrna, long noncoding rna; Pca, prostate cancer.

Table 1 correlation between lOc440040 expression and 
different clinicopathological features in patients with Pca

Characteristics Group Total (%) LOC440040 
expression

P-value

High (%) Low (%)

age (years) ,65 23 (31.9) 16 (69.6) 7 (30.4) 0.396

$65 49 (68.1) 29 (59.2) 20 (40.8)

Tumor size (cm) ,2.5 43 (59.7) 27 (62.8) 16 (37.2) 0.951

$2.5 29 (40.3) 18 (62.1) 11 (37.9)

gleason score ,7 21 (29.2) 9 (42.9) 12 (57.1) 0.027

$7 51 (70.8) 36 (70.6) 15 (29.4)

Preoperative Psa 
level (ng/ml)

,10 19 (26.4) 7 (36.8) 12 (63.2) 0.007

$10 53 (73.6) 38 (71.7) 15 (28.3)

clinical stage T2 52 (72.2) 32 (61.5) 20 (38.5) 0.786

T3–T4 20 (27.8) 13 (65.0) 7 (35.0)

lymph node 
metastasis

negative 59 (81.9) 36 (61.0) 23 (39.0) 0.580

Positive 13 (18.1) 9 (69.2) 4 (30.8)

Multiple lesions negative 38 (52.8) 22 (57.9) 16 (42.1) 0.393
Positive 34 (47.2) 23 (67.6) 11 (32.4)

Abbreviations: PCa, prostate cancer; PSA, prostate-specific antigen.

correlation was found between the LOC440040 level and 

other clinicopathological characteristics, such as age, 

tumor size and clinical stage (P=0.396, 0.951 and 0.786, 

respectively).
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revealed that LOC440040 expression, Gleason score, lymph 

node metastasis and multiple lesions were correlated with 

the biochemical recurrence-free survival rate of patients with 

PCa (P,0.05; Table 2). Multivariate analysis was performed 

to confirm whether these factors are independent prognostic 

markers for biochemical recurrence-free survival of patients 

with PCa (Table 2).

Knockdown of lOc440040 regulates 
Pca cell proliferation
Considering the high expression of LOC440040 in PCa 

tissues compared with that in adjacent nontumor tissues, we 

determined whether LOC440040 regulates PCa cell prolifera-

tion in vitro. Our experiments revealed that si-LOC440040-2 

and si-LOC440040-3 exhibited a higher inhibitory effect on 

PC-3 and 22RV1 cell lines among the three si-LOC440040s 

(P,0.05; Figure 3A and B). CCK-8 assay was performed 

to determine whether knockdown of LOC440040 affects the 

proliferation of PC-3 and 22RV1 cells. Our data indicated that 

the proliferation rate of PC-3 and 22RV1 cells transfected 

with si-LOC440040 significantly decreased compared with 

that of cells transfected with si-NC and scrambled siRNA 

(P,0.05; Figure 3C and D).

Colony formation assays were also performed to confirm 

the effect of LOC440040 on the proliferation of PC-3 and 

22RV1 cells. Knockdown of LOC440040 suppressed the 

colony formation compared with that in the negative control 

(P,0.05; Figure 4A and B).

We further investigated whether the knockdown of 

LOC440040 affects the mTOR signaling pathway. The 

Western blots demonstrated that the protein expression levels 

Figure 2 Kaplan–Meier survival curves of patients with Pca based on lOc440040 
expression status (P,0.001, log-rank test).
Note: Patients in the high LOC440040 expression group exhibited significantly 
poorer prognosis than those in the low lOc440040 expression group.
Abbreviation: Pca, prostate cancer.

Table 2 Univariate and multivariate analyses of biochemical recurrence-free survival (cox proportional hazards regression model)

Variable Univariate analysis Multivariate analysis

HR (95% CI) P-value HR (95% CI) P-value

age (years)
$65 vs ,65 1.063 (0.614–1.838) 0.828

Tumor size (cm)
$2.5 cm vs ,2.5 cm 1.489 (0.881–2.515) 0.137

gleason score
$7 vs ,7 3.115 (1.622–5.985) 0.001 3.352 (1.665–6.750) 0.001

Preoperative Psa level
$10 vs ,10 (ng/ml) 1.497 (0.824–2.720) 0.185

clinical stage
T3–T4 vs T2 1.048 (0.581–1.890) 0.876

lymph node metastasis
Positive vs negative 3.393 (1.720–6.693) ,0.001 3.735 (1.801–7.743) ,0.001

Multiple lesions
Positive vs negative 2.788 (1.639–4.744) ,0.001 4.109 (2.305–7.325) ,0.001

lOc440040 expression
high vs low 3.625 (2.050–6.412) ,0.001 4.871 (2.604–9.110) ,0.001

Abbreviations: HR, hazard ratio; CI, confidence interval; PSA, prostate-specific antigen.

association between lOc440040 
expression and prognosis of patients 
with Pca
We further investigated the associations of LOC440040 

expression with survival of patients with PCa after radical 

prostatectomy. The Kaplan–Meier analysis indicated that 

patients in the high LOC440040 expression group exhibited 

a significantly shorter biochemical recurrence-free survival 

time than those in the low LOC440040 expression group 

(log-rank test, P,0.001; Figure 2). Univariate analysis 
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of pAKT and pmTOR were significantly lower in PC-3 

and 22RV1 cells transfected with siRNA than those trans-

fected with si-NC. However, the variation in LOC440040 

expression did not affect the expression of AKT and mTOR  

protein (P,0.05; Figure 4C–G). These findings suggest that 

LOC440040 might promote the proliferation of PCa cells 

in vitro and might be mediated by the PI3K/AKT/mTOR 

signaling pathway.

suppression of lOc440040 inhibited Pca 
cell migration and invasion
We examined the effect of LOC440040 on PCa cell migration 

and invasion. Transwell migration assay results revealed that 

suppression of LOC440040 inhibited PC-3 and 22RV1 cell 

migration compared with that in the control group (P,0.05; 

Figure 5A–D). The invasive potential of si-LOC440040-

treated cells was also assessed by Transwell assay using 

invasion chambers. The results indicated that the invasion 

capacity of PCa cells transfected with si-LOC440040 sig-

nificantly decreased (P,0.05; Figure 4H and I). To investi-

gate the underlying molecular mechanism of LOC440040, 

we analyzed the effect of LOC440040 knockdown on the 

epithelial mesenchymal transition (EMT) pathway. Three 

EMT markers, namely, Vimentin, β-catenin and E-cadherin, 

were selected for Western blot analysis. The relative expres-

sion levels of Vimentin and β-catenin in si-LOC440040-

infected cells were lower than those in the control group. 

However, the expression of E-cadherin remarkably increased 

after LOC440040 knockdown (P,0.05; Figure 5E–G). These 

findings indicate that LOC440040 is a key regulator of PCa 

cell migration and invasion and is thus indispensable for PCa 

metastasis because of its role in EMT induction.

Discussion
Exploring novel molecules that participate in PCa occur-

rence and development is vital in improving the prevention, 

diagnosis and treatment of this disease. Currently, lncRNAs 

have been recognized to regulate complex cellular processes, 

such as cell growth, cell differentiation and establishment of 

cell identity commonly deregulated in cancer.19–21 Several 

lncRNAs have been identified, and their expression levels 

were found to be altered in PCa. For example, MALAT-1 

was upregulated in human PCa tissues and cell lines and 

knockdown of MALAT-1 inhibited PCa features, including 

Figure 3 effects of lOc440040 knockdown on Pca cell proliferation.
Notes: (A and B) Expression of LOC440040 in PC-3 and 22RV1 cells was significantly downregulated after si-LOC440040 transfection. (C and D) cell proliferation was 
measured by ccK-8 assay in Pc-3 and 22rV1 cells transfected with si-lOc440040 or si-nc. *P,0.05.
Abbreviations: ccK-8, cell counting Kit-8; OD, optical density; Pca, prostate cancer; si-nc, negative control sirna; sirna, short interfering rna.
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cell proliferation, migration, invasion and metastasis.22 

Urine MALAT-1 serves as a potential novel biomarker for 

diagnosis of PCa, particularly for early tumor screening.18 

LncRNA PCAT-1 regulates the proliferation of PCa cells 

through cMyc.23 SChLAP1, another lncRNA, is overex-

pressed in a subset of PCa. A high SChLAP1 expression by in 

situ hybridization (ISH) independently predicts biochemical 

recurrence after radical prostatectomy. SChLAP1 may be a 

useful tissue-based biomarker for identifying patients with 

PCa at a high risk of lethal progression.24 These findings 

indicate that lncRNA might play a fundamental role in PCa 

initiation and development and thus exhibit potential for 

clinical application.

Advances in high-throughput technology have enabled 

the identification of unbiased biomarkers and therapeutic 

targets.25 LOC440040 is a novel identified lncRNA located 

in the chromosome 11p11.12 gene desert. Microarray data 

analysis reveals that LOC440040 is overexpressed in PCa 

tissues. In the present study, we first analyzed LOC440040 

expression in PCa tissues and cell lines through qRT-PCR. 

Consistent with the microarray data, LOC440040 expression 

significantly increased in PCa specimens compared with that 

in adjacent nontumor tissues. Furthermore, LOC440040 

expression was upregulated in PCa cell lines (PC-3, 22RV1) 

compared with that in WPMY-1 cell. These findings pro-

vide the first evidence that LOC440040 possibly plays an 

oncogenic role in PCa carcinogenesis. We then explored 

whether LOC440040 expression is significantly associated 

with clinicopathological characteristics of patients with PCa. 

LOC440040 was highly expressed in patients with high 

Gleason score and preoperative PSA level. Additionally, 

our results indicate that patients with a high LOC440040 

Figure 4 effects of lOc440040 knockdown on Pca cell proliferation.
Notes: (A and B) colony formation assay was performed to determine the proliferation of Pc-3 and 22rV1 cells after si-lOc440040 transfection. (C–G) Western blot 
protein expression levels in Pc-3 and 22rV1 cells after si-lOc440040 transfection. gaPDh protein was used as an internal control. *P,0.05.
Abbreviations: Pca, prostate cancer; si-nc, negative control sirna; sirna, short interfering rna.
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expression tend to have lower biochemical recurrence-free 

survival rate than those with a low expression. Finally, 

multivariate Cox regression analysis indicated that a high 

LOC440040 expression could be an independent indicator of 

unfavorable prognosis for patients with PCa. To the best of our 

knowledge, this study is the first to investigate LOC440040 

expression and its clinical significance in PCa.

In vitro experiments were performed to elucidate the 

biological functions of LOC440040 in PCa. We detected cell 

proliferation, colony formation, migration and invasion in 

PCa cell lines. Our results demonstrate that siRNA-mediated 

knockdown of LOC440040 in PC-3 and 22RV1 cells inhib-

ited cell proliferation, colony formation, migration and inva-

sion in PCa. In comparison with other lncRNAs reported in 

PCa, LOC440040 exhibits the following distinct features: 

1) LOC440040 expression is upregulated in PCa tissues and 

cell lines; 2) a high LOC440040 expression is associated with 

a low biochemical recurrence-free survival rate and 3) the 

proliferation and metastasis of PCa cells are inhibited after 

knockdown of LOC440040. Hence, lncRNA LOC440040 

could act as an oncogene in the development of PCa.

The PI3K–AKT–mTOR signaling pathway regulates 

cellular functions, including cell growth, proliferation, 

metabolism, survival and angiogenesis.26 To determine the 

molecular mechanism through which LOC440040 controls 

cell proliferation, we determined the effect of LOC440040 

knockdown on PI3K/Akt/mTOR. The results suggested 

that the PI3K/Akt/mTOR signaling pathway remarkably 

Figure 5 effects of lOc440040 knockdown on Pca cell migration and invasion.
Notes: (A and B) The Transwell migration assay showed that the number of migrated cells was significantly lower in the si-LOC440040-transfected group than in the 
si-nc-transfected group. (C and D) The Transwell invasion assay showed that the number of invaded cells was significantly lower in the si-LOC440040-transfected group 
than in the si-nc-transfected group. (E–G) Western blot protein expression levels in Pc-3 and 22rV1 cells after si-lOc440040 transfection. gaPDh protein was used as 
an internal control. *P,0.05.
Abbreviations: Pca, prostate cancer; si-nc, negative control sirna; sirna, short interfering rna.
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decreased relative to the inner protein expression level after 

LOC440040 knockdown. Hence, LOC440040 possibly 

contributes to PCa tumorigenesis by regulating the PI3K/

Akt/mTOR signaling pathway. Multiple lines of evidence 

show that EMT-like events are important for tumor pro-

gression and malignant transformation. These events 

confer incipient cancer cells with invasive and metastatic 

properties.27,28 In the present study, we explored the effect of 

LOC440040 knockdown on EMT in PCa. Our data illustrated 

that the upregulation of LOC440040 promoted the migra-

tion and invasion of PCa cells in vitro. After knockdown of 

LOC440040, the protein expression levels of Vimentin and 

β-catenin were downregulated. Thus, we may deduce that 

LOC440040 is necessary for PCa metastasis possibly because 

it induces EMT.

However, this research still presents some limitations. 

First, clinical data were collected using a retrospective 

approach. As such, future studies should use a large sample 

size to validate our results. Second, the relationship between 

LOC440040 and cell cycle and xenograft carcinogenesis 

was not investigated, despite that we analyzed the effects 

of LOC440040 on the proliferation, colony formation, 

migration and invasion of PCa cells. Third, according to the 

results of microarray data, THBS2 and INHBA might be 

the target genes of LOC440040. Therefore, comprehensive 

studies must be performed to elucidate the precise mecha-

nisms through which the genesis and development of PCa 

are promoted.

Collectively, this study is the first to explore the function 

of LOC440040 in PCa progression. The results demonstrate 

that intervention of LOC440040 function by drugs exhibits 

potential clinical value in the prevention of PCa. Therefore, 

our findings may not only enrich our understanding regard-

ing the basic molecular mechanism underlying the role of 

LOC440040 in PCa but also provide a potential novel thera-

peutic target and promising prognostic indicator for future 

treatment of PCa.

Conclusion
This study suggested that LOC440040 expression is increased 

in PCa tissues and cell lines. Our results also indicated that a 

high LOC440040 expression level was associated with tumor 

progression and poor survival rate in PCa patients. The effects 

of LOC440040 on cell proliferation, cell migration and 

invasion showed that it contributes to tumorigenesis in PCa. 

A high LOC440040 expression promotes PCa cell growth, 

invasion and metastasis via the induction of PI3K/Akt/

mTOR signaling pathway and EMT process. These findings 

indicated that LOC440040 may exert carcinogenic functions 

in the genesis and progression of PCa, providing a potential 

attractive therapeutic target and prognostic factor for this 

malignancy.
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