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Long non-coding RNA Linc00152 is a positive  
prognostic factor for and demonstrates malignant  
biological behavior in clear cell renal cell carcinoma
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Abstract: Accumulating evidence demonstrates that lncRNAs play important roles in regulating gene expression and 
are involved in various pathological processes. In the present study, we screened the lncRNAs profile in clear cell 
renal cell carcinoma (ccRCC) from The Cancer Genome Atlas (TCGA) database, and got linc00152, a differentially 
expressed lncRNA that haven’t been reported in ccRCC. To further explore its role in ccRCC, the level of Linc00152 
was detected in 77 paired ccRCC tissues and renal cancer cell lines by qRT-PCR, and its association with overall 
survival was assessed by statistical analysis. Linc00152 expression was significantly up-regulated in cancerous tis-
sues and cell lines compared with normal counterparts, and high Linc00152 expression was closely associated with 
advanced TNM stage. Moreover, Linc00152 was found to be able to serve as an independent predictor of overall 
survival. Further experiments demonstrated that overexpression of Linc00152 can significantly promote cell prolif-
eration and invasion, inhibit cell cycle arrest in G1 phase and dramatically decrease apoptosis in both 786O and 
Caki-2 cell lines, whereas the opposite results were observed with attenuated Linc00152 expression. Our data sug-
gest that Linc00152 is a novel molecule involved in ccRCC progression as well as a potential prognostic biomarker 
and therapeutic target.
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Introduction

Renal cell carcinoma (RCC) is one of the ten 
most common cancers, with approximately 
202,000 cases and 102,000 deaths worldwide 
[1, 2]. Despite the wide use of ultrasound and 
computed tomography, approximately 30% of 
patients with newly diagnosed disease show 
evidence of metastases at presentation [3]; the 
overall median survival of such patients is less 
than one year. Clear cell renal cell carcinoma 
(ccRCC) is the most common subtype of renal 
cancer and accounts for approximately 75% of 
cases [4]. Therefore, an understanding of the 
pathophysiological mechanisms contributing to 
RCC is of paramount importance when devel-
oping new diagnosis and treatment strategies 
and for improving the overall prognosis of RCC 
patients.

Long noncoding RNAs (lncRNAs), a newly dis-
covered class of noncoding RNAs (ncRNA) gr- 
eater than 200 nucleotides in length, are be- 
ing increasingly reported in a variety of cancer 
types, suggesting an important role in human 
diseases, especially tumors [5, 6]. Indeed, em- 
erging studies have indicated lncRNA involve-
ment in diverse physiological and pathologi- 
cal processes, such as cell growth, apoptosis, 
stem cell pluripotency, and development, by 
acting as transcriptional, posttranscriptional, or 
epigenetic regulators [7-10]. However, the ma- 
jority of lncRNAs have not yet been functionally 
characterized.

Although the dysregulation of lncRNAs has 
been demonstrated in RCC, including MALAT1 
[11, 12], GAS5 [13], H19 [14] and KCNQ1OT1 
[15], the profiles of lncRNAs in this malignancy 
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remain largely unknown. Previous studies veri-
fied that lncRNA profiling could be achieved 
using the database The Cancer Genome Atlas 
(TCGA) (http://cancergenome.nih.gov/), which 
provides a platform for researchers to search, 
download, and analyze data sets generated by 
TCGA. In the present study, the TCGA database 
was used to search lncRNA gene expression 
profiles in ccRCC. By applying a comprehensive 
analysis of lncRNA expression profiles, we iden-
tified Linc00152 as a new candidate lncRNA 
that promotes the development of RCC. Fu- 
rthermore, its biological role and clinical signifi-
cance were evaluated.

Materials and methods

Patient samples

The study was undertaken with the understand-
ing and written consent of each subject, and 
the methodologies conformed to the standards 
set by the declaration of Helsinki. All human tis-
sues were collected using protocols approved 
by the Human Ethics Committee of the Fudan 
University Shanghai Cancer Center. ccRCC tis-
sues and normal tissues were obtained from 
77 patients who had undergone surgical resec-
tion of colorectal cancer between 2009 and 
2013. No local or systemic treatment had been 
administered to these patients prior to surgery. 
All tissue samples were washed with sterile 
phosphate-buffered saline before being snap 
frozen in liquid nitrogen and then stored at 
-80°C until analyzed. The pathological stage 
and grade were evaluated by an experienced 
pathologist. The data set from an independent 
cohort in the TCGA database was utilized for 
the evaluation of Linc00152 expression as a 
prognostic factor in ccRCC.

Cell lines and culture conditions

The immortalized normal human proximal tu- 
bule epithelial cell line HK-2 and four human 
RCC cell lines (786O, Caki-2, A498, ACHN, Caki-
1) were purchased from Institute of Bioche- 
mistry and Cell Biology of the Chinese Academy 
of Sciences (Shanghai, China). The HK-2 cells 
were cultured in KSFM medium (Gibco) and the 
786O cell line in RPMI 1640 medium (HyClone). 
The remaining cell lines were grown in Dulbe- 
cco’s modified Eagle’s medium (DMEM, HyClo- 
ne). All media were supplemented with 10% 
fetal bovine serum (10% FBS, Gibco), 100 U/ml 
penicillin (Gibco), and 100 mg/ml streptomycin 

(Gibco), and all cell lines were maintained at 
37°C in a humidified atmosphere of 5% CO2.

RNA extraction and qRT-PCR analyses

As described in previous reports [16, 17], total 
RNA was extracted from tumorous and adja-
cent normal tissues using Trizol (Invitrogen, 
Carlsbad, CA, USA) following the manufactur-
er’s protocol. RT and qPCR kits were used to 
evaluate expression of Linc00152 in the tissue 
samples. The 20 μL RT reactions were per-
formed using a PrimeScript® RT reagent kit 
(Takara, Dalian, China) and incubated for 30 
min at 37°C, for 5 s at 85°C, and then main-
tained at 4°C. For real-time PCR, 1 μL diluted 
RT product was mixed with 10 μL of 2 × SYBR® 
Premix Ex Taq™ (Takara, Dalian, China), 0.6 μL 
forward and reverse primers (10 μM), and 8.4 
μL nuclease-free water in a final volume of 20 
μL, according to the manufacturer’s instructi- 
ons. The primers used in this study were 5’- 
TGAGAATGAAGGCTGAGGTGT-3’ (forward) and 
5’-GCAGCGACCATCCAGTCATT-3’ (reverse). All 
reactions were carried out using an Eppendorf 
Mastercycler EP Gradient S (Eppendorf, Ger- 
many) under the following conditions: 95°C for 
30 s, followed by 40 cycles at 95°C for 5 s and 
60°C for 30 s. Real-time PCR was performed in 
triplicate, and no-template controls were in- 
cluded. Amplification of the appropriate prod-
uct was confirmed by melting curve analysis fol-
lowing amplification. The relative expression of 
Linc00152 was calculated using the compara-
tive cycle threshold (CT) (2-ΔΔCT) method wi- 
th glyceraldehyde-3-phosphate dehydrogenase 
(ACTIN) as the endogenous control for data nor-
malization. Each sample was analyzed in tri- 
plicate.

Transfection of RCC cells

Small interfering RNA (siRNA) and nonspecific 
control siRNA were synthesized (Biotend, Sh- 
anghai, China) and transfected into cells using 
Lipofectamine 3000 (Invitrogen, USA). To over-
express Linc00152, the full-length coding se- 
quence was amplified and subcloned into the 
pcDNA 3.1 (+) vector (Invitrogen) according to 
the manufacturer’s instructions. The cell lines 
786O and Caki-2 were transfected with a nega-
tive control vector or the Linc00152-expressing 
plasmid according to the manufacturer’s proto-
col, and the cells were harvested after 48 h for 
qRT-PCR. The siRNA oligonucleotide sequen- 
ces targeting Linc00152 were siRNA1 (5’-GG- 
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TCTGGTCGGTTTCCCATTTdTdT-3’), siRNA2 (5’- 
GGAGAUGAAACAGGAAGCUdTdT-3’), and the 
sequence of negative control was 5’-UUCU- 
CCGAACGUGUCACGUdTdT-3’. 

Cell proliferation assays

A total of 2 × 103 cells per well was seeded in 
96-well plates 24 h before the experiment. 
786O and Caki-2 cells were transfected with 
pcDNA3.1-linc0052 or the negative control, 
whereas A498 and ACHN cells were transfect-
ed with siRNA or scramble siRNA. Proliferation 
was measured using the CCK-8 kit (Dojindo, 
Japan) according to the manufacturer’s proto-
col. All experiments were performed in tripli-
cate. Cell proliferation curves were plotted us- 
ing the absorbance at each time point.

Colony formation assay

Cells were digested with trypsin into single-cell 
suspensions at 48 h after transfection. For the 
colony formation assay, a sample of 1,000 cells 
was plated into 6-well plates and incubated in 
corresponding media with 10% FBS at 37°C. 
After one week, the cells were fixed and stained 
with 0.1% crystal violet, and visible colonies 
were manually counted. Triplicate wells were 
measured for each treatment group.

Cell wound-healing and invasion assays

For the wound-healing assay, cells were seed- 
ed into six-well plates and allowed to grow to 
90-95% confluence. At 5 h after transfection 
with pcDNA3.1-linc00152 or siRNA, a single 
scratch wound was created. The cells were 
washed three times with PBS to remove cell 
debris, supplemented with serum-free medium, 
and monitored. Images were captured by ph- 
ase-contrast microscopy at 0, 24, 36 and 48 h 
after wounding.

The cell invasion assay was performed using 
24-well insert transwell chambers (8.0 mm, 
Corning, NY). Cells (2 × 104) suspended in 200 
µL serum-free medium were added to the upper 
chamber, and culture medium containing 20% 
FBS was placed in the bottom chamber. The 
cells were then incubated for 24 h or 48 h at 
37°C; the cells on the upper surface were 
scraped and washed away, whereas the cells 
on the lower surface were fixed with 20% meth-
anol and stained with 0.1% crystal violet. The 
number of invaded cells was counted in five 

randomly selected fields under a microscope. 
The experiments were independently repeated 
in triplicate.

Cell cycle assays

Transfected RCC cells were harvested after 48 
h of incubation in 6-well plates. The cells were 
collected and fixed in 70% ethanol (chilled to 
-20°C) overnight. The cells were then washed 
with PBS and stained for 30 min with propidium 
iodide (PI; BD Biosciences) in PBS supplement-
ed with RNase (50 mg/ml) in the dark at room 
temperature. The assays were performed in 
triplicate for each sample, and the cell cycle 
distribution was evaluated using a flow cytom-
eter in accordance with the manufacturer’s 
guidelines (FACS, BD Biosciences).

Apoptosis assay

Transfected cells were harvested and double 
stained with fluorescein isothiocyanate-Annex-
in V and propidium iodide using a PE Annexin  
V Apoptosis Detection Kit (BD Biosciences, 
Franklin Lakes, NJ, USA) according to the man-
ufacturer’s recommendations. The cells were 
then analyzed using a flow cytometer (FACScan; 
BD Biosciences) equipped with Cell Quest soft-
ware (BD Biosciences). The cells were discrimi-
nated into viable cells, dead cells, early apop-
totic cells and apoptotic cells, and the relative 
ratio of early apoptotic cells was compared with 
control transfection in each experiment.

Statistical analysis

Each experiment was repeated 3 times, and 
the data are presented as the mean with error 
bars indicating the standard deviation. All sta-
tistical analyses were performed using SPSS 
18.0 (IBM, SPSS, Chicago, IL), Figures were 
made by GraphPad Prism 6 (GraphPad Software 
Inc., San Diego, CA, USA) and R software (R ver-
sion 3.1.2). The significance of the differences 
between groups was estimated using the St- 
udent t-test, χ2 test, or Wilcoxon test. OS rates 
were calculated using the Kaplan-Meier meth-
od with the log-rank test for comparisons. 
Spearman rank order was used to analyze the 
correlations between clinical parameters and 
expressions of Linc00152; Univariate analysis 
and multivariate models were fit using a Cox 
proportional hazards regression model. A value 
of P < 0.05 indicated a significant difference.
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Figure 1. Screen of ccRCC-specific LncRNA in the TCGA database. A. Linc00152 was found to be highly over-ex-
pressed in ccRCC tissues compared with normal tissues in the TCGA RNA-seq data (P < 0.001). B. Differential gene 
expression analysis was performed based on a negative binomial distribution.
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Results

Screening of ccRCC-specific lncRNAs

The TCGA database was used to search for dif-
ferentially expressed lncRNAs between ccRCC 
tissues and normal tissues. Based on ccRCC 
RNA-seq data, Linc00152 was found overex-
pressed in ccRCC tissues. As shown in Figure 
1A, Linc00152 displayed the highest fold ch- 
ange (Tumor/Normal) in ccRCC. We also per-
formed a differential expression analysis using 
the R software package (DEseq2). Figure 1B 
shows the relationship between the gene ex- 
pression data and log2-fold changes.

Linc00152 is up-regulated in human ccRCC 
tissues and is associated with poor prognosis

To explore the role of Linc00152 in ccRCC pro-
gression, we first examined its expression in 77 
paired ccRCC tissues and adjacent normal tis-
sues by qRT-PCR; the results were normalized 
to β-actin. As presented in Figure 2A, Linc- 
00152 expression was significantly up-regulat-
ed compared with pair-matched noncancerous 
renal tissues (P=0.003). The level of Linc00152 
was then detected in five human ccRCC cell 
lines (786-O, ACHN, A498, Caki-1 and Caki-2) 
and one normal kidney cell line (HK-2), reveal-
ing elevated Linc00152 expression in all five 
ccRCC cell lines compared with HK-2 cells 
(Figure 2B).

We next analyzed the correlation between 
Linc00152 expression levels and the clinico-
pathologic characteristics of the 77ccRCC pa- 
tients (Table 1). Correlation regression analysis 
showed that high Linc00152 expression was 
significantly correlated with the TNM stage 
(P=0.014). However, no association was found 
between the Linc00152 expression level and 
other parameters such as age and tumor size.

We further examined whether Linc00152 ex- 
pression correlated with outcome in ccRCC 
patients. Kaplan-Meier survival analysis and 
log-rank tests using patient postoperative sur-
vival was performed. The Kaplan-Meier survival 
curve demonstrated that high Linc00152 
expression is a significant predictor of overall 
survival (Figure 2C, P < 0.001). Consistently, 
the high Linc00152 expression contributed  
to a significant poorer survival (n=525, P < 
0.0001, log-rank test; Figure 2D) in another 
independent cohort available at the TCGA da- 
tabase. Univariate analysis identified that Li- 
nc00152 expression, TNM stage and Fuhrman 
grade are associated with prognosis (Table 2), 
and multivariate analysis confirmed the prog-
nostic value of Linc00152 expression, indicat-
ing that the expression level may serve as an 

Figure 2. The expression of Linc00152 in ccRCC and its association with patient prognosis. A. Linc00152 expres-
sion was assessed by qRT-PCR in renal cancer cell lines (786O, Caki-2, A498, ACHN, Caki-1) and compared with the 
normal human proximal tubule epithelial cell line HK-2. B. Differences in expression levels of Linc00152 between 
ccRCC tissues and matched non-tumor tissues. The expression of Linc00152 was normalized to ACTIN. Significant 
differences between samples were analyzed with the paired samples t-test. C. Kaplan-Meier curves for overall 
survival of patients with ccRCC categorized according to Linc00152 expression: significantly poorer overall survival 
was observed in patients with high Linc00152 expression than those with low Linc00152 expression (P < 0.001, 
log-rank test). *P < 0.05. D. The high Linc00152 expression contributed to a significant poorer survival in another 
independent cohort available at the TCGA database (n=525, *P < 0.0001, log-rank test).

Table 1. The correlation between Linc00152 
and clinicopathological parameters

Variables n 
(%)

Expression of 
Linc00152 χ2 P value
Low High

Sex 0.381 0.537
    Male 48 23 25
    Female 29 16 13
Age, y 1.628 0.202
    ≤ 60 43 20 23
    > 60 34 19 15
Size 0.007 0.931
    ≤ 4 cm 28 14 14
    > 4 cm 49 25 24
TNM stage 6.006 0.014*
    I 22 16 6
    II-IV 55 23 32
Fuhrman grade 3.163 0.075
    G1-G2 30 19 11
    G3-G4 47 20 27
Vascular invasion 3.835 0.050
    Yes 15 11 4
    No 62 28 34
Distant metastasis 0.945 0.331
    Yes 20 12 8
    No 57 27 30
*: P < 0.05.
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independent prognostic factor for ccRCC pa- 
tients. All these data suggest that Linc00152 
plays a role in ccRCC progression and deve- 
lopment.

Enforced expression of Linc00152 promotes 
ccRCC cell proliferation and invasion

To investigate the biological functions of Linc- 
00152 in ccRCC, we first enhanced its expres-
sion by transfecting the Linc00152 expressi- 
on vector pcDNA3.1-linc00152 into 786O and 
Caki-2 cells, which showed the highest basic 
levels of this lncRNA. qPCR assays revealed sig-
nificantly increased Linc00152 expression in 
the two cell lines (Figure 3A), and cell-counting 
kit 8 (CCK-8) assays indicated that heightened 
expression of Linc00152 significantly promot-
ed cell proliferation in both cell lines (Figure 
3B). Similar effects were observed in the colony 
formation assay, whereby the numbers of colo-
nies were increased following Linc00152 over-
expression compared with control cells (Figure 
3C).

In evaluating the migration efficiency of RCC 
cells, a wound-healing assay revealed a faster 
scratch closure rate for cells with increased 
Linc00152 expression compared with control 
cells, which suggests enhanced mobility (Figure 
3D). The transwell assay further confirmed that 
Linc00152 overexpression significantly incre- 
ased the migration of 786O and Caki-2 cells 
(Figure 3E).

To determine whether the proliferative effects 
of Linc00152 on RCC cells resulted from altera-
tion of the cell cycle or apoptosis, a flow cytom-
etry analysis was performed. The results indi-
cated that Linc00152 overexpression signifi- 
cantly inhibited the arrest of both cell lines in 

G0/G1 phase (P < 0.05), with an obvious 
increase in the number of cells in S-phase (P < 
0.05; Figure 3F). In addition, the proportions of 
apoptotic cells following pCDNA3.1-linc00152 
transfection were significantly decreased com-
pared with those in the control groups (P < 
0.05; Figure 3G).

Attenuated expression of Linc00152 inhibits 
ccRCC cell proliferation and invasion

To further verify that Linc00152 expression is 
positively related to ccRCC progression, we 
employed two siRNA oligonucleotides to down-
regulate endogenous expression of this lncRNA 
in A498 and ACHN cells, which have the lowest 
levels of Linc00152. qPCR confirmed the effi-
ciency of the siRNAs in the two cell lines (Figure 
4A). As demonstrated by CCK-8 assays, repres-
sion of Linc00152 significantly decreased the 
proliferation of A498 and ACHN cells (Figure 
4B), and colony formation in Linc00152-re- 
pressed A498 and ACHN cells was significantly 
reduced compared with the control groups 
(Figure 4C).

As cell invasion is an important aspect of can-
cer progression that involves the migration of 
tumor cells into contiguous tissues and the dis-
solution of extracellular matrix proteins, we 
evaluated the effects of Linc00152 on cell 
migration and invasion. A wound assay showed 
that renal cancer cells transfected with two siR-
NAs have a lower migration capacity than con-
trol cells (P < 0.05; Figure 4D). The results of 
transwell assays shown in Figure 4E demon-
strate that transfection of siRNAs targeting 
Linc00152 impeded the migratory ability of 
A498 cells (P < 0.05), and a corresponding 
effect on invasiveness was also observed in a 
parallel invasion assay (P < 0.05).

Table 2. Univariate and multivariate analyses of clinicopathological factors for overall survival

Variables
Univariate analysis Multivariate analysis

HR 95% CI P value HR 95% CI P value
Linc00152 expression 3.616 1.734-7.541 0.001** 2.577 1.233-5.387 0.012*
TNM stage (I, II-IV ) 6.131 1.187-20.083 0.003** 3.483 1.052-11.534 0.041*
Fuhrman grade (G1-G2, G3-G4) 5.826 2.259-15.026 < 0.001** 4.159 1.604-10.787 0.003**
Sex (male, female) 0.563 0.271-1.169 0.123
Age (≤ 60, > 60) 0.979 0.946-1.014 0.244
Size (≤ 4 cm, > 4 cm) 1.189 0.594-2.378 0.625
Vascular invasion (Yes, No) 1.507 0.706-3.214 0.289
Distant metastasis (Yes, No) 1.470 0.723-2.989 0.288
Abbreviation: HR, hazard ratio. *P < 0.05, **P < 0.01.
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Figure 3. Linc00152 promotes the aggressiveness of RCC cells. (A) The relative expression level of Linc00152 in 786O and Caki-2 cells was significantly increased 
by transfection of a Linc00152 expression vector. (B) Enhanced expression of Linc00152 in 786O and Caki-2 cell lines significantly promoted their proliferative 
capacities, as determined by cell number counting and colony formation assays (C). (D) A wound-healing assay revealed that cells with enhanced Linc00152 expres-
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sion exhibited a faster scratch closure rate than control cells. (E) A transwell assay further confirmed that Linc00152 overexpression significantly increased 786O 
and Caki-2 cell migration. (F) Enhanced expression of Linc00152 resulted in cell arrest in G1 phase of the cell cycle (G) and a dramatic decrease in apoptosis. *P 
< 0.05.
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Figure 4. Knockdown of Linc00152 inhibits RCC cell proliferation and invasion. A. Knockdown efficiency in A498 and ACHN cells was determined by qRT-PCR. B. 
Repression of Linc00152 decreases proliferation in A498 and ACHN cells. The proliferative capacity was determined by the CCK-8 assay. C. Colony-forming assays 
were performed to determine the proliferation of A498 and ACHN cells. The colonies were counted and captured. D. A wound-healing assay revealed that cells with 
attenuated Linc00152 expression showed a slower scratch closure rate than control cells. E. Transwell assays were performed to investigate the invasive ability of 
A498 and ACHN cells. The numbers inside the bars represent the relative ratio of invaded cells (normalized to the control). F. The cell cycle was arrested in G1 phase 
in A498 and ACHN cells with Linc00152 silencing. G. Annexin V/PE staining and flow cytometry analysis was used to assess apoptosis in A498 and ACHN cells, with 
a significant increase in apoptosis was observed. *P < 0.05.
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Next, to further assess whether the effect on 
RCC cell proliferation occurred by altering cell 
cycle progression, we examined cell cycling in 
A498 and ACHN cells by flow cytometry. The 
data revealed that after transfected with two 
siRNAs, the progression of A498 and ACHN 
cells was significantly stalled at G0-G1 phase (P 
< 0.05; Figure 4F). In addition, we performed 
flow cytometric analysis of si-linc00152-treat-
ed A498 and ACHN cells to determine whether 
apoptosis was a contributing factor to cell 
growth inhibition. The data showed a significant 
increase in apoptotic cells in the si-linc00152-
treated A498 and ACHN cells compared with 
the siNC-treated groups (Figure 4G). 

Discussion

At present, with the aid of high-throughput tech-
niques, a variety of systematic cancer genom-
ics projects, such as TCGA (http://cancerge-
nome.nih.gov/), are being used to investigate 
different molecular pathways and genomic, 
transcriptomic, proteomic, and epigenomic al- 
terations in each specific type of cancer. These 
investigations not only focus on the role of pro-
tein-coding genes but also include long non-
coding transcripts, which have been shown to 
be involved in the regulation of a diverse array 
of biological processes [5, 6, 18-20]. For ex- 
ample, Hirata et al. [11] demonstrated that 
MALAT1 is markedly increased in RCC tissues 
and cell lines and that its overexpression pro-
motes aggressive RCC through Ezh2 and inter-
action with miR-205. In addition, Guo et al. [21] 
identified three single-nucleotide polymorph- 
isms (SNPs) in ZNRD1-AS1 and reported that 
these SNPs influence the susceptibility of cervi-
cal cancer by influencing ZNRD1 expression. By 
comparing tumor to peritumoral tissues using 
microarrays, Yang et al. [22] identified a small 
number of lncRNAs that are aberrantly ex- 
pressed in hepatitis B virus-related HCC and 
found that hypoxia-induced histone deacety-
lase 3 represses lncRNA-LET by reducing his-
tone acetylation-mediated modulation of the 
lncRNA-LET promoter region. In the present 
study, we analyzed ccRCC datasets based on 
the TCGA platform and identified a long non-
coding RNA: Linc00152 and confirmed that the 
expression of Linc00152 was significantly high-
er in ccRCC tissues and cell lines. Clinically, 
increased expression of Linc00152 is an inde-
pendent predictor of OS in ccRCC patients in 
our corhort. And the reliability of prognosti- 
cation based on Linc00152 was further con-

firmed in a large-scale sample from the TCGA 
database, indicated that Linc00152 may po- 
tentially a reliable prognosis predictor of ccRCC.

Previous studies have demonstrated that Lin- 
c00152 functions as an oncogene in gastric 
cancer and cell lines [23, 24]; indeed, knock-
down of Linc00152 inhibits the proliferation of 
gastric cancer cells [25]. These findings are 
consistent with our present report of increased 
Linc00152 expression in ccRCC, indicating th- 
at Linc00152 may be a common oncogenic 
lncRNA. Although a variety of lncRNAs are aber-
rantly expressed in several tumors, the mecha-
nisms underlying such dysregulation are poorly 
understood. According to National Center for 
Biotechnology Information (NCBI; http://www.
ncbi.nlm.nih.gov/gene/112597), Linc00152 is 
an intergenic lncRNA located on 2p11.2; BANP 
and HSD17B14 genes may interact with Li- 
nc00152 to promote tumor progression. In 
addition, to determine whether Linc00152 fu- 
nctions as a competing endogenous RNA (ce- 
RNA) by competitively binding to common mi- 
croRNAs (miRNAs), we performed a search for 
possible binding sites using the online software 
programs starBase v2.0 (http://starbase.sysu.
edu.cn/mirLncRNA.php) and miRcode 11 (ht- 
tp://mircode.org) and found that Linc00152 
contains complementary sites for the seed 
region of multiple ccRCC related miRNAs such 
as miR-138/138ab [26, 27] and miR-376c-3p 
suggests that Linc00152 may also function as 
a “sponge” [28] in ccRCC. Moreover, together 
with recent literature, we assume that Linc- 
00152 may be involved in the cell cycle via 
binding to specific protein, similar to ZFAS1 
[29], MINCR [30] and GAS5 [31]. Nonetheless, 
the precise mechanism requires further study.

The role of Linc00152 in cellular proliferation 
was also investigated in our study. We identi-
fied the function of Linc00152 in RCC cells by 
employing gain-of-function and loss-of-function 
approaches: overexpression of Linc00152 in 
lower-expressing A498 and ACHN cells could 
notably promote proliferation and migration 
and also inhibit G1 phase arrest and apoptosis, 
whereas inhibition of Linc00152 produced the 
opposite results. Thus, Linc00152 has an on- 
cogenic function in ccRCC and represents a 
potential target for RCC treatment.

However, it is worth noting some unavoidable 
limitations in this study. First, whether the pro-
motion of Linc00152 on the migration and 



Long non-coding RNA linc00152 in ccRCC

298 Am J Cancer Res 2016;6(2):285-299

invasion of ccRCC cells was machaniclly based 
on it induce the epithelial-mesenchymal transi-
tion (EMT) or other intracellular course is re- 
mains unknown. Second, although we demon-
strated that Linc00152 is overexpressed in 
ccRCC, the mechanisms underlying this dys-
regulation deserve further investigation.

Conclusions

In summary, although our understanding of 
RCC pathogenesis has improved via the identi-
fication of activating mutations in and the 
amplification of oncogenes [32, 33], such as 
the VHL gene mutation [34], the mechanism of 
RCC progression, including the role of cell pro-
liferation, apoptosis resistance, invasion, me- 
tastasis, and angiogenesis, has not been fully 
elucidated. Our study provides key evidence to 
support the hypothesis that overexpression of 
the oncogenic lncRNA, in addition to deregula-
tion of protein-coding genes, is clinically and 
functionally relevant in the progression of 
human RCC. Cumulatively, these findings indi-
cate that Linc00152 is a novel oncogene in 
ccRCC. Exploration of the precise role of Li- 
nc00152 in the pathogenesis of RCC will in- 
crease our understanding of the biological 
basis of cancer progression and may lead to 
the development of a novel diagnostic marker 
and therapeutic strategy for ccRCC.
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