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Abstract. The expression and function of long non‑coding 
RNAs (lncRNAs) in clear cell renal cell carcinoma (ccRCC) 
remains unclear. The present study measured the expression 
profiles of three lncRNAs (uc009yby.1, ENST00000514034, 
and ENST00000450687) using reverse transcription-
quantitative polymerase chain reaction, and assessed their 
signatures in distinguishing ccRCC from matched normal 
tissues via analysis of receiver operating characteristic (ROC) 
curves. The expression of uc009yby.1 was inhibited by trans-
fection of renal cells with small interfering RNA, and then 
the cell proliferation was evaluated by using a Cell Counting 
Kit-8. The results showed that the expressions of uc009yby.1 
and ENST00000514034 were markedly increased in ccRCC 
compared with the matched normal tissues (P<0.0001 and 
P=0.0008, respectively), whereas the ENST00000450687 
expression was not significantly altered. ROC curves yielded 
an area under the curve (AUC) value of 0.7000 for uc009yby.1, 
with sensitivity of 54.29% and specificity of 82.86%; and an 
AUC value of 0.6627 for ENST00000514034, with sensi-
tivity of 60.00% and specificity of 67.14%. Furthermore, 
knockdown of uc009yby.1 suppressed renal cell prolifera-
tion (Day 0, P=0.7844; Day 1, P=0.0018; Day 2, P=0.0001; 
Day 3, P<0.000; Day 4, P<0.0001). Taken together, these 
findings suggest that the expression profiles of uc009yby.1 
and ENST00000514034 may serve as novel biomarkers for 
ccRCC detection, and that uc009yby.1 is strongly associated 
with renal cell proliferation.

Introduction

Renal cell carcinoma (RCC) accounts for ~3% of adult 
malignancies (1), resulting in 113,315 mortalities globally in 

2008 (2). Clear cell RCC (ccRCC) is the most prevalent subtype 
of RCC and represents ~70% of all renal tumors  (3). The 
current treatment options for ccRCC comprise chemotherapy, 
radiotherapy and surgery; however, the only curative treatment 
for renal cancer is surgery at the time of early diagnosis (4). 
Metastasis is the major cause of ccRCC‑associated mortalities, 
and around one-third of patients with ccRCC have metastatic 
tumors at diagnosis (5). Thus, it is crucial to identify predictive 
biomarkers for early detection of ccRCC.

Numerous studies have indicated that 70‑90% of the 
human genome transcribes RNA products, but only 2% of 
the total genome encodes protein‑coding genes  (6). Long 
non‑coding RNAs (lncRNAs) are a large class of non‑coding 
RNAs of 200-100,000 nucleotides in length which can interact 
with DNA, RNA and/or proteins to regulate gene expression 
or affect protein activity in human disease, including RCC (7). 
For example, metastasis-associated lung adenocarcinoma 
transcript  1 (MALAT1) interacts with enhancer of zeste 
homolog 2 and microRNA‑205 to suppress the E‑cadherin 
expression in RCC cells, suggesting that MALAT1 may offer 
a novel theranostic marker for RCC (8). An increasing number 
of studies have also demonstrated that certain lncRNAs are 
strongly associated with patient survival and early pathological 
changes in ccRCC (9,10). Recently, a large number of lncRNAs 
that have aberrant expression in ccRCC were screened via 
lncRNA microarray in several studies (11‑13); however, the 
expression of these lncRNAs have not been further confirmed 
and their functions in ccRCC cells have not been explored. 
In the current study, the expression profiles of three lncRNAs 
(uc009yby.1, ENST00000514034, and ENST00000450687) in 
ccRCC tissues were detected, and their efficacy in detecting 
ccRCC was analyzed. Furthermore, the role of uc009yby.1 in 
renal carcinoma cells was investigated.

Materials and methods

Patient samples. In total, 70 patients with ccRCC were included 
in the present study between 2009 and 2014 at Wuhan General 
Hospital (Wuhan, China). All samples were collected from 
patients who had undergone nephrectomy prior to any treat-
ment, and were histologically confirmed (Table I). The study 
protocols were approved by the Ethics Review Board of the 
hospital and all enrolled patients provided written informed 
consent for tissue donation and publication of findings. The 
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follow‑up of patients was performed from the date of surgery 
until the time of mortality or the end of the study period in 
November 2013. Among the 70 patients, the follow‑up of 
5 patients was lost.

Cell culture. The RCC cell lines 786-O and ACHN, and the 
normal human proximal tubule epithelial cell line HK-2 
were purchased from the American Type Culture Collection 
(Manassas, VA, USA). 786‑O and ACHN were cultured in 
HyClone Dulbecco's modified Eagle's medium and minimal 
essential medium (GE Healthcare Life Sciences, Logan, UT, 
USA), respectively, and HK‑2 was cultured in HyClone KSFM 
medium (GE Healthcare Life Sciences), each supplemented 
with 10% fetal bovine serum (Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) and incubated at 37˚C in 5% CO2.

Reverse transcription-quantitative polymerase chain 
reaction (RT‑qPCR). Total RNA was isolated from each 

of the RCC tissues or cell lines using Invitrogen TRIzol 
reagent (Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. The concentration and A260/280 
ratio of total RNAs were measured using a NanoVue Plus 
spectrophotometer (GE Healthcare Life Sciences, Chalfont, 
UK). Complementary DNA was synthesized from 1 µg of 
total RNA using a PrimeScript RT Reagent Kit (Takara 
Biotechnology Co., Ltd., Dalian, China), from which the 
genomic DNA was removed prior to RT assay. SYBR Green 
Real-Time PCR Master Mix kits (Takara Biotechnology 
Co., Ltd.) were used to generate the DNA products in an 
Applied Biosystems  7500 Fluorescent Quantitative PCR 
System (Thermo Fisher Scientific, Inc.). A total of 20 µl of 
the reaction mixtures containing 2 µl of cDNA template were 
subjected to PCR as follows: Incubation at 95˚C for 1 min; 
followed by 40 cycles of 95˚C for 10 sec and 60˚C for 30 sec. 
The lncRNA expressions were normalized from the quanti-
fication cycle (Cq) values of the lncRNAs relative to β‑actin 

Table I. Clinical features of the included patients with clear cell renal cell carcinoma (n=70).

		  uc009yby.1	 ENST00000514034	
		  expression	 expression
	 Cases,	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ -----------------‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ --------------‑‑‑‑‑‑‑-----‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 n	 Low, n	 High, n	 P‑value	 Low, n	 High, n	 P-value

Gender				    0.809			   0.809
  Male	 40	 21	 19		  21	 19	
  Female	 30	 14	 16		  14	 16	
Age, years				    0.811			   0.811
  Median	 56a						    
  ≥55	 36	 19	 17		  17	 19	
  <55	 34	 16	 18		  18	 16	
Tumor diameter, cm				    0.030			   0.472
  ≥4	 38	 14	 24		  17	 21	
  <4	 32	 21	 11		  28	 14	
AJCC stage				    0.025			   0.216
  I/II	 26	 18	   8		  10	 16	
  III/V	 44	 17	 27		  25	 19	

aRange, 35-78 years. P‑values were calculated by two‑sided χ2 test; values in bold indicate statistical significant (P<0.05). AJCC, American 
Joint Committee on Cancer. 
 

Table II. Primer sequences.

Primer	 Sequence	 Product size, bp

uc009yby.1 sense	 5'‑GGAAGGCTGAGGCAAGAGAATCG‑3'	 243
uc009yby.1 antisense	 5'‑GCTGCTGCTGGCTCTGATGAAG‑3'	
ENST00000514034 sense	 5'‑GGACAGTTGGAACACCTCTTCTCAG‑3'	 216
ENST00000514034 antisense	 5'‑GCCAGAGTGAAGTGACGGAGGA‑3'	
ENST00000450687 sense	 5'‑CTGGACTTGCAGCAGATGACTTCA‑3'	 130
ENST00000450687 antisense	 5'‑CTGGAGGGACTGGAGGACTTGTT‑3'	
β‑actin sense	 5'‑GCACTCTTCCAGCCTTCCTTCCT‑3'	 122
β‑actin antisense	 5'‑GACAGCACTGTGTTGGCGTACA‑3'	
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using the 2‑ΔΔCq method (14). The primers sequences use in 
the present study are presented in Table II.

Transfection of small interfering RNA (siRNA). The siRNAs 
for uc009vby.1 (si‑uc009yby.1) were designed and synthe-
sized by Shanghai GenePharma Co., Ltd. (Shanghai, China). 
The sequences of siRNAs were as follows: siRNA1, TGT​
GGC​ATG​ACC​TGG​GTT​GCA​TCT​GGC​ATG​GCC​C; and 
siRNA2, TAG​CTC​TGC​AGG​TGT​GGA​CCC​CAA​GAC​CAC​
ACA​CAG. Transfection of si‑uc009yby.1 and the negative 
control (provided with the kit) was performed using Lipo-
fectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) 
according to the manufacturer's protocol.

Cell proliferation assay. 786‑O and ACHN cells were seeded 
in 96‑well plates with a density of 104 cells per well after 
the cells had been transfected with si‑uc009yby.1 (100 nM) 
or negative control (100 nM), respectively. After 1, 2, 3, 4 or 
5 days, cell proliferation was analyzed using a Cell Counting 
Kit 8 (Beyotime Institute of Biotechnology, Haimen, China) 
according to the manufacturer's protocol.

Statistical analysis. A Mann‑Whitney test was used to 
compare the differences in lncRNA expression between 

tissues. Differences between groups were analyzed using a 
two‑tailed Student's t‑test. The Youden index was used to 
select the optimal cutoff value. Survival curves were esti-
mated by the Kaplan‑Meier method and assessed by log-rank 
test. P<0.05 was considered to indicate statistically signifi-
cant differences. All statistical analyses were performed 
using SPSS version 17.0 software (SPSS, Inc., Chicago, IL, 
USA).

Results

Expression levels of uc009yby.1, ENST00000514034 and 
ENST00000450687 are frequently increased in ccRCC 
tissues. A lncRNA microarray revealed that a large number 
of lncRNAs had aberrant expression in ccRCC tissues (12). 
Among the top three upregulated lncRNAs, three lncRNAs 
(uc009yby.1, ENST00000514034 and ENST00000450687) 
had not been confirmed on a large scale via RT‑qPCR. 
To evaluate the three lncRNAs expressions in ccRCC, 
their expression in RCC and matched normal tissues from 
70 patients with ccRCC was analyzed. The results showed that 
the expression levels of uc009yby.1 and ENST00000514034 
were markedly increased in RCC tumor tissues compared 
to the matched normal tissues (P<0.0001 and P=0.0008, 

Figure 2. ROC curve analyses of the expression profiles of (A) uc009yby.1 and (B) ENST00000514034 in distinguishing ccRCC from matched normal tissues. 
The interval between the 5th and 95th percentiles denotes the confidence level. ROC, receiver operating characteristic; ccRCC clear cell renal cell carcinoma; 
AUC area under the curve.

Figure 1. Expression profiles of lncRNA uc009yby.1, ENST00000514034 and ENST00000450687. Scatter dot plots show the expression levels of (A) uc009yby.1, 
(B) ENST00000514034 and (C) ENST00000450687 in the tumor tissues and the matched normal tissues of patients with ccRCC (n=70). The lines inside the 
scatter dot plots denote the median values. lncRNA, long non-coding RNA; ccRCC, clear cell renal cell carcinoma.

  A   B   C

  A   B
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respectively) whereas the ENST00000450687 expression was 
not significantly altered (Fig. 1).

Expression profiles of uc009yby.1 and ENST00000514034 
serve as biomarkers for ccRCC detection. To evaluate the 

ability of uc009yby.1 and ENST00000514034 on distin-
guishing ccRCC from normal tissues, receiver operating 
characteristic (ROC) curves were used to analyze the effi-
cacy of expression profiles of the two lncRNAs in detecting 
ccRCCs. ROC curves yielded an area under the curve (AUC) 

Figure 5. Analysis of cell proliferation after renal cells were transfected with siRNAs. (A) siRNA1 (100 nM) and siRNA2 (100 nM) for uc009yby.1 were trans-
fected into 786‑O cells and suppressed cell proliferation compared with NC-transfected cells. siRNA1: Day 0, P=0.7844; day 1, P=0.0018; day 2, P=0.0001; day 3, 
P<0.0001; and day 4, P<0.0001. siRNA2: Day 0, P=0.7592; day 1, P=0.0015; day 2, P<0.0001; day 3, P<0.0001; day 4, P<0.0001. (B) ACHN cells transfected with 
siRNA1 (100 nM) and siRNA2 (100 nM) for uc009yby.1 revealed attenuated cell proliferation. siRNA1: Day 0, P=0.7289; day 1, P=0.0157; day 2, P=0.0026; day 3, 
P<0.0001; day 4, P<0.0001. siRNA2: Day 0, P=0.7926; day 1, P=0.0031; day 2, P<0.0005; day 3, P<0.0001; day 4, P<0.0001. siRNA, small interfering RNA; OD, 
optical density; NC, negative control. *P<0.05; **P<0.001.

Figure 4. Knockdown of uc009yby.1 by siRNA in renal cells. (A) uc009yby.1 expression was increased in the RCC cell lines 786‑O and ACHN compared with 
the normal renal epithelial cell line HK‑2. (B) siRNA1 (100 nM) or siRNA2 (100 nM) was transfected into 786‑O cells and inhibited uc009yby.1 expression. 
(C) ACHN cells transfected with siRNA1 (100 nM) or siRNA2 (100 nM) showed lower uc009yby.1 expression compared with ACHN cells transfected with 
NC (100 nM). **P<0.01. siRNA, small interfering RNA; NC, negative control.

Figure 3. Patient survival analyses. ccRCC patients with high expression of (A) uc009yby.1 and (B) ENST00000514034 had decreased overall survival times 
compared to patients with low expression of uc009yby.1 and ENST00000514034, respectively.

  A   B

  A   B   C

  A   B
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of 0.7000 (95% CI, 0.6117-0.7883) for uc009yby.1, with sensi-
tivity of 54.29% and specificity of 82.86%; and an AUC of 
0.6627 (95% CI, 0.5721-0.7532) for ENST00000514034, with 
sensitivity of 60.00% and specificity of 67.14% (Fig. 2). These 
results suggested that uc009yby.1 and ENST00000514034 
may be valuable biomarkers for ccRCC detection.

Expression levels of uc009yby.1 and ENST00000514034 
are associated with ccRCC patient survival. The follow‑up 
of 70  patients with ccRCC was performed, from which 
2 patients were lost to follow-up. The expression levels of 
uc009yby.1 and ENST00000514034 were used to conduct 
Kaplan‑Meier analyses of patient survival. The 68 ccRCC 
samples were divided into high (above the median) and low 
(below the median) uc009yby.1 expression groups (n=34 
per group), and high (above the median) and low (below the 
median) ENST00000514034 expression groups (n=34 per 
group), based on the median value of the two lncRNA levels. 
As shown in Fig. 3, patients with high uc009yby.1 expression 
had markedly poorer overall survival times compared to those 
with low uc009yby.1 expression (P=0.0013), and patients 
with high ENST00000514034 expression had significantly 
poorer overall survival times compared to those with low 
ENST00000514034 expression (P=0.0087). These findings 
suggest that uc009yby.1 and ENST00000514034 may be used 
to predict ccRCC patient survival.

uc009yby.1 expression is repressed by siRNA in 786‑O and 
ACHN cells. As uc009yby.1 had a more significant effect 
with regard to ccRCC detection, its function was investigated 
further. First, uc009yby.1 expression was measured in three 
cell lines (HK‑2, 786‑O and ACHN). The results revealed that 
the uc009yby.1 expression was significantly higher in 786‑O 
and ACHN cells than in HK‑2 cells (P=0.0004 and P=0.0001, 
respectively) (Fig. 4A). siRNA1 and siRNA2 were synthesized 
and transfected into 786‑O and ACHN cells, respectively. 
Quantification analysis revealed that siRNA1 and siRNA2 each 
significantly knocked down uc009yby.1 expression compared 
with the negative control-transfected cells (P=0.0002 and 
P<0.0001 in 786-O cells, P=0.0004 and P=0.0002 in ACHN 
cells) (Fig. 4B and C).

uc009yby.1 facilitates the proliferation of 786‑O and ACHN 
cells. The effect of uc009yby.1 on cell growth of 786‑O and 
ACHN cells was investigated. Following the transfection of 
786‑O and ACHN cells with negative control and siRNAs, the 
cell proliferation was analyzed. As shown in Fig. 5, siRNA1 
and siRNA2 of uc009yby.1 markedly suppressed the prolif-
eration of 786‑O and ACHN cells, respectively. These results 
suggest that uc009yby.1 plays an important role in ccRCC 
development.

Discussion

The current study demonstrated that the expression levels of 
two lncRNAs (uc009yby.1 and ENST00000514034) were 
frequently elevated in 70 ccRCC tissues relative to 70 matched 
normal tissues. This indicates that the expression profiles of 
the two lncRNAs may serve as novel biomarkers for ccRCC 
detection. Furthermore, the function of uc009yby.1 in renal 

cells was investigated using two siRNAs to inhibit uc009yby.1 
expression, revealing that this lncRNA could enhance renal 
cell proliferation; this suggests that uc009yby.1 may be a novel 
therapeutic target for ccRCC.

Numerous studies have indicated that certain lncRNAs 
have aberrant expression profiles in various kinds of tumors, 
such as gastric (15‑17), colon (18,19), esophageal (20‑22) and 
liver (23) cancers. Yu et al (12) recently reported on a class 
of lncRNAs that are aberrantly expressed in ccRCC cells, 
in which multiple lncRNAs were upregulated. The top five 
upregulated lncRNAs were ENST00000456816, X91348, 
uc009yby.1, ENST00000514034 and ENST00000450687. 
Consistently with this study, the current results confirmed the 
increased expression of uc009yby.1 and ENST00000514034 
in ccRCC tissue samples from patients using RT‑qPCR on a 
large scale; however, the ENST00000514034 expression was 
not significantly changed, suggesting that the results generated 
from the lncRNA microarray were false positive and should be 
further investigated.

Several studies have indicated that lncRNA expression 
profiles may act as biomarkers for diagnosis of ccRCC; 
lncRNA MALAT1, for example, was reported to be associ-
ated with tumor progression and poor prognosis in ccRCC (9), 
and lncRNA CADM1‑AS1 was associated with poor prog-
nosis in patients with ccRCC. Consistent with these findings, 
the current data revealed that the expression profiles of 
uc009yby.1 and ENST00000514034 had high sensitivity and 
specificity in distinguishing ccRCC from normal tissues. 
Furthermore, ccRCC patients with high uc009yby.1 and/
or ENST00000514034 expression had poorer survival 
times. This suggested that the signatures of uc009yby.1 and 
ENST00000514034 may serve as novel biomarkers for the 
prognosis and diagnosis of ccRCC.

Increasing numbers of studies have demonstrated that 
lncRNAs are of crucial function in tumor cells, in which they 
can interact with histones and regulate expression of certain 
genes, such as Xist (24-27). Loss or gain of lncRNAs could 
result in the disorder of cell metabolism. Li et al (21) reported 
that upregulation of lncRNA POU3F3 promoted DNA methyl-
ation and enhanced cell proliferation in esophageal squamous 
cell carcinoma cells; and when POU3F3 expression was 
knocked down by siRNAs, cell proliferation was significantly 
suppressed. Recently, Yao et al (10) demonstrated that lncRNA 
CADM1‑AS1 was significantly decreased in ccRCC, and that 
downregulation of CADM1‑AS1 by siRNAs enhanced cell 
proliferation and migration, and inhibited cell apoptosis in 
786‑O cells. In the present study, a novel lncRNA, uc009yby.1, 
was found to be increased in ccRCC, and downregulation 
of uc009yby.1 by siRNAs could repress cell proliferation in 
786‑O and ACHN cells, strongly suggesting that uc009yby.1 
could regulate renal cell proliferation.

Recently, several studies have demonstrated that lncRNAs 
are stably presented in the blood of cancer patients, such as 
lncRNA POU3F3 (28) and lncRNA TapSaki (29). Appearance 
of circulating lncRNA highlights the potential for noninvasive 
biomarkers derived from lncRNA expression profiles for 
prognosis and diagnosis of cancer, as these biomarkers have 
high sensitivity and specificity. However, in the current study, 
plasma and serum samples were not collected from patients 
with ccRCCs to evaluate whether these lncRNA signatures 
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were efficient for diagnosis and prognosis of ccRCC. Whilst 
the present data revealed that uc009yby.1 could modulate the 
proliferation of renal cells, the regulatory mechanism remains 
largely unknown. In future, it will be necessary to expound 
the regulatory mechanism by which uc009yby.1 contributes to 
cell proliferation.

Taken together, the results of the present study indicate 
that the expression of uc009yby.1 and ENST00000514034 
is increased in ccRCC tissues compared to matched normal 
tissues, and these signature may serve as novel biomarkers for 
ccRCC detection. Furthermore, downregulation of uc009yby.1 
is able to suppress renal cell proliferation, suggesting that 
uc009yby.1 may be a novel therapeutic target for ccRCC.
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