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Abstract. increasing evidence has indicated that long 
noncoding rnas (lncrnas) are involved in the tumorigen-
esis and progression of various types of cancer. The lncrna 
deleted in lymphocytic leukemia 1 (dleu1) has been reported 
to be dysregulated in cancer cells and thus associated with 
tumor development; however, the role of dleu1 in renal 
cell carcinoma (rcc) remains unclear. in the present study, 
dleu1 was knocked down using small interfering rna in 
the rcc cell lines KeTr3 and 786-o to determine the role of 
dleu1. cell counting Kit-8, colony formation, Transwell and 
flow cytometry assays were performed to assess the effects of 
dleu1 on cell proliferation, migration, invasion and apoptosis 
in KeTr3 and 786-o cells. The protein expression levels of 
factors associated with apoptosis and epithelial-mesenchymal 
transition (eMT) were examined by western blot. The results 
demonstrated that silencing dleu1 decreased the growth 
capacity, migration and invasion of KeTr3 and 786-o cells. 
additionally, loss of dleu1 was observed to stimulate the 
mitochondrial pathway of cell apoptosis via regulation of 

the expression of Bcl-2/Bax, cleaved caspase-3 and cleaved 
caspase-9 in KeTr3 and 786-o cells. Furthermore, dleu1 
knockdown significantly inhibited the protein kinase B (Akt) 
pathway by downregulating the expression of phosphory-
lated-akt, cyclin  d1 and P70S6 kinase. in addition, depletion 
of dleu1 was observed to impair the process of eMT in rcc 
cells via the upregulation of e-cadherin, and downregulation 
of n-cadherin and vimentin. collectively, these results indi-
cated a pro-oncogenic role of dleu1 in the progression and 
development of rcc via modulation of the akt pathway and 
eMT phenotype.

Introduction

renal cell carcinoma (rcc), a urinary tract malignancy 
originating from the renal epithelium, is among the 10 most 
common types of cancer globally, accounting for ~100,000 
deaths annually (1,2). Partial nephrectomy is generally used 
as an effective treatment for patients with early-stage rcc; 
however, ~1/3 of patients have already progressed to distant 
metastases at the time of initial diagnosis, resulting in a poor 
prognosis (3). The 5-year survival rate is only 10%, and the 
average survival time is <1 year (3-6). There are limited 
options for the treatment of patients with advanced or meta-
static disease; therefore, it is necessary to identify novel and 
reliable biomarkers to target for the development of novel 
therapeutic strategies for rcc.

long noncoding rnas (lncrnas), a group of noncoding 
rnas >200 nucleotides in length, are involved in the regu-
lation of gene expression in addition to diverse biological 
processes, including cell growth, migration, invasion and 
apoptosis (7-9). increasing evidence has indicated that 
lncrnas exert important functions in numerous diseases, 
including tumorigenesis and tumor progression via epigenetic, 
transcriptional and post-transcriptional approaches (10-12). 
For example, lnc-aTB has been reported to regulate the devel-
opment of tumors (13-15). lei et al (16) revealed that lnc-aTB 
is upregulated in gastric cancer and acts as a pro-oncogene in 
gastric cancer tumorigenesis via the regulation of a microrna 
(mirna/mir)-141-3p/transforming growth factor β2 feedback 
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loop. lnc-aTB has also been reported to be involved in the 
growth and invasion of rcc cells (14). additionally, there 
are numerous lncrnas that are associated with the tumori-
genesis and progression of rcc; for example, the lncrna 
HoX transcript antisense rna improves the migratory and 
invasive abilities of rcc cells in vitro by upregulating the 
histone H3K27 demethylase JMJd3 (5). Silencing dlX6 
antisense rna 1 inhibits the growth of rcc cells by regulating 
the mir-26a/PTen axis (17).

The lncrna deleted in lymphocytic leukemia 1 (dleu1) 
is located on chromosome 13q14.3, and is frequently deleted 
in hematopoietic malignancies, including chronic lympho-
cytic leukemia and multiple myeloma (18-20). conversely, 
dleu1 has also been reported to be highly expressed in 
gastric cancer (21), breast cancer (22), epithelial ovarian carci-
noma (23) and endometrial carcinoma (24), and is proposed to 
serve an oncogenic role in tumor progression. at present, to the 
best of our knowledge, no study has investigated the biological 
effects of dleu1 on the progression and development of 
rcc. Therefore, in the present study, the role of dleu1 in the 
tumorigenesis of rcc and the underlying mechanisms were 
investigated. The present findings suggested that knockdown 
of dleu1 suppressed the growth, migration and invasion 
of rcc cells, and induced cell apoptosis. additionally, the 
protein kinase B (akt) pathway and epithelial-mesenchymal 
transition (eMT) were inhibited by knockdown of dleu1. 
collectively, this study indicated a pro-oncogenic role for 
dleu1 in the progression of rcc via modulation of the akt 
pathway and eMT.

Materials and methods

Cell culture and transfection. The human rcc cell lines 
KeTr3 and 786-o were obtained from the cell Bank of 
chinese academy of Sciences and cultured in dMeM 
(Hyclone; Ge Healthcare life Sciences) supplemented 
with 10% FBS (Gibco; Thermo Fisher Scientific, Inc.) and 
antibiotics (penicillin, 100 u/ml; streptomycin, 0.1 mg/ml; 
Sigma‑Aldrich; Merck KGaA) at 37˚C with 5% CO2. in total, 
~6x104 cells were cultured overnight until 60-70% convergence 
and cells were subsequently transfected with 50 nM small 
interfering rna (sirna/si)-dleu1 (oligobio) or scrambled 
sirna [as negative control (nc); oligobio] using lipo6000 
(Beyotime institute of Biotechnology) and cultured for 6-8 h 
at 37˚C. Subsequently, the medium containing the transfection 
reagent was removed and the cells were cultured in dMeM 
for 24-48 h before the next experiments. The sequence of 
sirna-dleu1 was 5'-caa cGG aau Gua uca auG aTT-3', 
the sequence of sirna-control was 5'-TTc Tcc Gaa cGT 
GTc acG T-3'.

Reverse transcription‑quantitative PCR (RT‑qPCR). a total 
of 24 h post-transfection, total rna was isolated from trans-
fected cells using an ultrapure rna kit (coWin Biosciences 
co., ltd.) and reverse transcribed into cdna using a HiFiScript 
cdna Synthesis kit (coWin Biosciences co., ltd.) according 
to the manufacturer's protocol. qPcr was performed with a 
SYBr Premix ex Taq ii kit (Takara Bio, inc.). The thermocy-
cling conditions were as follows: Initial denaturation at 95˚C 
for 30 sec, followed by 40 cycles of 95˚C for 3 sec and 60˚C for 

30 sec. Data were analyzed according to the sample quantifi-
cation cycle (cq) value from three independent experiments. 
The relative gene expression was calculated using the 2‑∆∆Cq 
method (25). Target gene expression was normalized to the 
expression of β-actin. The primer sequences were as follows: 
dleu1, forward 5'-cca Gcc cac aGG caT TTa GT-3', 
reverse, 5'-GTT ccG aGG cTT aaG TGc Ga-3'; and β-actin, 
forward 5'-ccc GaG ccG TGT TTc cT-3' and reverse, 5'-GTc 
cca GTT GGT Gac GaT Gc-3'.

Cell Counting kit‑8 (CCK‑8) assay. a ccK-8 (Beijing Solarbio 
Science & Technology, co., ltd.) assay was conducted to 
assess cell viability. Briefly, cells were seeded in each well of a 
96-well plate at a density of 1x103 cells/well; after transfection 
for 0, 24, 48 and 72 h, cells were treated with ccK-8 reagent 
(10 µl) for an additional 1 h at 37˚C. The optical density value 
of excitation was detected using a microplate reader (BioTek 
instruments, inc.) at a wavelength of 450 nm. The assay was 
conducted three times independently.

Colony forming assay. a total of 24 h post-transfection, cells 
were seeded in a 6-cm dish at a density of 200 cells/well 
and were cultured for ~1 week at 37˚C in an atmosphere 
containing 5% co2 until visible colonies were formed. The 
culture medium was removed, and 5 ml 4% paraformaldehyde 
was added to fix the colonies for 30 min at room temperature 
followed by staining with 0.1% crystal violet for 30 min at 
room temperature. The colonies were counted under a light 
microscope (nikon corporation, inc.) and images were 
captured. The assay was conducted three times independently.

Transwell assay. Transwell chambers with 8‑µm pore filters 
(eMd Millipore) coated with Matrigel (Bd Biosciences) in 
a 24-well plate were used for the cell invasion assay; cham-
bers were not coated with Matrigel for the migration assay. 
a total of 24 h post-transfection, cells were trypsinized and 
resuspended in serum-free culture medium at a concentration 
of 1x106 cells/ml. Subsequently, a 100- or 5-µl cell suspension 
was added to the upper compartment of Transwell chambers 
for the invasion and migration assays, respectively. complete 
medium (600 µl) with 10% FBS was added to the bottom 
chamber to serve as a chemoattractant. After 48 h at 37˚C, 
the residual cells on the upper surface were removed, and the 
cells that had invaded or migrated to the lower surface of the 
filter were fixed with 4% paraformaldehyde for 30 min at room 
temperature, followed by staining with 0.1% crystal violet 
for 20 min at room temperature. images of the invaded and 
migrated cells were captured (magnification, x40) and counted 
under a light microscope. The assay was conducted three 
times independently.

Apoptosis assay. cells transfected with sirna for 24 h were 
resuspended in 1X binding buffer [10 mM HePeS/naoH 
(pH 7.4), 140 mM nacl, 2.5 mM cacl2] at a density of 
1-5x106 cells/ml. Subsequently, the cell suspension (100 µl) 
was stained with 5 µl annexin V-FiTc (Bd Biosciences) in 
the dark for 5 min at room temperature and incubated with 
10 µl propidium iodide (Pi) for 5 min at room temperature. 
The rate of apoptosis was analyzed by flow cytometry 
(Bd FacScanto ii; Bd Biosciences) and calculated using 
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Bd FacSdiva™ software (version 6.0; Bd Biosciences). The 
assay was conducted three times independently.

Western blot analysis. after 48 h of transfection, cells 
were harvested and lysed using riPa lysis buffer (coWin 
Biosciences Co., Ltd.) at 4˚C for protein extraction. A bicin-
choninic assay kit (Beyotime institute of Biotechnology) 
was used to measure the protein concentration according to 
the manufacturer's protocol. Proteins (20 µg/sample) were 
separated via 10% SdS-PaGe and were then transferred onto 
PVdF membranes (eMd Millipore), which were blocked 
with 5% non-fat milk for 1 h at room temperature, followed by 
incubation overnight at 4˚C with primary antibodies (1:1,000). 
after washing with TBS-Tween-20 (20%), the membranes 
were incubated with horseradish peroxidase-conjugated 
secondary antibodies anti-rabbit immunoglobulin G (igG; 
1:3,000; cat. no. Sa00001-2; ProteinTech Group, inc.) or 
anti-mouse igG (1:3,000; cat. no. Sa00001-1; ProteinTech 
Group, inc.) for 1 h at room temperature. an enhanced 
chemiluminescence kit (coWin Biosciences co., ltd.) was 
used for signal development, and the bands were analyzed 
using imageJ software version 1.44 (national institutes of 
Health). The primary antibodies used were as follows: anti- 
Bcl-2 (cat. no. 60178-1-ig; ProteinTech Group, inc.), Bax (cat. 
no. 50599-2-ig; ProteinTech Group, inc.), total caspase-3 (cat. 
no. 66470-2-ig; ProteinTech Group, inc.), cleaved caspase-3 
(cat. no. 25546-1-aP; ProteinTech Group, inc.), total caspase-9 
(cat. no.9502; cell Signaling Technology, inc.), cleaved 
caspase-9 (cat. no. 10380-1-aP; ProteinTech Group, inc.), 
akt (cat. no. 9272; cell Signaling Technology, inc.), phos-
phorylated (p)-akt (cat. no. 66444-1-ig; ProteinTech Group, 
inc.), cyclin  d1 (cat. no. 60186-1-ig; ProteinTech Group, inc.), 
P70S6K (cat. no. 14485-1-aP; ProteinTech Group, inc.) and 
GaPdH (cat. no. cat. no. 60004-1-ig; ProteinTech Group, 
inc.). The assay was conducted three times independently.

Statistical analysis. SPSS 18.0 software (SPSS, inc.) was used 
for statistical analysis. The data from triplicate experiments 
are presented as the means ± standard deviation. The differ-
ence between two groups was compared with Student's t-test. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

DLEU1 knockdown inhibits the viability and proliferation 
of RCC cells. To investigate the functional role of dleu1 in 
the growth of rcc cells, loss-of-function experiments were 
performed in the rcc cell lines KeTr3 and 786-o using 
si-dleu1; scrambled sirna was used as the nc. as presented 
in Fig. 1A and B, the expression levels of DLEU1 were signifi-
cantly downregulated in si-dleu1-transfected cells compared 
with in nc cells (P<0.05). a ccK-8 assay was then performed 
using cells transfected with si-dleu1. notably, the growth 
curves of KETR3 cells demonstrated a significant reduction 
in the viability of si-dleu1-transfected cells compared with 
nc cells (P<0.05; Fig. 1c). additionally, 786-o cells trans-
fected with si‑DLEU1 exhibited a significant suppression of 
cell viability (P<0.05; Fig. 1d). Furthermore, a colony forming 
assay further revealed that DLEU1 knockdown significantly 

decreased the number of KeTr3 and 786-o cell colonies 
compared with in the nc group (P<0.05; Fig. 1e and F), thus 
suggesting that dleu1 knockdown inhibited the clonogenic 
ability of rcc cells.

DLEU1 knockdown inhibits the migratory and invasive 
abilities of RCC cells in vitro. To determine the functional 
role of dleu1 in the progression of rcc, Transwell assays 
were performed to detect the migration and invasion of 
KeTr3 and 786-o cells. as presented in Fig. 2a, si-dleu1 
transfection significantly decreased the ability of KeTr3 
and 786-o cells to migrate into the lower chamber compared 
with nc cells (P<0.05). additionally, compared with the nc, 
si‑DLEU1‑transfected cells exhibited a significant reduction 
in their ability to invade through the Matrigel into the lower 
chamber (P<0.05; Fig. 2B). collectively, these data indicated 
that dleu1 knockdown reduced the migratory and invasive 
abilities of rcc cells in vitro.

DLEU1 knockdown promotes apoptosis of RCC cells in vitro. 
To further assess the effect of dleu1 on the survival of rcc 
cells, cell apoptosis was evaluated using flow cytometry. 
it was demonstrated that dleu1 knockdown significantly 
increased the percentage of apoptotic KeTr3 cells compared 
with in the nc group (P<0.05; Fig. 3a). Similarly, silencing 
dleu1 with sirna significantly promoted apoptosis of 
786-o cells (P<0.05; Fig. 3a). Subsequently, the expression 
of apoptosis-associated proteins was evaluated to further 
investigate the mechanisms underlying the increased apop-
tosis induced by the downregulation of dleu1 in rcc cells. 
From the results of western blot analysis, it was revealed that 
DLEU1 downregulation significantly inhibited the expression 
of Bcl-2, total caspase-3 and total caspase-9, and increased the 
expression of Bax, cleaved caspase-3 and cleaved caspase-9 
in KeTr3 and 786-o cells compared with in the nc group 
(P<0.05; Fig. 3B). Collectively, these findings suggested that 
the increase in apoptosis induced by dleu1 knockdown 
may be dependent on its regulation of the Bcl-2/Bax axis and 
caspase cascade in rcc cells.

DLEU1 knockdown suppresses the Akt pathway and disrupts 
EMT in RCC cells. The phosphatidylinositol-3-kinase 
(Pi3K)/akt signaling pathway is an established pathway 
involved in the occurrence and development of cancer (26). To 
determine whether the akt signaling pathway was involved in 
the function of dleu1, the phosphorylation levels of akt, and 
the expression of downstream proteins cyclin  d1 and P70S6 
kinase (P70S6K) were evaluated via western blot analysis. 
It was observed that silencing DLEU1 significantly reduced 
the phosphorylation levels of akt in KeTr3 and 786-o cells 
compared with the nc (P<0.05), but induced no notable effects 
on the expression of total akt (Fig. 4a). additionally, the 
expression levels of cyclin  d1 and P70S6K, proteins involved 
in the cell cycle, were similarly downregulated in dleu1 
knockdown cells (P<0.05; Fig. 4a).

due to the critical role of eMT in promoting tumor cell 
migration and invasion, the expression of eMT marker proteins 
was further assessed to investigate whether eMT was involved 
in the function of dleu1. it was revealed that si-dleu1-trans-
fected KETR3 cells demonstrated a significant increase in the 
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expression of e-cadherin, an important marker of epithelial 
cells, with similar observations in 786-o cells (P<0.05; Fig. 4B). 
Furthermore, DLEU1 knockdown also induced a significant 

downregulation in the expression of n-cadherin and vimentin, 
which are important mesenchymal markers, in KeTr3 and 
786-o cells (P<0.05; Fig. 4B). collectively, these results suggested 

Figure 1. dleu1 knockdown inhibits the viability and clonogenic ability of rcc cells. si-dleu1 was transfected into the KeTr3 and 786-o rcc cells; 
scrambled sirna was used as the nc. a total of 24 h post-transfection, dleu1 expression in (a) KeTr3 and (B) 786-o cells was determined via reverse 
transcription-quantitative Pcr analysis. Post-transfection, cell viability was determined in (c) KeTr3 and (d) 786-o cells via a cell counting Kit-8 assay. 
The colony formation ability of (e) KeTr3 and (F) 786-o cells was determined using a colony formation assay. data are presented as the means ± standard 
deviation (n=3). results were obtained from three independent experiments. *P<0.05 vs. nc. dleu1, deleted in lymphocytic leukemia 1; nc, negative control; 
od, optical density; rcc, renal cell carcinoma; si/sirna, small interfering rna.

Figure 2. dleu1 knockdown inhibits the migratory and invasive abilities of renal cell carcinoma cells. Post-transfection for 24 h, a Transwell assay was 
employed to determine the effect of si‑DLEU1 on (A) cell migration and (B) invasion in (left) KETR3 and (right) 786‑O cells. Magnification, x100. Data are 
presented as the means ± standard deviation (n=3). results were obtained from three independent experiments. *P<0.05 vs. nc. dleu1, deleted in lymphocytic 
leukemia 1; nc, negative control; si, small interfering rna.
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Figure 3. dleu1 knockdown promotes the apoptosis of renal cell carcinoma cells. (a) Flow cytometric analyses were conducted to determine the effects 
of si-dleu1 on cell apoptosis in (left) KeTr3 and (right) 786-o cells. (B) Post-transfection for 48 h, western blot analysis of apoptosis-associated protein 
expression (Bcl-2, Bax, c-caspase-3 and c-caspase-9) was conducted in (left) KeTr3 and (right) 786-o cells following knockdown of dleu1. data are 
presented as the means ± standard deviation (n=3). results were obtained from three independent experiments. *P<0.05 vs. nc. c-caspase-3, cleaved caspase-3; 
c-caspase-9, cleaved caspase-9; dleu1, deleted in lymphocytic leukemia 1; nc, negative control; Pi, propidium iodide; si, small interfering rna.

Figure 4. dleu1 knockdown inhibits the akt pathway and disrupts eMT in renal cell carcinoma cells. (a) Following transfection for 48 h, western blot 
analysis was conducted to determine alterations in the expression of akt pathway-associated proteins. (B) alterations in the expression of marker proteins 
(e-cadherin, n-cadherin and vimentin) in the eMT process were detected by western blotting. data are presented as the means ± standard deviation 
(n=3). results were obtained from three independent experiments. *P<0.05 vs. nc. akt, protein kinase B; dleu1, deleted in lymphocytic leukemia 1; 
eMT, epithelial-mesenchymal transition; nc, negative control; p, phosphorylated; P70S6K, P70S6 kinase; si/sirna, small interfering rna.
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that dleu1 knockdown interfered with the mesenchymal prop-
erties of rcc cells.

Discussion

increasing evidence has indicated that lncrnas serve 
important roles in modulating a wide variety of fundamental 
biological processes by regulating gene expression, despite 
the fact that lncrnas do not encode proteins (7-9). in view 
of their important regulatory functions, lncrnas have been 
reported to be closely associated with tumorigenesis and 
metastasis (5). For example, the lncrna metastatic renal 
cell carcinoma-associated transcript 1 has been reported to 
function as a prognostic biomarker and therapeutic target 
for clear cell rcc (ccrcc), as it promotes the metastasis 
of ccrcc (6). Therefore, further understanding of the 
association between lncrnas and tumor progression may 
provide novel targets and therapeutic perspectives for 
tumor-targeted therapy (5,27). it has been demonstrated 
that there is recurrent deletion of dleu1 in hematopoietic 
tumors, and that dleu1 acts as a tumor suppressor gene via 
inhibition of the cell cycle and promotion of programmed 
cell death in Burkitt lymphoma (20). recent studies have 
confirmed that DLEU1 is markedly upregulated in certain 
solid tumor tissues and cell lines, and serves as an oncogene 
to promote tumorigenesis in gastric cancer, ovarian carci-
noma and endometrial carcinoma (21,23,24). Therefore, the 
present study aimed to investigate the function of dleu1 
in the progression of rcc. The present study, to the best 
of our knowledge, is the first to demonstrate that silencing 
dleu1 in two rcc cell lines (KeTr3 and 786-o cells) 
inhibited the viability, migration and invasion of rcc cells. 
This promoted the mitochondrial pathway of apoptosis 
by regulating the Bcl-2/Bax axis and caspase cascade, 
suggesting a pro-oncogenic role of dleu1 in the progres-
sion and development of rcc in vitro. This is consistent 
with other findings from ovarian cancer (23).

To provide insight into the relevant mechanisms by 
which dysregulated dleu1 contributes to cell proliferation, 
migration, invasion and apoptosis in rcc cells, potentially 
associated signaling pathways were further investigated. it is 
widely reported that the Pi3K/akt signaling pathway serves 
a pivotal role in the regulation of cellular processes, and 
tumor progression and development, including cell survival, 
apoptosis, cell cycle regulation and invasion (28). additionally, 
the Pi3K/akt signaling pathway is frequently activated in 
cancer, and targeted inhibition of this pathway has become the 
focus for the treatment of various types of cancer, including 
rcc (29,30). Therefore, following silencing of dleu1, altera-
tions in the Pi3K/akt signaling pathway and the expression 
of important downstream proteins were determined, including 
cyclin d1 and P70S6K, which are key regulators in mediating 
the cell cycle and proliferation (31-33). in the present study, 
western blotting revealed a significant decrease in the expres-
sion of p-akt, cyclin d1 and P70S6K following dleu1 
knockdown, which is consistent with results from endometrial 
cancer cells that dleu1 knockdown reduces the expression of 
akt1, mTor and P70S6K (24). Based on these results, the akt 
pathway may be involved in the mechanisms underlying the 
pro-oncogenic role of dleu1 in rcc cells.

eMT is a crucial process that promotes cell invasion and 
enhances the metastatic potential of tumor cells (34). it has 
been demonstrated that decreased expression of e-cadherin, 
and increased expression of n-cadherin and vimentin in 
epithelial cells indicates that the tumors are susceptible to 
a metastatic phenotype (35,36). Therefore, in this study, it 
was further investigated as to whether dleu1 affected the 
eMT process in rcc cells. it was revealed that knockdown 
of dleu1 resulted in increased expression of e-cadherin, a 
classical epithelial cell marker, but reduced the expression 
of n-cadherin and vimentin, suggesting that dleu1 may 
modulate eMT in rcc cells in vitro.

in conclusion, to the best of our knowledge, the present 
study is the first to report that dleu1 may serve as an 
oncogene in the progression and development of rcc via 
modulation of the akt pathway and eMT phenotype in rcc 
cells, thus indicating that dleu1 may serve as a potential 
therapeutic target in rcc. notably, lncrnas usually function 
by binding to mirnas or genes; therefore, the target genes 
of dleu1 that are involved in the growth and survival of 
rcc cells will be investigated in the future, as will the role 
of dleu1 in vivo.
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