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Abstract. – OBJECTIVE: The aim of this study 
was to illustrate the role of long non-coding 
RNA (lncRNA) DLEU1 in regulating the malig-
nant progression of clear cell renal cell carci-
noma (ccRCC) by targeting microRNA-194-5p 
(miRNA-194-5p).  

PATIENTS AND METHODS: DLEU1 expression 
level in ccRCC tissues and para-cancerous tissues 
was determined by quantitative Real Time-Poly-
merase Chain Reaction (qRT-PCR). The correla-
tion between DLEU1 expression and pathological 
indexes of ccRCC patients was assessed. After 
the silence of DLUE1, the proliferative and migra-
tory abilities of ACHN and 786-O cells were evalu-
ated. Furthermore, Dual-Luciferase reporter gene 
assay and rescue experiments were conducted to 
identify the role of DLEU1/miRNA-194-5p in regu-
lating the ccRCC progression in vitro. 

RESULTS: DLEU1 expression was marked-
ly up-regulated in ccRCC tissues when com-
pared with para-cancerous tissues. The rates of 
lymphatic metastasis and distant metastasis in 
ccRCC patients with a high level of DLEU1 were 
significantly higher, whereas the prognosis was 
significantly worse. Transfection of si-DLEU1 re-
markably attenuated proliferative and migratory 
abilities of ACHN and 786-O cells. MiRNA-194-5p 
was identified as the target gene of DLEU1. In 
addition, the knockdown of miRNA-194-5p could 
reverse the regulatory effect of DLEU1 on the 
proliferative and metastatic abilities of ccRCC.

CONCLUSIONS: DLEU1 is closely related to 
lymphatic metastasis, distant metastasis, and 
poor prognosis of ccRCC. It aggravates the pro-
gression of ccRCC by targeting miRNA-194-5p. 
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Introduction

Renal cell carcinoma (RCC) is the third most 
common malignancy in the urinary system, which 
originates from the renal tubular epithelium1-3. Due 
to the widespread application of ultrasound and CT 
examinations, the early diagnostic rate of RCC has 
been remarkably improved. However, the mortality 
of RCC is still on the rise, especially among peo-
ple over 60 years4,5. Pathological subtypes of RCC 
are diverse, mainly including clear cell renal cell 
carcinoma, papillary carcinoma, and chromophobe 
cell carcinoma6,7. Clear cell renal cell carcinoma 
(ccRCC) is the most common histopathological 
subtype, which accounts for about 75% of all renal 
solid tumors8,9. Current studies have found that the 
occurrence, development, and metastasis of ccRCC 
involve a variety of molecular mechanisms. VHL, 
PBRM1, MET, and PTEN are important molecules 
affecting the progression of ccRCC. Therapeutic 
strategies for ccRCC include active monitoring, ra-
dio-frequency ablation, renal radical resection, and 
partial resection either with lymphadenectomy or 
not10. About one-third of RCC patients are accom-
panied by distant metastases. Meanwhile, these 
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patients cannot achieve benefits from conventional 
systemic chemotherapy and/or radiotherapy11. Indi-
vidualized therapy based on VEGF antibody and 
mTOR inhibitor is preferred for ccRCC patients with 
distant metastasis. However, the therapeutic efficacy 
is far from satisfactory for those in advanced stage12.

Increasing evidence has proved that lncRNAs 
regulate multifunction of genetic information 
processing in living cells13. Long non-coding 
RNA (lncRNA) has been confirmed involved in 
the regulation of cellular activities and molecu-
lar pathways. Dysregulation of certain lncRNAs 
may be related to the pathogenesis of malignant 
tumors14. Previous studies15-18 have indicated that 
lncRNAs are involved in the incidence and pro-
gression of ccRCC, which may be utilized as ther-
apeutic targets. For example, lncRNA DLEU1 is a 
functional lncRNA participating in the regulation 
of multiple pathological processes19-21.

LncRNA acts as competitive endogenous RNA 
(ceRNA) by competitively binding to microRNA 
(miRNA) regulatory genes with the same miRNA 
response element (MRE), thus influencing cellu-
lar functions22. The aim of this research was to in-
vestigate the miRNA sponge function of DLEU1 
in regulating ccRCC progression and the possible 
underlying mechanism.

Patients and Methods

Patients and CcRCC Samples
CcRCC tissues and para-cancerous tissues 

were collected from 40 patients undergoing radi-
cal surgery. None of the enrolled ccRCC patients 
received preoperative anti-tumor therapies. Clin-
ical indexes were collected from patients for fur-
ther analyses. Informed consent was obtained 
from patients and their families before the study. 
This investigation was approved by the Ethics 
Committee of University of Chinese Academy of 
Sciences Shenzhen Hospital.

Cell Culture 
Renal tubular epithelial cell line (HK-2) and 

ccRCC cell lines (Caki-1, Caki-2, 769P, ACHN, 
and 786-O) were purchased from the American 
Type Culture Collection (ATCC; Manassas, VA, 
USA). All cells were cultured in Dulbecco’s Mod-
ified Eagle’s Medium (DMEM; Gibco, Rockville, 
MD, USA) containing 10% fetal bovine serum 
(FBS; Gibco, Rockville, MD, USA) and main-
tained in a 37°C, 5% CO2 incubator. Cell passage 
was conducted at 80-90% of confluence.

Cell Transfection
Transfection plasmids were provided by Gene-

Pharma (Shanghai, China). Cells were seeded into 
6-well plates. At 70% of confluence, cell transfec-
tion was performed according to the instructions 
of Lipofectamine 2000 (Invitrogen, Carlsbad, 
CA, USA). 48 h later, transfected cells were har-
vested for verification of transfection efficacy and 
subsequent experiments. 

Cell Counting Kit-8 (CCK-8) Assay
Cells were first seeded into 96-well plates at a 

density of 2×103 cells per well. At day 1, 2, 3, and 
4, absorbance value at 450 nm of each sample was 
recorded using the CCK-8 kit (Dojindo Laborato-
ries, Kumamoto, Japan), respectively. Finally, the 
viability curve was plotted.

Transwell Migration Assay
Cells were first adjusted to a dose of 2.0×105/

mL. 200 μL of cell suspension was added to the 
upper side of the transwell chamber (Millipore, 
Billerica, MA, USA) inserted in 24-well plates. 
Meanwhile, 700 μL of medium containing 10% 
FBS was added to the bottom side. After 48 h of 
incubation, cells migrated to the bottom side were 
fixed with methanol for 15 min and dyed with 
crystal violet for 20 min. The number of migra-
tory cells was counted under a microscope (mag-
nification 10×). 5 fields were randomly selected 
for each sample.

Wound Healing Assay 
Cells were seeded in 24-well plates with 

5.0×105 cells/well. An artificial wound was creat-
ed in the confluent cell monolayer using a 200 μL 
pipette tip. Wound closure images were taken us-
ing an inverted microscope at 0 and 24 h, respec-
tively. Finally, the percentage of wound closure 
was calculated. 

Quantitative Real-Time Polymerase 
Chain Reaction (qRT-PCR)

Total RNA was extracted from cells using 
TRIzol reagent (Invitrogen, Carlsbad, CA, USA) 
and purified by DNase I treatment. Subsequently, 
extracted RNA was reverse transcribed into com-
plementary deoxyribose nucleic acid (cDNA) using 
Primescript RT Reagent (TaKaRa, Otsu, Shiga, Ja-
pan). Then, the obtained cDNA was subjected to 
qRT-PCR using SYBR®Premix Ex Taq™ (TaKaRa, 
Otsu, Shiga, Japan). Glyceraldehyde 3-phosphate 
dehydrogenase (GAPDH) and U6 were used as in-
ternal references for mRNA and miRNA, respec-
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tively. Each sample was performed in triplicate. The 
relative expression level of genes was calculated by 
the 2-ΔΔCt method. Primer 5.0 was used for designing 
qRT-PCR primers. Primer sequences used in this 
study were as follows: DLEU1, F: 5’-CCAGTA-
ACGTTCCATCATTATC-3’, R: 5’-GCTCGCAT-
GAGACAACGTAAGTGA-3’; miRNA-194-5p, 
F: 5’-GCCTGCTACAACCATCGTCGACTG-3’, 
R: 5’-AGGTTGCTTGATGGCCGTCG-3’; U6: F: 
5’-GCTTCGGCAGCACATATACTAAAAT-3’, R: 
5’-CGCTTCAGAATTTGCGTGTCAT-3’; GAP-
DH: F: 5’-CGCTCTCTGCTCCTCCTGTTC-3’, R: 
5’-ATCCGTTGACTCCGACCTTCAC-3’.

Dual-Luciferase Reporter Gene Assay 
ACHN and 786-O cells were co-transfected 

with pmirGLO-DLEU1-WT/pmirGLO-DLEU1-
MUT/pmirGLO and NC/miRNA-194-5p mimic 
using Lipofectamine 2000. 24 h later, co-trans-
fected cells were harvested. Luciferase activity 
was determined using a Dual-Luciferase reporter 
assay system (Promega, Madison, WI, USA).

Statistical Analysis
Statistical Product and Service Solutions 

(SPSS) 22.0 (IBM, Armonk, NY, USA) was used 
for all statistical analyses. Experimental data were 
expressed as mean ± standard deviation. Inter-
group differences were analyzed by t-test. The Ka-
plan-Meier curve was introduced for survival anal-
ysis. Chi-square test was performed to evaluate the 
correlation between DLEU1 level with pathologi-
cal indexes of ccRCC patients. Spearman correla-
tion test was conducted to assess the relationship 
between expressions of DLEU1 and miR-194-5p. 
p<0.05 was considered statistically significant.

Results

Up-regulation of DLEU1 
in CcRCC Tissues and Cell Lines

QRT-PCR results indicated that DLEU1 was 
highly expressed in ccRCC tissues relative to pa-
ra-cancerous tissues (Figures 1A, 1B). Similarly, 

Figure 1. Up-regulation of DLEU1 in ccRCC tissues and cell lines. A, Relative level of DLEU1 in ccRCC tissues and para-can-
cerous tissues. B, Relative level of DLEU1 in 16 paired ccRCC tissues and para-cancerous tissues. C, Relative level of DLEU1 in 
renal tubular epithelial cell line (HK-2) and ccRCC cell lines (Caki-1, Caki-2, 769P, ACHN, and 786-O). D, Kaplan-Meier curve 
was introduced to evaluate the survival of ccRCC patients in low DLEU1 expression group and high DLEU1 expression group. 
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DLEU1 expression was significantly up-regulated 
in ccRCC cells when compared with renal tubular 
epithelial cells (Figure 1C). Based on the median 
expression level of DLEU1, 40 ccRCC patients 
were divided into high DLEU1 expression group 
and low DLEU1 expression group. Kaplan-Meier 
curve revealed that survival rate was markedly 
worse in ccRCC patients in high DLEU1 expres-
sion group (Figure 1D). 

Clinical data were collected from ccRCC pa-
tients for analysis. As shown in Table I, DLEU1 
level was positively correlated with lymphatic 
metastasis and distant metastasis of ccRCC pa-
tients, rather than age, gender, and tumor staging. 
These results indicated that DLEU1 could be a 
hallmark for predicting the malignant progression 
of ccRCC. 

Knockdown of DLEU1 Suppressed 
Proliferative and Migratory 
Abilities of CcRCC

Transfection of si-DLEU1 markedly down-reg-
ulated DLEU1 level in ACHN and 786-O cells 
(Figure 2A). CCK-8 assay showed that the pro-
liferative ability of ACHN and 768-O cells trans-
fected with si-DLEU1 was significantly inhibited 
(Figure 2B). Transwell assay revealed that the 
migratory ability of ccRCC cells transfected with 
si-DLEU1 was remarkably suppressed relative to 
that of control cells (Figure 2C). In addition, a 
decreased percentage of wound closure indicated 
inhibited migratory ability of ccRCC cells after 
silence of DLEU1 (Figure 2D). 

DLEU1 Bound to MiRNA-194-5p
Previous bioinformatics method has predict-

ed the binding relationship between DLUE1 and 
miRNA-194-5p. In this study, the Dual-Luciferase 
reporter gene assay was conducted to verify this 
finding. Luciferase activity in ACHN and 786-O 
cells co-transfected with pmirGLO-DLEU1-WT 
and miRNA-194-5p mimic decreased signifi-
cantly, confirming the binding relationship be-
tween DLEU1 and miRNA-194-5p (Figure 3A) 
Transfection of si-DLEU1 markedly up-regulated 
miRNA-194-5p level in ccRCC cells (Figure 3B). 
Besides, miRNA-194-5p level was significantly 
down-regulated in both ccRCC tissues and cell 
lines (Figures 3C, 3D). A negative correlation 
was identified between the expression levels of 
DLEU1 and miRNA-194-5p (Figure 3E).

DLEU1/MiRNA-194-5p 
Regulatory Axis in CcRCC 

To uncover the involvement of miRNA-194-5p 
in the malignant progression of ccRCC influenced 
by DLEU1, rescue experiments were conducted. 
Transfection efficacy of miRNA-194-5p inhib-
itor in ACHN and 786-O cells was verified by 
qRT-PCR. Down-regulated expression of DLEU1 
in ccRCC cells transfected with si-DLEU1 was 
markedly up-regulated after co-transfection of 
miRNA-194-5p inhibitor (Figure 4A). Transfec-
tion of miRNA-194-5p inhibitor significantly en-
hanced the proliferative and migratory abilities 
of ccRCC cells. Meanwhile, attenuated viabili-
ties of ACHN and 786-O cells transfected with 

Table I. Association of lncRNA DLEU1 expression with clinicopathologic characteristics of renal cell cancer.

Parameters  No. of cases            LncRNA DLEU1 expression p-value*
 features (n=51)
  Low (%) High (%) 

Age (years)     0.800
  <60 15 9 6 
  ≥60 25 16 9 
Gender    0.462
  Male 19 13 6 
  Female 21 12 9 
T stage    0.109
  T1-T2 25 18 7 
  T3-T4 15 7 8 
Lymph node metastasis    0.004
  No 27 21 6 
  Yes 13 4 9 
Distance metastasis    0.014
  No 30 22 8 
  Yes 10 3 7
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si-DLEU1 could be partially reversed by knock-
down of miRNA-194-5p (Figure 4B). Transwell 
and wound healing assays proved that silence of 
miRNA-194-5p could reverse the regulatory ef-
fect of DLEU1 on the migratory ability of ccRCC 
in vitro (Figures 4C, 4D). 

Discussion

RCC is a common malignant tumor of the urinary 
system. The incidence of RCC in urinary malignan-
cies is second only to bladder cancer and prostate 
cancer1-3. In recent years, the mortality of RCC is on 

the rise4-6. LncRNAs have been found extensively in-
volved in the progression of RCC, which are capable 
of determining its malignant level13. The specificity of 
cancer-related lncRNAs indicates its diagnostic and 
prognostic potentials in urological malignancies23.

Human Genome Sequencing uncovers less 
than 3% of protein-coding genes in the whole ge-
nome. More than 80% of genes are transcribed 
into RNAs without protein-coding functions13,14. 
LncRNAs are a type of ncRNAs with over than 
200 nt in length13,15. Compared with proteins, 
lncRNAs are highly tissue-specific16. Through 
regulations of cis-acting, trans-acting and miR-
NA interaction, lncRNAs mediate the synthesis 

Figure 2. Knockdown of DLEU1 suppressed proliferative and migratory abilities of ccRCC cells. A, Transfection efficacy of 
si-DLEU1 in ACHN and 786-O cells. B, Viability of ACHN and 786-O cells transfected with si-NC or si-DLEU1 at day 1, 2, 
3 and 4, respectively. C, Migratory ability of ACHN and 786-O cells transfected with si-NC or si-DLEU1 (magnification 10×). 
D, Wound closure in ACHN and 786-O cells transfected with si-NC or si-DLEU1 (magnification 10×).
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of proteins17,18. Scholars16-18 have demonstrated the 
role of lncRNAs at the chromosomal, transcrip-
tional and post-transcriptional levels. Further-
more, they are widely involved in the occurrence 
and progression of malignancies.

DLEU1 is up-regulated in various cancer tis-
sues, such as liver cancer and gastric cancer. Its 
expression level is closely related to pathological 
features and clinical prognosis of tumor patients. 
This suggests its carcinogenic role in malignant 

Figure 3. DLEU1 bound to miR-194-5p. A, Luciferase activity in ACHN and 786-O cells co-transfected with pmirGLO-
DLEU1-WT/pmirGLO-DLEU1-MUT/pmirGLO and NC/miR-194-5p mimic. B, Relative level of miR-194-5p in ACHN and 
786-O cells transfected with si-NC or si-DLEU1. C, Relative level of miR-194-5p in ccRCC tissues and para-cancerous tissues. 
D, Relative level of miR-194-5p in renal tubu-lar epithelial cell line (HK-2) and ccRCC cell lines (Caki-1, Caki-2, 769P, ACHN, 
and 786-O). E, A negative correlation was observed between expression levels of DLEU1 and miR-194-5p.
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tumors, including ccRCC19-21. In this paper, 40 
paired ccRCC tissues and para-cancerous tissues 
were first collected. QRT-PCR results showed 
DLUE1 was highly expressed in ccRCC tissues 
and ccRCC cell lines. Moreover, DLEU1 level 
was positively correlated with lymphatic metasta-
sis and distant metastasis, suggesting its oncogen-
ic role in ccRCC. In vitro studies demonstrated 
that silence of DLEU1 could attenuate the prolif-
erative and migratory abilities of ccRCC cells.

Recent investigations22 have highlighted the 
well-concerned function of lncRNA as a miRNA 
sponge2. Previous bioinformatics method has pre-
dicted the binding relationship between DLUE1 
and miRNA-194-5p. In this study, the Dual-Lu-
ciferase reporter gene assay verified this finding. 
Our results revealed significantly down-regulated 
miRNA-194-5p in ccRCC. Silence of miRNA-194-
5p enhanced the viability and migratory abilities of 
ACHN and 786-O cells. Notably, silence of miR-

Figure 4. DLEU1/miR-194-5p regulatory axis in ccRCC. ACHN and 786-O cells were transfected with si-NC+miR-NC, si-
NC+miR-194-5p inhibitor, si-DLEU1+miR-NC or si-DLEU1+miR-194-5p inhibi-tor. A, Relative level of DLEU1; B, Viability 
at day 1, 2, 3, and 4, respectively; C, Migratory cell number (magnification 10×); D, Wound closure. 
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NA-194-5p could reverse the regulatory effect of 
DLEU1 on cell proliferation and migration. As a 
result, a regulatory loop DLEU1/miRNA-194-5p 
was identified to aggravate the malignant progres-
sion of ccRCC. 

Conclusions

DLEU1 is closely related to lymphatic metas-
tasis, distant metastasis and poor prognosis of 
ccRCC. Furthermore, it aggravates the progres-
sion of ccRCC by targeting miRNA-194-5p.
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