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Abstract. Renal cell carcinoma (RCC) is insensitive to 
conventional chemotherapy and radiotherapy, and its prog-
nosis remains poor. Targeted therapy is a novel technique for 
the treatment of RCC. The present study aimed to determine 
the precise effects of microRNA-183 (miR‑183) on RCC. 
Reverse transcription‑quantitative polymerase chain reaction 
analysis was conducted in order to analyze the expression 
level of miR‑183 in RCC cell lines. Cell transfection, viability 
assays and invasion assays were also performed, followed 
by western blot analysis and a luciferase reporter assay, in 
order to examine the effects of miR‑183. The expression of 
miR‑183 was upregulated in all four RCC cell lines compared 
with the immortalized normal proximal tubule epithelial 
HK‑2 cell line. The cell viability and invasion assays demon-
strated that decreased expression of miR‑183 suppressed 
RCC cell proliferation and invasion in vitro. Furthermore, 
the present study identified that Dickkopf‑related protein-3 
(DKK‑3) was a direct target of miR‑183 in RCC. The results 
demonstrated that miR‑183 functioned as an oncogene by 
downregulating DKK‑3 expression and that it provided a 
potential diagnostic, prognostic and therapeutic target for 
RCC.

Introduction

Renal cell carcinoma (RCC) accounts for ~85% of all kidney 
tumors, and is one of the most common types of cancer of the 
urinary system (1,2). RCC has several subtypes, including clear 
cell RCC (ccRCC), papillary RCC, and chromophobe RCC. 
ccRCC, which is associated with a high risk of metastasis, is 
the most common subtype of RCC, accounting for 75‑80% 

of all RCC cases (3). RCC is not sensitive to conventional 
chemotherapy and radiotherapy, and its prognosis remains 
poor (4‑6). Targeted therapy is a novel method for the treat-
ment of RCC (7). However, the detailed molecular mechanism 
of RCC progression remains poorly understood; therefore, the 
identification of novel therapeutic targets has an important 
significance.

MicroRNAs (miRNAs) are a type of endogenous 
non‑coding RNA, which are able to effectively regulate the 
expression of target genes by binding to the 3'‑untranslated 
region (3'‑UTR) or by hybridizing in the coding sequence. 
They serve important roles in the majority of biological 
processes, including cell development, proliferation, differen-
tiation and apoptosis (8‑10). An increasing volume of evidence 
has demonstrated that the abnormal expression of miRNAs is 
a common feature of cancer, and that they serve an important 
role in the occurrence and development of tumors (11). The 
miRNA‑183 (miR‑183) cluster is located on chromosome 7q32, 
and consists of miR‑96, miR‑182 and miR‑183 (12). Previous 
studies have revealed that miR‑183 may function as an onco-
gene in the majority of cancer types, including, pancreatic, 
lung, gastric, breast and colorectal cancer (CRC)  (13‑17). 
However, it may also function as a tumor suppressor in certain 
types of cancer, including cervical cancer (18). Therefore, the 
role of miR‑183 may depend on the type of cancer it is identi-
fied in.

The clinical significance of miR‑183 has previously been 
investigated in RCC. For example, Zhang et al (19) identified 
that the serum expression level of miR‑183 was significantly 
higher in patients with RCC than that in healthy volunteers. 
Furthermore, its expression level was significantly associated 
with sensitivity to natural killer cell therapy (19). In order to 
further investigate the role of miR‑183 in the occurrence and 
development of RCC, TargetScan analysis was conducted to 
predict the target gene of miR‑183, and results demonstrated 
that Dickkopf‑related protein-3 (DKK‑3) was a target gene of 
miR‑183. Previously, Ueno et al (20) previously identified that 
miR‑183 was an oncogene targeting DKK‑3 in prostate cancer; 
however, whether there is an association between miR‑183 
and DKK‑3 in RCC remains unknown. The present study 
focused on the effects of miR‑183 on RCC cells in addition to 
the identification of its direct target gene, DKK‑3, in order to 
illuminate the molecular mechanisms of miR‑183 in the initia-
tion and progression of RCC.
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Materials and methods

Cell lines and cell culture. The normal human proximal 
tubule epithelial HK‑2 cell line and four human RCC cell 
lines (ACHN, 786‑O, Caki‑1 and Caki‑2) were obtained 
from the Cell Bank of Type Culture Collection of Chinese 
Academy of Sciences (Shanghai, China). The HK‑2 cells were 
cultured in keratinocyte serum‑free medium (Gibco; Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). The four RCC 
cell lines were cultured in RPMI‑1640 medium (Hyclone; 
GE  Healthcare Life Sciences, Logan, UT, USA), supple-
mented with 10% fetal bovine serum (FBS; Gibco; Thermo 
Fisher Scientific, Inc.). The culture medium was supple-
mented with 50 µg/ml streptomycin and 50 U/ml penicillin. 
The cells were cultured at 37˚C in a humidified atmosphere 
with 5% CO2.

Cell transfection. The ACHN, 786‑O, Caki‑1 and Caki‑2 cells 
were seeded onto 24‑well plates at a density of 5x104 cells 
per well and were incubated at  37˚C overnight prior to 
transfection. The miR‑183 inhibitor and the negative control 
(NC) were purchased from Guangzhou RiboBio Co., Ltd. 
(Guangzhou, China). The primer sequences were as follows: 
miR‑183 inhibitor forward, 5'‑AGU​GAA​UUC​UAC​CAG​
UGC​CAU​A‑3' and reverse, 5'‑UAU​GGC​ACU​GGU​AGA​
AUU​CAC​U‑3'; NC forward, 5'‑CAG​UAC​UUU​UGU​GUA​
GUA​CAA‑3' and reverse, 5'‑UUG​UAC​UAC​ACA​AAA​GUA​
CUG‑3'. Transfection with the miR‑183 inhibitor (50 nM) 
and the respective NC (50  nM) was performed using 
Lipofectamine 2000® (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's instructions. Following 
transfection, the cells were maintained at 37˚C for 48 h for 
additional experiments.

RNA extraction and reverse transcription‑quantitative poly‑
merase chain reaction (RT‑qPCR). The total RNA, containing 
miRNA, was extracted from harvested RCC cells using 
1 ml TRIzol reagent (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's instructions. RNA was 
transcribed to cDNA using an EasyScript First‑Strand cDNA 
Synthesis SuperMix kit (TransGen Biotech, Inc., Slough, 
UK) according to the manufacturer's instructions. qPCR 
was performed using the SYBR-Green PCR kit (Takara 
Bio, Inc., Otsu, Japan) on the ABI 7500 Fast Real‑Time PCR 
system (Applied Biosystems; Thermo Fisher Scientific, Inc.), 
according to the manufacturer's instructions. Reaction condi-
tions included: 95˚C for 10 min, followed by 40 cycles of 95˚C 
for 10 sec, 57˚C for 20 sec, and 72˚C for 15 sec. GAPDH or 
U6 were used as endogenous controls. The relative expres-
sion levels were calculated using the 2‑ΔΔCq method (21). All 
RT‑qPCR experiments were conducted in triplicate. PCR 
amplification was performed using the following primers: 
miR‑183 forward, 5'‑CGC​GGT​ATG​GCA​CTG​GTA​GA‑3' 
and reverse, 5'‑AGT​GCA​GGG​TCC​GAG​GTA​TTC‑3'; DKK‑3 
forward, 5'‑AGG​ACA​CGC​AGC​ACA​AAT​TG‑3' and reverse, 
5'‑CCA​GTC​TGG​TTG​TTG​GTT​ATC​TT‑3'; U6‑forward, 
5'‑AGA​GCC​TGT​GGT​GTC​CG‑3' and reverse, 5'‑CAT​CTT​C 
AA​AGC​ACT​TCC​CT‑3'; GAPDH‑forward, 5'‑CAT​CAC​CAT​
CTT​CCA​GGA​GCG‑3' and reverse, 5'‑TGA​CCT​TGC​CCA​
CAG​CCT​TG‑3'.

MTT cell proliferation assay. The MTT assay was conducted 
to measure the proliferation of RCC cells using MTT kit 
from Sigma‑Aldrich (Merck KGaA, Darmstadt, Germamy), 
according to the manufacturer's instructions. Following 
miR‑183 inhibitor or mimic transfection, RCC 786‑O and 
ACHN cells were seeded onto 96‑well plates (4x103 cells/well) 
and were incubated at 37˚C with 5% CO2. Following incuba-
tion for 24, 48 and 72 h post‑transfection, cell proliferation was 
examined. A total of 20 µl MTT solution was added to each 
well and the cells were subsequently incubated for 4 h prior 
to measurement. Following removal of the medium, 150 µl 
dimethyl sulfoxide (DMSO) was added to each well and the 
plates were agitated at a low speed for 10 min to ensure the 
purple formazan was fully dissolved. The optical densities of 
each well were measured at 490 nm using a microplate reader. 
All experiments were performed in triplicate.

Cell invasion assay. The invasive potential of cancer cells was 
determined using Transwell chambers and Transwell inserts. 
In brief, 1x105 RCC 786‑O and ACHN cells that had been trans-
fected with a miR‑183 inhibitor or mimic were resuspended in 
200 µl RPMI‑1640 medium without serum and were seeded 
into the upper chamber. RPMI‑1640 medium containing 20% 
FBS was added to the lower chamber. Following incubation for 
48 h at 37˚C with 5% CO2, cells that had migrated to the lower 
surface of filters were fixed with 4% paraformaldehyde at 
room temperature for 30 min, and then were stained with 0.5% 
crystal violet at room temperature for 30 min. The number of 
migrating cells was counted using a confocal microscope in 
five fields at a magnification of x200. All experiments were 
performed in triplicate.

miRNA target prediction and luciferase assay. miRNA 
targets were predicted using the TargetScan algorithms 
(http://www.targetscan.org), and DKK‑3 was predicted 
to be a target of miR‑183. Luciferase reporter plas-
mids [PmirGLO‑DKK‑3‑3'UTR wild‑type (WT) and 
PmirGLO‑DKK‑3‑3'UTR mutant (MUT)] were purchased 
from Shanghai GenePharma Co., Ltd. (Shanghai, China). 
Transient transfection of miR‑183 mimics and/or plasmids 
were performed using Lipofectamine®  2000 (Invitrogen; 
Thermo Fisher Scientific, Inc.), according to the manufactur-
er's instructions. 786‑O cells were seeded onto 96‑well plates 
(5x103/well) and were co‑transfected with 100 ng WT or MUT 
reporter with 50 nmol/l miR‑183 or miR‑negative control (NC), 
according to the manufacturer's instructions. After 48 h, the 
luciferase activity was measured using the Dual‑Luciferase 
Reporter Assay system (Promega Corporation, Madison, WI, 
USA). Firefly luciferase activity was normalized to the corre-
sponding Renilla luciferase activity.

Western blot analysis. A total of 48  h after transfection 
with the miR‑183 inhibitor or mimic, the cancer cells were 
collected and washed three times with phosphate‑buffered 
saline. Following the addition of the cell lysis solution, the 
cancer cells were centrifuged at 14,000 x g for 15 min at 4˚C. 
Total protein was extracted from RCC cells using a protein 
extraction kit (Beyotime Institute of Biotechnology, Jiangsu, 
China), according to the manufacturer's instructions. Protein 
concentration was quantified using a Bradford protein assay 
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kit (Bio‑Rad Laboratories, Inc., Hercules, CA, USA). Protein 
(50 µg) was separated using 10% SDS‑PAGE gels, and then 
electrophoretically transferred onto nitrocellulose membranes 
(Bio‑Rad Laboratories, Inc.). The membranes were subse-
quently blocked with 5% skimmed milk for 2  h at room 
temperature, the primary antibodies were added and incubated 
overnight at 4˚C. The primary antibodies used were as follows: 
anti‑DKK‑3 antibody (dilution 1:100; cat. no. 10365‑1‑AP; 
Proteintech Group, Inc., Chicago, IL, USA), and anti‑GADPH 
antibody (dilution 1:1,000 dilution; cat. no. ab9484; both from 
Abcam, Cambridge, UK). Subsequently, a horseradish perox-
idase‑conjugated secondary antibody (dilution 1:5,000; cat. 
no. ab6789; Abcam) was added and incubated for 2 h at room 
temperature. The blots were visualized using an enhanced 
chemiluminescence kit (GE  Healthcare Bio‑Sciences, 
Pittsburgh, PA, USA), and analyzed with Quantity One soft-
ware version 4.6.2 (Bio‑Rad Laboratories, Inc.).

Statistical analysis. All data are presented as mean ± standard 
deviation. Statistically significant differences between two 
groups were determined using the two‑tailed Student's t‑test. 
One‑way analysis of variance (ANOVA) was used for compar-
isons among multiple groups. The Student‑Newman‑Keuls 
test was used as a post hoc test following ANOVA. P<0.05 
was considered to indicate a statistically significant difference. 
All statistical analysis was conducted using the SPSS 18.0 
statistical software package (SPSS Inc., Chicago, IL, USA) 
and GraphPad Prism 6 (GraphPad Software, Inc., La Jolla, 
CA, USA).

Results

Expression of miR‑183 in RCC cell lines. The expression of 
miR‑183 in RCC cell lines was analyzed using RT‑qPCR. 
In comparison to the immortalized normal proximal tubule 
epithelial HK‑2 cell line, miR‑183 expression was significantly 
upregulated in all four RCC lines (Fig. 1; P<0.05).

Validation of cell transfection efficiency. Silencing experi-
ments were performed in two RCC lines (786‑O and ACHN). 
qPCR was performed to determine the transfection efficiency 
of the miR‑183 inhibitor compared with the negative control. 
The expression levels of miR‑183 were significantly lower in 
786‑O cells (P<0.05) and ACHN cells (P<0.05) transfected 
with the miR‑183 inhibitor, compared with expression in 
the respective negative control groups for each of the cell 
lines (Fig. 2).

Downregulation of miR‑183 inhibits 786‑O and ACHN cell 
proliferation. In order to determine whether miR‑183 was 
able to affect RCC cell proliferation, an MTT assay was 
performed. Following transfection with the miR‑183 inhibitor, 
the proliferation of 786‑O cells was decreased by 7.67% (24 h; 
P<0.05), 10.67% (48 h; P<0.05) and 39.67% (72 h; P<0.05) 
compared with the negative control group (Fig. 3A). In the 
ACHN cells, cell proliferation was decreased by 11.33% 
(24 h; P<0.05), 15.00% (48 h; P<0.05) and 26.00% (72 h; 
P<0.05) compared with the negative control group (Fig. 3B). 
These results suggested that downregulation of miR‑183 may 
inhibit RCC cell viability.

Downregulation of miR‑183 inhibits the invasion of 786‑O and 
ACHN cells. In order to investigate the role of miR‑183 on cell 
invasion, an invasion assay was performed. As demonstrated 
in Fig. 4, the number of invasive 786‑O and ACHN cells trans-
fected with the miR‑183 inhibitor was significantly reduced 
compared with that in the control groups (both P<0.05). These 
results indicated that downregulation of miR‑183 may decrease 
the invasion of 786‑O and ACHN cells.

DKK‑3 is a direct target gene of miR‑183. DKK‑3 was predi
cted as a target gene of miR‑183 using TargetScan. The 
3'‑UTR and a mutant 3'‑UTR of DKK‑3 were used to verify 
DKK‑3 as a target gene of miR‑183 (Fig. 5A). The target 
sequences in the WT DKK‑3 3'‑UTR and a MUT sequence 
were cloned into the luciferase reporter. Following co‑trans-
fection of the reporters with a miR‑183 mimic or mimic‑NC 
into 786‑O cells, the luciferase activity was recorded. The 
data demonstrated that miR‑183 induced an evident decrease 
in the firefly luciferase activity when compared with the 
mimic‑NC group in the WT reporter‑transfected cells. 
However, the same effect was not observed in the MUT group 
(Fig. 5B; P<0.05). Additionally, the regulatory effect of the 
miR‑183 inhibitor on DKK‑3 was investigated by RT‑qPCR 
and western blot analysis in 786‑O cells, identifying that the 
miR‑183 inhibitor increased the DKK‑3 mRNA and protein 
levels in 786‑O cells (Fig. 5C and D). Taken together, these 

Figure 1. Expression of miR‑183 in four renal cancer cell lines (786‑O, ACHN, 
Caki‑1 and Caki‑2) and the human proximal tubule epithelial HK‑2 cell line. 
Compared with HK‑2, miR‑183 expression was significantly upregulated in 
all four renal cancer cell lines (*P<0.05 vs. HK‑2, as determined by analysis 
of variance). miR, microRNA.

Figure 2. miR‑183 was downregulated in 786‑O and ACHN cells following 
transfection with a miR‑183 inhibitor (*P<0.05 vs. control, as determined by 
Student's t‑test). miR, microRNA.
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results indicated that miR‑183 directly targets DKK‑3 in 
RCC cells.

Discussion

As RCC is not sensitive to traditional radiotherapy or chemo-
therapy, there is a pressing demand to identify more efficient 
novel treatment strategies, such as targeted therapies. miRNAs 
are able to regulate gene expression by binding to the 3'‑UTR 
of target genes or by hybridizing in the coding sequence (8). 
An increasing volume of evidence has demonstrated that 
miRNAs are abnormally expressed in the majority of cancer 
types. Furthermore, miRNAs may regulate cancer cell prolif-
eration, invasion and migration, suggesting that they serve 
an important role in cancer occurrence and progression (9). 
Therefore, miRNAs have the potential to be used as cancer 
diagnostic and prognostic biomarkers, as well as target points 
for cancer therapeutics (8,11).

Previous investigations revealed that miR‑183 may function 
as an oncogene in various types of cancer, including pancreatic, 
lung, gastric, breast and colorectal cancer (13‑17). However, it 
may also function as a tumor suppressor in certain cancer types, 
including cervical cancer (18). Therefore, the role of miR‑183 
may depend on the type of cancer that it is expressed in. A 
previous study by Huangfu et al (13) identified that miR‑183 
was able to promote CRC occurrence and progression through 
regulating the apoptosis and autophagy of CRC cells by 
targeting the ultraviolet radiation resistance‑associated gene. 
Bi et al (22) also investigated the detailed functional role of 
miR‑183 in CRC and identified that the ATP‑binding cassette 

transporter A1/cholesterol exporter may be one of the down-
stream targets of miR‑183. Zhu et al (15) demonstrated that 
miR‑183 may function as an oncogene in non‑small cell lung 
carcinoma by promoting proliferation, invasion and migration 
through targeting protein tyrosine phosphatase non‑receptor 
type 4. Additionally, a study undertaken by Miao et al (14) 
identified that miR‑183 may have the potential to promote 
pancreatic cancer cell proliferation, invasion and metastasis 
by targeting suppressor of cytokine signaling 6. Li et al (16) 
demonstrated that miR‑183 may have the potential to regulate 
the proliferation, invasion and apoptosis of gastric cancer cells 
by regulating programmed cell death 4 (PDCD4), indicating 
that it may function as an oncogene in gastric cancer. Similarly, 
Cheng et al (17) identified that miR‑183 may function as an 
oncogene in breast cancer by promoting the proliferation and 
invasion of breast cancer cells, and that PDCD4 is a target of 
miR‑183.

In contrast to the aforementioned studies, a study under-
taken by Fan et al (18) demonstrated that the expression level 
of miR‑183 was significantly lower in cervical tissues than in 
adjacent normal cervical tissues. Furthermore, they revealed 
that miR‑183 may function as a tumor suppressor by regulating 
the proliferation, invasion and metastasis of cervical cancer 
cells, and that matrix metallopeptidase‑9 may be one of the 
downstream targets of miR‑183.

The Wnt signaling pathway has been investigated at 
several molecular levels, as its involvement has been impli-
cated in tumorigenesis and disease progression  (23). The 
DKK family functions as a negative regulator of the Wnt 
signaling pathway, and therefore serves a tumor‑suppressive 
function (24). Ueno et al have reported that DKK‑3 expression 
was regulated by histone modifications in the DKK‑3 promoter 
region in RCC cells (25). Furthermore, in our previous study, 
DKK‑3 levels were identified to be lower in the tumor tissues 
compared with the adjacent normal tissues using immunohis-
tochemistry, western blot analysis and qPCR, indicating that 
DKK‑3 may have an associated mechanism in the development 
of RCC (26). TargetScan identified DKK‑3 as a target gene 
of miR‑183, in line with the results of a study undertaken by 
Ueno et al (20), who had previously identified that miR‑183 
was an oncogene targeting DKK‑3 in prostate cancer (20). 

Figure 4. A Transwell assay was performed to determine the invasive 
capacity of the 786‑O and ACHN cells that had been transfected with a 
miR‑183 inhibitor or a negative control (*P<0.05 vs. control, as determined 
by Student's t‑test). miR, microRNA.

Figure 3. Downregulation of miR‑183 inhibits cell proliferation in (A) 786‑O 
and (B) ACHN cell lines (*P<0.05 vs. control at each time-point, as deter-
mined by Student's t‑test). miR, microRNA; OD, optical density.
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However, whether there is an association between miR‑183 
and DKK‑3 in RCC remains to be elucidated.

The clinical significance of miR‑183 has previously 
been investigated in RCC. For example, Zhang  et  al  (19) 
demonstrated that the serum expression level of miR‑183 
was significantly higher in patients with RCC than in healthy 
volunteers. Furthermore, its expression level was significantly 
associated with sensitivity to natural killer cell therapy (19). 
The present study expanded the knowledge presently avail-
able regarding the expression and function of miR‑183 in 
RCC. Firstly, in comparison to the immortalized normal 
proximal tubule epithelial HK‑2 cell line, miR‑183 expression 
was upregulated in all four RCC cell lines (ACHN, 786‑O, 
Caki‑1 and Caki‑2). Furthermore, downregulation of miR‑183 
inhibited RCC cell proliferation and invasion, indicating that 
miR‑183 may function as an oncogene in RCC. Additionally, 
an important molecular link was identified between miR‑183 
and DKK‑3 in the present study through the prediction of 
TargetScan that DKK‑3 was a direct target gene of miR‑183. 
Furthermore, the results of the luciferase activity assay indi-
cated that miR‑183 directly targeted the DKK‑3 3'‑UTR, as 
predicted by bioinformatics analysis. Additionally, the regula-
tory effect of miR‑183 on DKK‑3 was investigated by RT‑qPCR 
and western blotting in 786‑O cells. The data demonstrated 
that downregulation of miR‑183 increased DKK‑3 expression 
at the mRNA and protein levels. These findings revealed that 
miR‑183 may have the potential to regulate DKK‑3 expression 
in vitro, and may have a tumor promoting role in RCC develop-
ment and progression.

In conclusion, the results of the present study demonstrate 
that miR‑183 functions as an oncogene by downregulating 

DKK‑3 expression, providing a potential diagnostic, prog-
nostic and therapeutic target for RCC.
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