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Abstract. Kidney cancer is the 14th most common cancer 
in the world and its prognosis remains poor due to difficult 
early detection and treatment. Therefore, the identification 
of biomarkers for early‑stage renal cell carcinoma (RCC) is 
important. MicroRNA‑106b (miR‑106b) has been described 
as an oncogene in several types of human cancer. Previous 
microarray studies have suggested that miR‑106b was 
significantly upregulated in RCC tissues compared with paired 
normal kidney tissues and may be a promising biomarker for 
the prediction of early metastasis following nephrectomy. The 
present study aimed to determine the expression and function 
of miR‑106b in RCC. The expression of miR‑106b in RCC 
tissues and cells, and in paired normal tissues and cells was 
determined by reverse transcription quantitative polymerase 
chain reaction, based on the previous sequencing results of 
miRNAs. Furthermore, a wound scratch assay, MTT assay and 
flow cytometry were performed to examine the functions of 
miR‑106b on cell migration, proliferation and apoptosis. The 
results demonstrated that miR‑106b was upregulated in RCC 
tissues and cell lines compared with control normal tissues 
and cell lines. Downregulation of miR‑106b with a synthe-
sized inhibitor suppressed cell migration and proliferation and 
induced renal cancer cell apoptosis, suggesting that miR‑106b 
can be characterized as an oncogene in RCC. To the best of 
our knowledge, the present study was the first to reveal that 

miR‑106b is upregulated and affects cellular migration, prolif-
eration and apoptosis in RCC. Further studies are required to 
examine the role and target genes of miR‑106b in RCC.

Introduction

Kidney cancer is the 14th most common cancer in the 
world, and its incidence and mortality has plateaued in 
North America and Europe in previous years and continues 
to increase in incidence in developing countries  (1,2). 
The 5‑year survival rate of renal cell carcinoma (RCC) is 
significantly higher for stage I disease than stage III disease, 
underscoring the importance of early detection and treatment 
of RCC. However, early detection and treatment is difficult, 
since RCC is characterized by a lack of early‑warning signs, 
protean clinical manifestations, and resistance to radio-
therapy and chemotherapy (3,4). Therefore, the identification 
of biomarkers for early‑stage RCC is important. However, no 
accurate biomarker for RCC currently exists (5).

Kidney cancer is not a single disease but a number of 
different types of cancer that occur in the kidney, each 
caused by a different gene with a distinct histology and 
clinical course that responds differently to therapy (6). These 
known kidney cancer genes, VHL, MET, FLCN, TSC1, TSC2, 
FH and SDH, are all possibly regulated by microRNAs 
(miRNAs) through translational inhibition and/or mRNA 
degradation (7). There have been an increasing number of 
studies focusing on the role of miRNAs in RCC and their 
clinical and pathogenetic significance (8‑10). Mutations in 
the miRNA processing machinery as well as deregulated 
miRNA expression are observed in a number of different 
human cancer types, including RCC  (8). Dysregulated 
miRNAs identified by array‑based miRNA profiling not 
only discriminate RCC from normal kidney tissue, but also 
distinguish different RCC histological subtypes. Specific 
miRNAs implicated in the pathogenesis of RCC provide a 
possible new target or tool for clear‑cell renal cell carcinoma 
(ccRCC) therapy (9,10).

MicroRNA‑106b functions as an oncogene in renal cell carcinoma 
by affecting cell proliferation, migration and apoptosis
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Previous microarray studies suggested that microRNA‑106b 
(miR‑106b) was significantly upregulated in RCC tissues 
compared with paired normal kidney tissues (11‑14). Slaby et al 
identified a prognostic significance of miR‑106b, which, following 
validation on a larger group of patients, may be useful as a prom-
ising biomarker for the prediction of early metastasis following 
nephrectomy (14). It has been reported that miR‑106b is widely 
upregulated in various types of human malignancy, including head 
and neck (15), ovarian (16), prostate (17), colon (18), gastric (19), 
laryngeal (20) and brain (21) cancer by comprehensive miRNA 
profiling. However, the expression of miR‑106b requires quan-
tification and the function of miR‑106b in RCC cells requires 
elucidation. The aim of present study was to determine the 
upregulation of miR‑106b in RCC tissues and cell lines compared 
with the controls and describe the function of miR‑106b in RCC 
tumorigenesis.

Materials and methods

Clinical specimens, cell culture and RNA isolation. RCC 
tissues and adjacent normal tissues were obtained from the 
Department of Urology, Peking University Shenzhen Hospital 
(Shenzhen, China) and the Anhui Medical University First 
Affiliated Hospital (Anhui, China) between February 2006 
and February 2011, in accordance with Institutional Review 
Board‑approved protocol for human specimen collection and 
for the use of these materials and associated clinical infor-
mation for research purposes. The adjacent normal tissues, 
~5 cm from the edge of the tumor, were confirmed by two 
experienced pathologists. Once dissected, all samples were 
stored at ‑80˚C in RNAlater (Qiagen, Valencia, CA, USA) 
for further research. No treatment was administered prior 
to surgery. All the specimens were evaluated according 
to the 2010 American Joint Committee on Cancer staging 
system (22). The clinicopathological information of all the 
patients is summarized in Table I.

RCC cell lines (786‑O and ACHN) and human embry-
onic kidney 293T (HEK‑293T) cells were obtained from 
the Guangdong and Shenzhen Key Laboratory of Male 
Reproductive Medicine and Genetics (Shenzhen, China). All 
cells were cultured in Dulbecco's modified Eagle's medium 
(DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, 
MA, USA), with 10% fetal bovine serum (Gibco; Thermo 
Fisher Scientific, Inc.), 1% antibiotics [100 U/ml penicillin 
and 100 mg/ml streptomycin sulfates (Gibco; Thermo Fisher 
Scientific, Inc.)] and 1% glutamate (Gibco; Thermo Fisher 
Scientific, Inc.), and then incubated at 37˚C in a humidified 
chamber containing 5% CO2.

Total RNA, including miRNA was extracted from 
35 paired RCC samples and adjacent normal tissue and cells 
using TRIzol® (Invitrogen: Thermo Fisher Scientific, Inc.) 
and purified using the RNeasy® Maxi kit (Qiagen), according 
to the manufacturer's instructions. The RNA samples with 
260/280 ratios of 1.8‑2.0 were used for further experiments.

Reverse transcription quantitative polymerase chain 
reaction (RT‑qPCR). To quantify the expression level of 
miR‑106b in tissues and cells, RT‑qPCR was performed. 
cDNA was obtained from RNA by using the miScript II 
RT kit (Qiagen). cDNA templates were diluted 10 times and 

then used for RT‑qPCR. RT‑qPCR was performed with the 
miScript SYBR® Green PCR kit (Qiagen, Valencia, CA, USA) 
according to the manufacturer's instructions on the Roche 
LightCycler 480 Real‑Time PCR System (Roche Applied 
Science, Indianapolis, IN, USA). The cycling conditions 
were as follows: 95˚C for 15 min; and 40 cycles of 94˚C for 
15 sec, 55˚C for 30 sec and 72˚C for 30 sec. The expression 
levels are shown as fold differences relative to the U6, which 
were calculated using the following formula: Relative quanti-
fication (RQ) = 2‑ΔΔCq [ΔΔCq = (meanCqtumor ‑ meanCqcontrol) ‑  
(meanCqnormal ‑   meanCqcontrol)]. The primer sequences are 
summarized in Table II.

Cell transfection. For upregulation of miR‑106b, the cancer 
cell lines were transfected with synthesized miR‑106b mimics 
(Shanghai GenePharma Co., Ltd., Shanghai, China) using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.), which were mixed in Opti‑MEM® I Reduced Serum 
Medium (Gibco; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's instructions following plating for 24 h. 
The miR‑106b inhibitor (200, 100 and 5 pmol) or a negative 
control (NC) was transfected into RCC cells in 6‑well, 12‑well 
and 96‑well plates, respectively, for 4‑6 h. The sequences of 
the miR‑106b inhibitor and NC are summarized in Table II.

Cell scratch assay. The migratory ability of 786‑O and 
ACHN cells was assessed by wound scratch assay in vitro. 
Approximately 3x105 cells were seeded per 12‑well dish. After 

Table I. Clinicopathological features in renal cell carcinoma 
patients.

Characteristic	 Number of cases

Mean age range (years)	 50 (27‑70)
Gender
  Male	 25
  Female	 10
Histological type
  Clear cell	 26
  Papillary	 9
pT stage
  T1	 20
  T2	 14
  T3+T4	 1
Fuhrman grade
  I	 10
  II	 15
  III	 8
  IV	 2
AJCC clinical stages
  I	 19
  II	 14
  III+IV	 2

pT, primary tumor; AJCC, American joint committee on cancer.
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6 h of transfection, a sterile 200 µl pipette tip was used to 
scrape a clear line through the cell layer. The cells were then 
rinsed with phosphate‑buffered saline (PBS) and cultured in 
serum‑free DMEM. Images of the scratches were acquired, 
using a digital camera system, 0 and 48 h after the scratches 
were made (IX71; Olympus Corporation, Tokyo, Japan). The 
experiments were performed in triplicate and repeated more 
than three times.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
(MTT) assay. The MTT (5 mg/ml) assay (Sigma‑Aldrich, 
St. Louis, MO, USA) was used to analyze cell proliferation. 
786‑O and ACHN cells (5,000 cells/well) were plated into 
96‑well plates with five replicate wells of each condition. Each 
well was assessed at 0, 24, 48 or 72 h post‑transfection. Prior 
to measurement, 20 µl MTT was added to cells and incubated 
at 37˚C in a humidified chamber containing 5% CO2 for 6 h. 
Subsequently, the MTT medium mixtures were discarded 
and 120 µl dimethyl sulfoxide (Sigma‑Aldrich, Shanghai, 
China) was added. Following agitation for 30 min at room 
temperature, the absorbance was measured using a Model 680 
enzyme‑linked immunosorbent assay microplate reader 
(Bio‑Rad, Hercules, CA, USA) at a wave length of 490 nm 
(with 630 nm as the reference wave length).

Cell apoptosis assay. 786‑O or ACHN (3x105) cells were 
plated in 6‑well plates for the cell apoptosis assay. At 48 h 
post‑transfection, the cells, including floating cells, were 
harvested, washed twice with 4˚C PBS and resuspended in 
100 µl 1X binding buffer and stained with 3 µl propidium 
iodide and 5  µl Annexin V‑fluorescein isothiocyanate 
(Invitrogen; Thermo Fisher Scientific, Inc.) for 15 min at 
room temperature. Flow cytometry (EPICS Xl‑4; Beckman 
Coulter, Inc., Brea, CA, USA) was used to quantify the 
percentage of apoptotic cells within 30 min after staining 
and 400 µl 1X binding buffer was added to each sample prior 
to measurement. Each experiment was performed at least 
three times.

Statistical analysis. All data are presented as the 
mean ± standard deviation from three independent experi-
ments. Statistical analysis was performed with the SPSS 19.0 
statistical software package (SPSS, Inc., Chicago, IL, USA). 
Statistical significance was determined using Student's t‑test. 

For the comparison of miR‑106b expression levels in matched 
tumor/normal samples, paired t‑test was used. P<0.05 was 
considered to indicate a statistically significant difference.

Results

miR‑106b is highly expressed in human RCC clinical speci‑
mens and RCC cell lines. RT‑qPCR was used to quantify the 
expression of miR‑106b in 35 paired ccRCC specimens and 
normal specimens. The results demonstrated that miR‑106b 
was significantly upregulated in 23/35 of RCC specimens 
(Fig. 1A), with an average of 2.17‑fold increase in expression 
(P<0.01; Fig. 1B). The high expression of miR‑106b was in 
accordance with the results of previous miRNA profiling in 
RCC (11‑14).

The expression of miR‑106b was also analyzed in RCC cell 
lines (786‑O and ACHN) and HEK‑293T cells by RT‑qPCR. 
miR‑106b expression was significantly higher in 786‑O and 
ACHN cells (P<0.01 and P<0.01) compared with that in 293T 
cells, which is in accordance with the expression pattern of 
miR‑106b in tissues (Fig. 2A). In addition, in order to vali-
date the transfection efficiency of the miR‑106b inhibitor in 
786‑O and ACHN cells, RT‑qPCR was performed. As shown 
in Fig. 2B, the expression of miR‑106b was suppressed by  
84.4 and 67.5% in 786‑O and ACHN cells, respectively.

Suppression of miR‑106b inhibits 786‑O and ACHN cell 
migration. The effects of suppression of miR‑106b expres-
sion on cell migration in RCC cells were assessed by wound 
scratch assay. As shown in Fig. 3A, the wound widths of the 
cells transfected with the miR‑106b inhibitor were wider than 
cells transfected with the NC after 48 h. Statistical analysis 
demonstrated that the migratory distances of the miR‑106b 
inhibitor group were significantly decreased by 44.2 (P<0.01) 
and 21.3% (P<0.01) in 786‑O and ACHN cells, compared with 
the NC group (Fig. 3B). These results suggested that down-
regulation of miR‑106b inhibited the migratory ability of RCC 
cells.

Downregulation of miR‑106b suppresses 786‑O and ACHN 
cell proliferation. The effect of downregulation of miR‑106b 
on cell proliferation in RCC was analyzed by an MTT assay. 
Optical density values of the miR‑106b inhibitor group and NC 
group were measured at 0, 24, 48 and 72 h after transfection. 

Table II. Sequences of primers and miRNAs.

Name	 Sequence

miR‑106b	 Forward: 5'‑TAAAGTGCTGACAGTGCAGAT‑3'
	 Reverse: Universal Primer, miScript SYBR® Green PCR kit
U6	 Forward: 5'‑CTCGCTTCGGCAGCACA‑3'
	 Reverse: 5'‑ACGCTTCACGAATTTGCGT‑3'
miR‑106b inhibitor	 5'‑AUCUGCACUGUCAGCACUUUA‑3'
NC	 5'‑CAGUACUUUUGUGUAGUACAA‑3'

miR, microRNA; NC, negative control. 
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The results revealed that the proliferation of 786‑O cells 
was decreased by 14.37 (P=0.09), 16.70 (P<0.01) and 29.61% 
(P<0.01), and the proliferation of ACHN cells was inhibited 
by 17.74 (P<0.05), 24.86 (P<0.01) and 33.96% (P<0.01) at 
24, 48 and 72 h after transfection of the miR‑106b inhibitor, 
respectively, as compared with the NC group. The results 
suggested that downregulation of miR‑106b significantly 
suppressed the proliferation of renal cancer cells (Fig. 4).

miR‑106b inhibitor induces apoptosis of 786‑O and ACHN 
cells. The effects of the miR‑106b inhibitor on apoptosis were 
determined by flow cytometric analysis. Following transfec-
tion of either the miR‑106b inhibitor or NC for 48 h, 786‑O 
and ACHN cells were harvested, stained and measured. The 
results revealed that the average apoptotic rate of 786‑O cells 
transfected with the miR‑106b inhibitor or NC was 5.03 and 

2.45% (P<0.01), while the average apoptotic rate of ACHN cells 
in the miR‑106b inhibitor or NC group was 13.24 vs. 6.59% 
(P<0.05), suggesting that the miR‑106b inhibitor induced 
apoptosis in RCC cells (Fig. 5).

Discussion

miRNAs are ~22 nt, single‑strand, non‑coding RNAs that 
bind to the 3'‑untranslated region of target genes and regulate 
gene expression by translation inhibition or inducing mRNA 
degradation (9). There are increasing studies on the crucial 
role of miRNAs in cancer initiation, progression, metastasis 
and invasion (7,23). miRNAs are important regulators of all 
hallmarks of cancer, including cell growth and cell cycle 
control, evasion of apoptosis, tissue invasion and metastasis, 
angiogenesis and unlimited replicative potential (7). There are 

Figure 2. (A) Expression of miR‑106b in RCC cell lines (786‑O and ACHN) and the normal kidney human embryonic cell line (293T). (B) Relative expression 
of miR‑106b in 786‑O and ACHN cells transfected with the miR‑106b inhibitor or NC. **P<0.001. miR‑106b, microRNA‑106b, RCC, renal cell carcinoma; 
NC, negative control.

  A   B

Figure 1. Expression of miR‑106b in 35 paired RCC tissues and adjacent normal tissues. (A) Log2 ratios of miR‑106b expression in 35 paired RCC tissues (T) 
to normal kidney tissues (N). (B) Relative expression of miR‑106b in RCC (Tumor) and normal tissues (Normal) **P<0.001. miR‑106b, microRNA‑106b, RCC, 
renal cell carcinoma.

  A   B
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two essential implications of miRNAs: Firstly, the expression 
profile studies of miRNAs have demonstrated that upregulated 
or downregulated miRNAs in RCC, including RCC subtypes 
may serve as biomarkers for diagnostic, prognostic, predictive 
and disease monitoring purposes, and secondly, the function 
and mechanism studies of specific miRNAs could contribute 
to the development of novel therapies (23).

miR‑106b has been reported to be upregulated in tumors 
of numerous organs  (15‑21) by comprehensive miRNA 
profiling. Previous microarray profiles in RCC and adja-
cent normal tissues have demonstrated a high expression 
of miR‑106b  (11‑14). However, the expression pattern of 
miR‑106b in RCC has not been verified by RT‑PCR and 

the tumor‑associated function of miR‑106b remains to be 
elucidated. In the present study, RT‑qPCR was performed 
to validate the upregulation of miR‑106b in RCC tissues 
and cells, as compared with adjacent normal tissues and 
HEK‑293T cells. In addition, the effects of miR‑106b on cell 
migration, proliferation and apoptosis in RCC cells were 
examined by wound scratch assay, MTT assay and flow 
cytometry. The results demonstrated that miR‑106b was 
significantly higher in RCC tissues and cells compared with 
normal tissues and cells, and the reduction of miR‑106b by 
the synthesized miR‑106b inhibitor significantly suppressed 
cell migration, proliferation and evasion of apoptosis. These 
results suggested that miR‑106b may be a biomarker for RCC 

Figure 3. Cell scratch assay. (A) Images of the 786‑O and ACHN cells transfected with the miR‑106b inhibitor or NC 0 and 48 h after the scratches were 
made at the same point. (B) Statistical data of relative cell migration of 786‑O and ACHN cells. **P<0.001. NC, negative control; miR‑106b, microRNA‑106b.

Figure 4. Cell proliferation of (A) 786‑O and (B) ACHN transfected with the miR‑106b inhibitor or NC was measured by MTT assay at 0, 24, 48 and 72 h 
post‑transfection. **P<0.001. miR‑106b, microRNA‑106b; NC, negative control; MTT, 3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide; OD, 
optical density. 

  A   B

  A   B
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diagnosis, disease monitoring and prognosis and could be a 
target for therapeutic purposes.

miRNAs exert their functions on cancer cells mainly 
depending on their target genes. The various molecular 
mechanisms of how miR‑106b affects tumor initiation, 
development, metastasis and invasion have been reported in 
several different types of cancer. In brain cancer, through 
downregulation of p21/WAF1/Cip1, miRNA‑106b was veri-
fied to be important in melanoma growth, and grape seed 
proanthocyanidins acted as an inhibitor of miR‑106b thereby 
inhibiting melanoma growth in vitro and in vivo models (24). 
Another study identified that overexpression of miR‑106b‑5p 
in glioma tumor cells significantly promoted cell prolif-
eration and inhibited cell apoptosis, while knockdown of 
miR‑106b‑5p significantly inhibited cell proliferation and 
enhanced cell apoptosis in vitro and in vivo. Furthermore, the 
authors found that miR‑106b‑5p affected cell proliferation 
by targeting retinoblastoma‑like 1 (RBL1) and RBL2 and 
regulated cell apoptosis by decreasing caspase‑8 (25). The 
miR‑106b‑25 miRNA was also found to be associated with 
prostate cancer progression and disease outcome and may 
do so by altering apoptosis‑ (caspase‑7, apoptosis‑related 
cysteine peptidase) and focal adhesion‑associated path-
ways  (24,26). Epithelial‑mesenchymal transition (EMT) 
describes a transcriptional mechanism that ensures tissue 
remodeling during embryonic morphogenesis and is consid-
ered to be an important step in cancer cell dissemination and 
metastasis (27). By targeting TWIST1, miR‑106b modulates 
EMT in invasive endometrial cancer cell lines (28). In laryn-
geal cancer, miR‑106b was reported to target RUNX3 and 
RB is important in proliferation and invasion of laryngeal 
carcinoma cells  (29,30). Stromal interactions with cancer 
cells in the microenvironment determine whether cancer 
cells remain stable or progress into invasive and metastatic 
tumors (31). miRNA‑106b in cancer‑associated fibroblasts 
from gastric cancer function as an oncogene, promoting cell 

migration and invasion by targeting PTEN (32). One study 
demonstrated that AAAGUGC seed‑containing miRNAs, 
including miR‑106b promote cell expansion, replating 
capacity and signaling in hematopoietic cells by interference 
with quantitative proteomics identified sequestosome 1‑regu-
lated pathways (33). In hepatocellular carcinoma, miR‑106b 
targeted adenomatous polyposis coli (APC) and downregula-
tion of APC caused accumulation of β‑catenin, which is a 
major cellular effector of Wnt signaling (34). miR‑106b was 
necessary for hepatocellular carcinoma cell proliferation, 
anchorage‑independent growth, apoptosis (targeting F2F1) 
and contributed to metastasis and migration by activating 
EMT (35,36).

In clinical application research, miR‑106b in plasma was 
significantly higher in gastric cancer patients compared with 
in the control, suggesting that miR‑106b may be a new tumor 
marker for gastric cancer (37‑39) and laryngeal cancer (20). 
Urinary cell‑free miRNA‑106b has been verified as a novel 
biomarker for the detection of bladder cancer and the level 
of urinary miR‑106b was associated with advanced tumor 
stage (40). Increased tumor miR‑106b expression was also 
reported to be associated with disease recurrence in prostate 
cancer (26), adverse outcomes and a higher risk of systemic 
spread in osteosarcomas (41).

In conclusion, to the best of our knowledge, the present 
study is the first to reveal the relative expression and cellular 
function of miR‑106b in RCC. The results in the present study 
demonstrated that miR‑106b was significantly upregulated in 
RCC tissues and cell lines compared with controls, and inhibi-
tion of miR‑106b suppressed cell migration and proliferation, 
although induced cell apoptosis. In addition, the data suggested 
that miR‑106b may not only be a promising biomarker for 
diagnosis, disease monitoring and prognosis, but may also be 
a therapeutic target for the treatment of RCC. Further studies 
are required to examine the roles and target genes of miR‑106b 
in RCC.

Figure 5. Apoptosis (%) of (A) 786‑O and (B) ACHN cells was measured by flow cytometry. *P<0.05; **P<0.001. miR‑106b, microRNA‑106b; NC, negative 
control; FITC, fluorescein isothiocyanate.

  B

  A
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