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Abstract. MicroRNA (miR)-429 has been frequently reported 
to be downregulated in various tumors, including renal cell 
carcinoma (RCC), nasopharyngeal carcinoma, Ehrlich ascites 
tumor cells, gastric cancer, non-small cell lung cancer and 
endometrial endometrioid carcinoma. The present study 
investigated the effects of miR-429 on human RCC A498 and 
786-O cells. Following transfection of cells with miR-429 
mimics and scrambled control, MTT, cell migration, cell 
invasion and luciferase assays were performed. In addition, 
western blotting was performed in order to assess the expres-
sion of specificity protein 1 (Sp1), which was predicted to be a 
target of miR-429 by TargetScan. The present results revealed 
that miR-429 inhibited cell proliferation, migration and inva-
sion of 786-O and A498 cells. In addition, the present results 
demonstrated that miR-429 overexpression downregulated 
Sp1 protein expression, which provides evidence that miR-429 
may directly target Sp1 in RCC. These results suggest that 
miR-429 may be investigated for use as a predictive marker 
for early detection of tumor metastasis and blocking RCC cells 
from becoming invasive.

Introduction

Renal cell carcinoma (RCC) represents the most common 
malignancy of the adult kidney and comprises 2-3% of all 
malignant tumors in adults (1). In 2014, there were 63,920 novel 
cases of kidney cancer diagnosed in the USA (2). RCC accounts 
for ~90% of all kidney malignancies, with a rising incidence 

over the past decade (3). RCC is an epithelial neoplasm, since 
it originates from the transformation of cells that constitute the 
epithelium of the proximal convoluted tubule (4). RCC includes 
several histological subtypes that possess distinct biological 
behaviors and prognoses. The principal histological subtypes 
are as follows: Clear cell RCC (75-80% of RCC); papillary 
or chromophile RCC (10-15%); and chromophobe RCC 
(4-6%) (4). Although the majority of patients with early-stage 
RCC may be cured surgically, 10-20% of patients present with 
metastasis at the time of diagnosis (5-7). In addition, ~50% 
of RCC patients that have undergone curative surgery may 
be expected to develop a recurrence with distant metastasis, 
and the prognosis of RCC patients with metastatic or recur-
rent disease is poor, with a 5-year survival rate of <20% (8). 
The most common sites of metastatic spread in RCC are lung, 
bone, adrenal gland, liver and brain, and more than one organ 
is often involved (9). Therefore, the molecular mechanisms of 
cancer cell dissemination from the primary tumor are impor-
tant when considering treatment and observational strategies 
for RCC patients. 

MicroRNAs (miRs) are 21-25 nucleotide single-stranded, 
non-coding RNA molecules that exert their functions by 
binding to the 3'-untranslated regions (UTRs) of their 
corresponding mRNA targets, which leads to target mRNA 
cleavage or translational repression (10). It has been widely 
accepted that miRs are important in numerous biological 
processes, including differentiation, proliferation, apoptosis, 
cell cycle, migration and invasion (11). Research has revealed 
that a single miR targets hundreds of mRNAs, and ~50% of 
miR genes are located in cancer-associated chromosomal 
regions (12). In addition, mature miRs regulate the expression 
of ~10-30% of all human genes (13). miRs function as either 
tumor suppressors or oncogenes, depending on the genes that 
they target (14); tumor suppressive miRs are usually downreg-
ulated, while oncogenic miRs are upregulated in cancer (15). 
Recent evidence indicates that the aberrant regulation of miRs 
are important in RCC pathogenesis (16). Therefore, miRs 
are being investigated as potential biomarkers for diagnosis 
and prognosis of human malignancies, due to their tissue and 
disease‑specific expression and regulatory functions (17). 

miR-429 has been frequently reported to be downregu-
lated in various tumors, including RCC (18), nasopharyngeal 
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carcinoma (19), Ehrlich ascites tumor cells (20), gastric 
cancer (21), non-small cell lung cancer (22) and endometrial 
endometrioid carcinoma (23). However, the function of 
miR-429 has yet to be elucidated in RCC. The aim of the 
present study was to investigate the effect of miR-429 on RCC 
and to elucidate its underlying mechanisms.

Materials and methods

Cell culture and transfection. Human RCC 786-O and 
A498 cell lines were purchased from the Shanghai Institute of 
Cell Biology, Chinese Academy of Science (Shanghai, China). 
The cells were cultured in RPMI-1640 medium (Gibco®; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) supple-
mented with 10% heat-inactivated fetal calf serum (FCS; 
Gibco®), 100 U/ml penicillin and 100 mg/l streptomycin. 
Cultures were maintained at 37˚C in a humidified atmosphere 
with 5% CO2.

Mature miR-429 mimics (UAA UAC UGU CUG GUA AAA 
CCG U), scrambled control (NC; UUC UCC GAA CGU GUC 
ACG UTT) and luciferase reporter plasmid were purchased 
from Shanghai GenePharma Co., Ltd. (Shanghai, China). 
Transient transfection of miR-429 mimics and/or plasmid 
were performed using Lipofectamine® 2000 (Invitrogen™; 
Thermo Fisher Scientific, Inc.), according to the manufac-
turer's protocol.

Cell viability assay. A MTT assay was used to estimate 
the proliferation ability of the cells. Cells transfected with 
miR-429 mimics or NC were seeded in 96-well plates at a 
density of 3,000 cells/well for 24, 48, 72, 96, 120 and 144 h. 
Briefly, the cells were incubated with 20 ml MTT (5 mg/ml) 
for 4 h at 37˚C. The plates were agitated and 200 µl dimethyl 
sulfoxide was added to solubilize the crystals for 20 min 
following the removal of the culture supernatant. Absorbance 
was measured at 490 nm using an automatic multi-well 
spectrophotometer (Bio-Rad Laboratories, Inc., Hercules, 
CA, USA). The suppression rate was calculated using the 
following formula: Suppression rate = [1 - optical density 
(ODmiR-429 / ODNC)] x 100. All the experiments were performed 
in triplicate.

Cell migration and invasion assay. Cell migration and inva-
sion assays were evaluated using Transwell chambers (Corning 
Incorporated, Corning, NY, USA). The upper and lower 
culture compartments were separated by polycarbonate filters 
with a 8 mm pore size. Prior to the invasion assays, the filters 
of the Transwell chambers were coated with 30 µg Matrigel 
(BD Biosciences, San Jose, CA, USA) to form a reconstituted 
basement membrane. Transfected cells (miR-429 mimics and 
NC) in the log phase were treated with trypsin/EDTA solution, 
washed once with serum-containing RPMI-1640 medium, 
centrifuged (at 200 x g for 10 min) and re-suspended as 
single-cell solutions. A total of 1x105 cells in 0.2 ml serum-free 
RPMI-1640 medium were seeded into the Transwell chambers. 
The lower chamber contained RPMI -1640 supplemented with 
20% FCS to stimulate invasion. The cells were incubated for 
12 h for the migration assay and 24 h for the invasion assay. 
Non-migrating and -invading cells on the top of the membrane 
were removed by scraping. Cells that migrated to the bottom 

surface of the insert were fixed with 100% methanol, stained 
with 0.5% crystal violet, and subjected to microscopic inspec-
tion (magnification, x200). Values for invasion and migration 
were obtained by counting five fields per membrane, and 
represent the average of three independent experiments.

Western blotting. Western blotting was performed as described 
previously (24). Primary antibodies used in the present study 
were rabbit anti‑human specificity protein 1 (SP1) monoclonal 
antibody (1:1,000 dilution; catalog no. 9389; Cell Signaling 
Technology, Inc., Danvers, MA, USA) and rabbit anti-human 
anti-β-actin monoclonal antibody (1:1,000 dilution; catalog 
no. AP0060; Bioworld Technology, Inc., Louis Park, MN, USA). 
Total protein was extracted using ice-cold radioimmunopre-
cipitation assay buffer (Beyotime Institute of Biotechnology, 
Jiangsu, Haimen, China). Equal amounts of protein were 
subjected to 10% sodium dodecyl sulfate polyacrylamide gel 
electrophoresis and transferred to polyvinylidene difluoride 
membranes (Bio-Rad Laboratories, Inc.). Following blocking 
with 5% non-fat milk in Tris-buffered saline with 0.1% 
Tween 20, the membranes were incubated overnight at 4˚C 
with the appropriate primary antibody. Following washing, the 
blots were incubated with goat anti-rabbit horseradish peroxi-
dase-conjugated secondary antibody (1:2,000 dilution; catalog 
no. 7074; Cell Signaling Technology, Inc.) at room temperature 
for 1 h. The intensity of each blot was read and analyzed with 
AlphaEaseFC™ software (version 4.0.1; Cell Biosciences, 
Palo Alto, CA, USA). β-actin was used as a loading control.

Luciferase assay. Reporter plasmids (pmirGLO-SP1-3'UTR 
wild-type and pmirGLO-SP1-3'UTR mutant) were synthe-
sized and purified by GenePharma. Cells were plated in a 
12‑well plate at ~90% confluence and transfected with reporter 
plasmid, miR-429 mimics or NC using Lipofectamine 2000. 
Each sample was also cotransfected with 0.05 µg pRL‑CMV 
plasmid expressing Renilla Luciferase (Promega Corporation, 
Madison, WI, USA), as an internal control for transfection effi-
ciency. Subsequent to 24 h, luciferase activity was measured 
using the Dual-Luciferase® Reporter Assay System (Promega 
Corporation), according to the manufacturer's protocol. Firefly 
luciferase activities and Renilla luciferase activities were 
measured with a luminometer (Tecan Group, Ltd, Männedorf, 
Switzerland). Each assay was replicated three times.

Statistical analysis. Data are presented as the mean ± stan-
dard deviation, and compared using Student's t-test in Stata 
version 10.0 software (StataCorp LP, College Station, TX, 
USA). Double-tailed P<0.05 was considered to indicate a 
statistically significant difference.

Results

miR‑429 suppresses cell proliferation in RCC cell lines. MTT 
assays were employed to detect the proliferation of 786-O and 
A498 cell lines following transfection with miR-429 or NC. 
As shown in Fig. 1, overexpression of miR-429 in 786-O and 
A498 cells inhibited cell proliferation. Compared with the 
NC-transfected cells, the suppression rate of miR-429 reached 
33.50±2.90% in 786-O cells (P=0.010) and 43.31±4.20% in 
A498 cells (P=0.002) following 144 h of treatment.
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miR‑429 inhibits cell migration and invasion in RCC cell 
lines. To determine whether miR-429 regulates human RCC 
cell migration and invasion, migration and invasion assays 
were performed on miR-429 mimic- and NC-transfected RCC 
786-O and A498 cell lines. As expected, overexpression of 
miR‑429 significantly decreased the migration (P=0.024 for 
786-O cells and P=0.029 for A498 cells) and invasion (P=0.020 
for 786-O cells and P=0.039 for A498 cells) capability of the 
786-O and A498 cells (Fig. 2). These observations indicated 
that miR-429 was a negative regulator of RCC migration and 
invasion.

miR‑429 suppresses the expression of Sp1 in RCC cell lines. 
TargetScan (version 5.2; www.targetscan.org) predicted that 

Sp1 was a direct target gene of miR-429, and revealed that 
Sp1 mRNA contained a miR-429 7-nucleotide seed match at 
position 2490-2496 of the Sp1 3'-UTR (Fig. 3A).

Therefore, the present study performed western blot anal-
ysis to investigate whether Sp1 protein level was decreased 
following overexpression of miR-429. As shown in Fig. 3B, 
Sp1 was significantly decreased in 786-O (P=0.018) and 
A498 cell lines (P=0.012) 72 h subsequent to transfection of 
miR-429 compared with cells transfected with NC. These data 
reveal that Sp1 is a direct functional target of miR-429.

Sp1 is a direct target of miR‑429. To further confirm that 
Sp1 is a direct target for miR-429, a luciferase reporter assay 
was performed in RCC 786-O and A498 cell lines. As shown 

Figure 1. Cell proliferation was analyzed by MTT assay in human RCC 786-O and A498 cell lines. A growth curve is shown for each treatment at 0, 24, 48, 72, 
96, 120 and 144 h following transfection of cells with miR‑429 mimics and NC. The results indicated that upregulation of miR‑429 significantly suppressed 
cell proliferation in RCC cell lines. *P<0.05 vs. NC-transfected cells. miR, microRNA; RCC, renal cell carcinoma; NC, scrambled control.

Figure 2. Inhibition of tumor cell migration and invasion by miR-429 in human renal cell carcinoma 786-O and A498 cell lines. The results indicated that miR-429 
inhibited cell migration and invasion in 786‑O and A498 cells compared with NC‑transfected cells (magnification, x200). *P<0.05 vs. NC. miR, microRNA; NC, 
scrambled control.
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by Fig. 4, transfection of cells with miR-429 mimic signifi-
cantly decreased the Sp1 3'-UTR luciferase reporter activity 
compared with cells transfected with NC. Overexpression of 
miR-429 suppressed Sp1 3'-UTR-luciferase activity by 63% 
in 786-O cells (P=0.020) and 44% in A498 cells (P=0.034). 

In addition, this effect was abolished when the nucleotides 
in the seed binding sites of the Sp1 3'-UTR were mutated 
(Fig. 4). 

The present results suggest that Sp1 is a target gene of 
miR-429.

Figure 3. (A) TargetScan version 5.2 revealed that Sp1 mRNA contained a miR-429 7-nucleotide seed match at position 2490-2496 of the Sp1 3'-UTR. 
(B) Sp1 protein expression was significantly decreased in human renal cell carcinoma 786‑O and A498 cells following transfection with miR‑429 mimic. 
*P<0.05 vs. NC. miR, microRNA; NC, scrambled control; Sp1, specificity protein 1; UTR, untranslated region.

  A

  B

Figure 4. Sp1 may be a direct target of miR-429 in vitro. miR-429 suppressed Sp1 3'-UTR-luciferase activity by 63 and 44% in human renal cell carcinoma 
786-O and A498 cells, respectively, following transfection with miR-429 mimic. This effect was abolished with Sp1 3'-UTR Mut. *P<0.05 vs. NC. miR, 
microRNA; NC, scrambled control; Sp1, specificity protein 1; Mut, mutated; UTR, untranslated region.
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Discussion

miR-429 belongs to a small miR family, which includes 
miR-200c, miR-141, miR-200b and miR-200a (25), and is 
located on chromosome 1. Downregulation of miR-429 may 
be important in tumor progression, and previous studies have 
revealed that miR-429 is frequently downregulated in various 
tumors, including RCC (18), nasopharyngeal carcinoma (19), 
Ehrlich ascites tumor cells (20), gastric cancer (21), non-small 
cell lung cancer (22) and endometrial endometrioid carci-
noma (23). However, miR-429 has been demonstrated to be 
upregulated in bladder cancer, and an increased expression 
was correlated with poor prognosis in serous ovarian carci-
noma patients (26,27). Therefore, miR-429 appears to be 
involved in carcinogenesis and cancer progression, and plays 
various roles depending on the type of cancer.

In gastric cancer, miR-429 inhibits the proliferation, 
migration and invasion of tumor cells. In addition, the 
expression levels of miR-429 in the tissues of gastric cancer 
patients with lymph node metastasis were significantly lower 
compared with patients without lymph node metastasis (28). 
In colorectal cancer, miR‑429 was revealed to be significantly 
downregulated in the majority of tumor tissues investigated, 
particularly tissue from stages II and III, relative to adjacent 
or distant normal mucosa. Survival analysis also indicated 
a low expression of miR‑429 is significantly associated with 
poor prognosis (29). Upregulation of miR-429 suppressed cell 
growth, invasion and the expression of epithelial-mesenchymal 
transition-association marker genes, including E-cadherin, 
catenin (CTNN) A1, CTNNB1, transferring N-terminal 
half-molecule, cluster of differentiation 44, matrix metal-
lopeptidase 2, vimentin, Slug, Snail and zinc finger E‑box 
binding homeobox (ZEB) 2 (18). These results suggest that 
downregulation of miR-429 in tumour cells may play a role in 
the development of cancer by enhancing cell proliferation and 
promoting cell migration and invasion.

Identification of miR‑429 target genes is critical for under-
standing the role of miR-429 in tumorigenesis, and is important 
for defining novel therapeutic targets. Previous studies have 
demonstrated that miR-429 regulates oncogenic expression in 
human cells, including c-myc (28), onecut 2 (18), ZEB1 (30), 
v-crk avian sarcoma virus CT10 oncogene homolog-like (31) 
and B-cell lymphoma 2 (32). Therefore, upregulation of 
miR-429 or providing analogous pharmaceutical compounds 
exogenously may be effective cancer therapy for RCC, leading 
to the regulation of these oncogenic transcripts. The present 
results suggest multiple inhibitory effects of miR-429 in 
human RCC 786-O and A498 cell lines, including cell prolif-
eration and invasion suppression, via the downregulation of the 
expression of Sp1. The present findings suggest that miR‑429 
may be used for the development of novel molecular markers 
and therapeutics for RCC.

Sp1 is an ubiquitously expressed transcription factor, and 
was the first transcription factor to be cloned from mamma-
lian cells in 1983 (33). It maps to 12q13.1 and encodes a 
protein of 785 amino acids (34). Sp1 recognizes GC-rich 
regions and binds to DNA through three C2H2-type zinc 
fingers in the C‑terminal domain (35,36). Each zinc finger of 
Sp1 recognizes three bases in one strand and a single base in 
the complementary strand, constituting a consensus binding 

sequence of 5'-(G/T) GGG CGG (G/A) (G/A) (C/T)-3' (37). 
Originally, Sp1 was considered to be a general transcription 
factor required for transcription of a large number of ‘house-
keeping genes’ (38). However, recently a study has indicated 
that many of these housekeeping genes are crucial in tumori-
genesis and cancer progression (39). Consequently, Sp1 has 
been demonstrated to be important in tumor progression, 
including cell proliferation, angiogenesis, differentiation, 
apoptosis, migration and invasion, revealing it as an ideal 
target for cancer treatment (40).

Sp1 has been identified to be upregulated in various 
types of human cancer, including breast carcinoma (41), 
thyroid cancer (42), hepatocellular carcinoma (43), pancreatic 
cancer (44), colorectal cancer (45), gastric cancer (46) and lung 
cancer (47). Sp1 expression is tightly regulated throughout the 
various stages of tumorigenesis, which affects cancer progres-
sion (48). Previous studies concerning Sp1 expression in 
tumorigenesis suggest that increased transcription is the most 
important mechanism for Sp1 accumulation during cancer 
formation (49,50). Sp1 contributes to cancer progression and is 
regulated by many miRs. In non-small cell lung cancer cells, 
miR-335 and miR-27b suppressed the proliferation, invasion 
and induced apoptosis in cells by targeting Sp1 (51,52). In 
prostate cancer, Mao et al (53) demonstrated that miR-330 
suppressed cell motility by targeting Sp1. In squamous cervical 
cancer, Wang et al (54) revealed that miR-375 inhibited cell 
migration and invasion by targeting Sp1. The present study 
revealed that miR-429 suppressed RCC cell viability, migra-
tion and invasion via the downregulation of Sp1. Therefore, 
Sp1 may be investigated as a predictive marker for the early 
detection of tumor recurrence, and be used in therapeutics to 
block RCC cells from becoming invasive.

In summary, the present study is, to the best of our knowl-
edge, the first study to demonstrate that miR‑429 contributes to 
cell viability, migration and invasion in RCC. The identification 
of candidate target genes of miR-429, such as Sp1, may provide 
an understanding of the potential carcinogenic mechanisms in 
RCC. These findings have therapeutic implications and may be 
used for novel treatment strategies for RCC.
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