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Abstract. MicroRNA‑212 (miR‑212) has been observed to be 
significantly deregulated in various types of human cancer. 
However, the clinical significance of miR‑212 and the associ-
ated molecular signaling pathways involved in the progression 
of renal cell carcinoma (RCC) remain unclear. In the present 
study, miR‑212 expression was significantly downregulated 
in RCC tissues compared with adjacent non‑tumor tissues. 
Clinical association analysis indicated that low expression 
of miR‑212 was prominently associated with large tumor 
size, advanced tumor, nodes, metastasis stage and lymph 
node metastasis. In vitro studies revealed that upregulation of 
miR‑212 inhibited cell proliferation, migration and invasion, 
and induced apoptosis in Caki‑1 cells. Forkhead box protein A1 
(FOXA1) was identified as a direct target of miR‑212 in RCC 
cells via luciferase reporter assays and western blotting. In 
addition, FOXA1 expression was upregulated in RCC tissues 
compared with adjacent noncancerous tissues. An inverse 
correlation between FOXA1 and miR‑212 expression was 
observed in RCC tissues. Notably, FOXA1 overexpression 
partially rescued miR‑212‑mediated inhibition of cell prolif-
eration, migration and invasion in RCC cells. These results 
suggested that miR‑212 suppresses RCC proliferation and 
invasion by modulating FOXA1, suggesting that miR‑212 may 
have potential as a therapeutic target in RCC.

Introduction

Renal cell carcinoma (RCC) is the most common type of 
kidney tumor and the most lethal urologic tumor (1). Despite 
increased early detection of RCC and more frequent surgery, 
the prognosis remains poor for locally advanced and metastatic 
cases of RCC (2,3). Therefore, understanding the underlying 

molecular mechanisms of RCC progression is required, for the 
development of a novel therapy against advanced RCC.

MicroRNAs (miRNAs/miRs) are a class of small, single 
stranded, non‑coding RNA molecules of 19‑25 nucleotides 
that bind to the 3' untranslated regions (UTR) of specific target 
mRNAs, leading to direct mRNA degradation or translational 
repression (4). miRNAs may regulate multiple target genes 
and pathways simultaneously and are involved in regula-
tion of various biological processes, including cell growth, 
migration, invasion apoptosis, metabolism and cellular differ-
entiation  (5,6). Accumulating evidence has suggested that 
miRNAs may function as tumor suppressors or oncogenes in 
various types of cancer by directly targeting tumor suppressor 
genes or oncogenes (7,8). Recent studies demonstrated that a 
number of miRNAs serve a crucial role in modulating RCC 
progression (9‑11).

miR‑212, located at chromosome 17p13.3 (12), has been 
demonstrated to be deregulated in various types of human 
cancer, including pancreatic cancer  (13), lung cancer  (14), 
prostate cancer (15), cervical cancer (16), glioblastoma (17), 
ovarian cancer  (18) and hepatocellular carcinoma  (19). 
However, the clinical significance of miR‑212 and the associ-
ated molecular signaling pathways involved in the progression 
of RCC remain poorly understood. Therefore, the aim of 
the present study was to investigate the role and underlying 
molecular mechanism of miR‑212 in RCC. Results revealed 
that miR‑212 was downregulated in RCC tissues and cell lines, 
and that miR‑212 functioned as a tumor suppressor in RCC 
by suppressing cell proliferation, migration and invasion, and 
inducing cell apoptosis. A direct target, forkhead box protein 
A1 (FOXA1), was confirmed, which mediated the effects of 
miR‑212. These results may aid the development of an effective 
therapeutic strategy for RCC.

Materials and methods

Clinical samples. A total of 48 RCC samples and adjacent 
non‑tumor tissues (ANT; >3 cm from the margin of resec-
tion) were collected from patients including 20 males and 
28 females, who underwent resection of their primary RCC in 
the Department of General Surgery at The Affiliated Hospital 
of Changchun University of Chinese Medicine (Changchun, 
China) between April 2012 and December 2014. Following 
surgical resection, all samples were immediately stored in 
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liquid nitrogen until RNA or protein extraction. The clinico-
pathological data are listed in Table I. No patients received 
chemotherapy or radiotherapy prior to surgery. All samples 
were obtained with informed consent from each patient and 
the study was approved by the Medicine Ethics Committee of 
Changchun University of Chinese Medicine.

Cell lines and transfection. A total of three clear cell RCC 
cell lines (786‑O, ACHN and Caki‑1)  (20,21), a papillary 
RCC cell line Caki‑2 (22) and a human renal proximal tubule 
epithelial cell line (HK‑2) were purchased from the Type 
Culture Collection of the Chinese Academy of Sciences 
(Shanghai, China), and were cultured in Dulbecco's modified 
Eagle medium (DMEM; Gibco; Thermo Fisher Scientific, 
Inc., Waltham, MA, USA) supplemented with 10% fetal calf 
serum (FCS; Invitrogen; Thermo Fisher Scientific, Inc.), 
100 IU/ml penicillin and 100 IU/ml streptomycin at 37˚C in 
an atmosphere containing 5% CO2.

An miR‑212 mimic (5'‑CCG​GCA​CUG​ACC​UCU​GAC​
AAU‑3') and corresponding negative control (Ctrl; 5'‑GUC​CTU​
GCU​CGA​GCG​AGG​UGA‑3') mimic were purchased from 
GeneCopoeia, Inc. (Rockville, MD, USA). Plasmids carrying 
human FOXA1 were purchased from OriGene Technologies, 
Inc. (Rockville, MD, USA; cat. no. SC108256). Cells were 
seeded in a six‑well plate at a density of 1x103 cells/well and 
transfected with miR‑212 (100 nM), miR‑Ctrl (100 nM) or 
FOXA1 overexpression plasmid (100 ng) using Lipofectamine 
2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according 
to the manufacturer's protocol, and transfected cells were 
cultured for 1‑3 days before the cell proliferation, migration, 
invasion and apoptosis assays.

RNA extraction and reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). Total RNA was 
isolated from cultured cells and frozen fresh tissues using 
TRIzol (Invitrogen; Thermo Fisher Scientific, Inc.). To 
quantify miR‑212, cDNA was synthesized using the TaqMan 
miRNA Reverse Transcription kit (Thermo Fisher Scientific, 
Inc.), and quantified using the TaqMan Human MicroRNA 
Assay kit (Thermo Fisher Scientific, Inc.) and the ABI 
7900 Sequence Detection system (Life Technologies; 
Thermo Fisher Scientific, Inc.). Primers for miR‑212 and U6 
(GeneCopoeia, Inc.) were used as follows: miR‑212 forwards, 
5'‑CGCTAACAGTCTCCAGTC‑3' and reverse, 5'‑GTG​CAG​
GGT​CCG​AGG​T‑3'; U6 forwards, 5'‑TGC​GGG​TGC​TCG​
CTT​CGG​CAG​C‑3' and reverse, 5'‑CCA​GTG​CAG​GGT​
CCG​AGG​T‑3'. U6 was used as an internal control. U6 small 
nuclear RNA was used as an internal control. For detection of 
FOXA1, total RNA was reverse transcribed to cDNA using 
the Primer Script RT reagent kit (Takara Biotechnology Co., 
Ltd., Dalian, China), and quantified on the ABI 7900HT Fast 
Real‑Time PCR system using the SYBR Green PCR Master 
mix (Takara Biotechnology Co., Ltd.) using primers specific 
for FOXA1 and GAPDH, as described previously  (23). 
GAPDH was used as an internal control. The following 
PCR conditions were used: Denaturation at 94˚C for 3 min, 
followed by 40 cycles of amplification (denaturation at 94˚C 
for 15 sec, annealing at 60˚C for 30 sec and extension at 
72˚C for 45 sec) The comparative 2‑∆∆Cq method was used for 
relative quantification (24).

Cell proliferation. Transfected cells were seeded in 24‑well 
plates (3,000 cells/well), then cell proliferation was determined 
at different time points (24, 48 and 72 h) by incubating cells 
with 0.5 mg/ml MTT reagent (Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) for 1  h, and dissolved in dimethyl 
sulfoxide (Sigma‑Aldrich; Merck KGaA) for 10 min at room 
temperature. The absorbance of samples was measured using 
a wavelength of 490 nm with a microplate reader (Bio‑Rad 
Laboratories, Inc., Hercules, CA, USA).

Cell migration and invasion assay. The migratory and invasive 
capability of RCC cells was determined using Transwell cham-
bers of diameter 6.5 mm with an 8‑µm membrane (Corning 
Incorporated, Corning, NY, USA). A total of 3x104 transfected 

cells suspended in serum‑free medium were added to the 
upper chamber without Matrigel (for migration) or coated with 
Matrigel (for invasion), and DMEM containing 10% FCS was 
used as an attractant in the lower chamber. After 24 h (for 
migration) or 48 h (for invasion), cells remaining in the upper 
chamber were removed with a sterile swab, whereas migratory 
or invasive cells in the bottom chamber were fixed with 70% 
ethanol for 30 min at room temperature (20‑25˚C) and stained 
with 0.2% crystal violet (Sigma‑Aldrich; Merck KGaA) for 
10 min at room temperature (20‑25˚C). Cell numbers were 
counted in five randomly selected microscopic fields under a 
X71 inverted light microscope (Olympus Corporation, Tokyo, 
Japan) at x200 magnification.

Cell apoptosis assay. Cell apoptosis was determined using 
an Annexin‑V‑FLUOS Staining kit (Roche Applied Science, 
Penzberg, Germany) under a fluorescence activated cell sorting 
Calibur instrument (BD Biosciences, Franklin Lakes, NJ, 
USA), following the manufacturer's protocol. The percentage 
apoptotic cells was calculated using Cell Quest software 
(version 3.4; BD Biosciences).

Luciferase reporter assay. Prediction of miR‑212 targets 
was performed using three publicly available algo-
rithms: TargetScan (www.targetscan.org), miRanda 
(www.microrna.org) and PicTar (www.pictar.org). The 3'‑UTR 
sequence of FOXA1 predicted to bind to miR‑212 or a mutated 
sequence within the predicted target sites was synthesized and 
inserted into the pGL3 control vector (Promega Corporation, 
Madison, WI, USA) at the XbaI and FseI sites, and were 
referred to as wild‑type (Wt) FOXA1‑3'UTR or mutant (Mut) 
FOXA1‑3'UTR, respectively. For the reporter assay, Caki‑1 
cells were seeded into 24‑well plates at density of 2x105 for 
24 h, and then cotransfected with the Wt/Mut FOXA1 3'UTR 
and miR‑212/miR‑Ctrl, and the pRL‑TK plasmid (Promega 
Corporation), which was used for internal normalization, using 
Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol. Following 
48 h transfection, the cells were harvested, and a Renilla 
luciferase activity was determined using the Dual‑Luciferase® 
Reporter assay system (Promega Corporation), following the 
manufacturer's protocol. 

Western blotting. Total protein was extracted from cultured cells 
using a Total Protein Extraction kit (KeyGen Biotech Co., Ltd., 
Nanjing, China) and was quantified using a bicinchoninic acid 



MOLECULAR MEDICINE REPORTS  17:  1361-1367,  2018 1363

protein assay kit (Boster Biological Technology, Pleasanton, 
CA, USA). A total of 30 µg protein/lane was separated using 
SDS‑PAGE on 10% gels (Bio‑Rad Laboratories, Inc.) and 
then transferred onto nitrocellulose membranes (Bio‑Rad 
Laboratories, Inc.). The membrane was blocked with 5% 
non‑fat milk (Sigma‑Aldrich; Merck KGaA) for 2 h at room 
temperature, and then incubated with the following anti-
bodies: Mouse monoclonal anti‑human FOXA1 (1:1,000; cat 
no: sc‑101058; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA) and mouse monoclonal anti‑human GAPDH (1:5,000; 
cat no. sc‑365062; Santa Cruz Biotechnology, Inc.) antibodies 
were incubated overnight at 4˚C. The blots were incubated with 
polyclonal goat anti‑mouse horseradish peroxidase‑conjugated 
immunogloblin G (1:5,000; cat. no.  sc‑2005; Santa Cruz 
Biotechnology, Inc.) for 2 h at room temperature (20‑25˚C) 

and visualized using the enhanced chemiluminescence 
system (Thermo Fisher Scientific, Inc.). GAPDH was used to 
normalize the expression levels of the target protein.

Statistical analysis. Results are expressed as the 
mean ± standard deviation from ≥3 independent experiments. 
Statistical analysis was performed using SPSS software 
(version 17; SPSS, Inc., Chicago, IL, USA) and GraphPad 
Prism version 5.0 software (GraphPad Software, Inc., La Jolla, 
CA, USA). An independent t‑test was used to compare the 
differences between two groups. One‑way analysis of vari-
ance followed by the Bonferroni post‑hoc test was performed 
to compare the differences between three or more groups. 
Correlations between miR‑212 expression and FOXA1 were 
determined by Spearman's rank correlation coefficient. 

Figure 1. miR‑212 expression is downregulated in RCC cell lines and tissues. (A) Relative expression of miR‑212 was measured in four RCC cell lines (786‑O, 
ACHN Caki‑1 and Caki‑2) and the human renal proximal tubule epithelial cell line (HK‑2) by RT‑qPCR. (B) Relative expression of miR‑212 was determined in 
48 pairs of RCC tissues sample and ANT using RT‑qPCR. **P<0.01. ANT, adjacent non‑tumor tissues; RT‑qPCR, reverse transcription‑quantitative polymerase 
chain reaction; miR‑212, microRNA‑212; RCC, renal cell carcinoma.

Table I. Correlation between clinicopathological features and miR‑212 expression in RCC tissues.

	 miR‑212 expression
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 No. of cases	 Low, n (%)	 High, n (%)	 P‑value

Age				    0.714
  <55 years old	 23	 12 (52.2)	 11 (47.8)	
  ≥55 years old	 25	 14 (56.0)	 11 (44.0)	
Gender 				    0.623
  Male	 21	 11 (52.4)	 10 (47.6)	
  Female	 27	 15 (55.6)	 12 (44.4)	
TNM stage				    <0.01
  T1‑T2	 34	 13 (38.2)	 21 (71.8)	
  T3‑T4	 14	 13 (92.9)	 1 (7.1)	
Tumor size				    <0.01
  <5 cm	 31	 12 (38.7)	 19 (61.2)	
  ≥5 cm	 17	 14 (82.4)	 3 (17.6)	
Lymph node metastasis				    <0.01
  No	 35	 13 (37.1)	 24 (62.9)	
  Yes	 13	 13 (100)	   0 (0)	

miR‑212, microRNA‑212; RCC, renal cell carcinoma; TNM, tumor nodes metastasis.

https://www.spandidos-publications.com/10.3892/mmr.2017.7956


TONG et al:  miR-212 INHIBITS RCC PROLIFERATION AND INVASION BY TARGETING FOXA11364

P<0.05 was considered to indicate a statistically significant 
difference.

Results

miR‑212 expression is downregulated in RCC cell lines and 
tissues. To determine the expression status of miR‑212 in 
RCC, the expression levels of miR‑212 in four RCC cell lines 
was analyzed by RT‑qPCR. Reduced expression levels of 
miR‑212 were observed in all four RCC cell lines compared 
with the human renal proximal tubule epithelial cell line 

(P<0.01; Fig. 1A). The expression of miR‑212 in 48 pairs of 
HCC tissues and ANT was then measured. The expression of 
miR‑212 in RCC tissues was significantly decreased compared 
with that in matched ANT (P<0.01; Fig. 1B). All RCC samples 
were divided into miR‑212 low‑expression group (n=26) 
and high‑expression group (n=22) according to the cut‑off 
value, which was defined as the mean value (0.446) in all 
RCC samples. miR‑212 expression was significantly associ-
ated with tumor size, tumor, nodes, metastasis (TNM) stage 
and lymph node metastasis (all P<0.01); however, miR‑212 
expression was not significantly associated with gender and 

Figure 3. FOXA1 is a direct target of miR‑212 in RCC. (A) The target prediction software (TargetScan) indicated that miR‑212 bound to the sequences in the 
3'UTR of FOXA1. The mutant miR‑212 binding site was generated in the complementary site for the seed region of miR‑212. (B) Luciferase reporter assays 
in Caki‑1 cells following cotransfection with wild‑type or mutant 3'UTR of FOXA1 and miR‑212 mimic or miR‑Ctrl. (C) Reverse transcription‑quantitative 
polymerase chain reaction and (D) western blot analysis of FOXA1 expression in Caki‑1 cells transfected with miR‑212 mimic or miR‑Ctrl. GAPDH was used 
as an internal control. **P<0.01. Wt, wild type; Mut, mutant type; FOXA1, forkhead box protein A1; miR‑212, microRNA‑212; 3'UTR, 3'untranslated region; 
miR‑Ctrl, microRNA‑control; RCC, renal cell carcinoma.

Figure 2. miR‑212 inhibits RCC cell proliferation, migration and invasion, and induces apoptosis. (A) Relative expression of miR‑212 was measured in Caki‑1 
cells transfected with miR‑212 or miR‑Ctrl by reverse transcription‑quantitative polymerase chain reaction. (B) Cell proliferation, (C) migration, (D) inva-
sion and (E) apoptosis was determined in Caki‑1 cells transfected with miR‑212 or miR‑Ctrl. *P<0.05, **P<0.01. miR‑212, microRNA‑212; RCC, renal cell 
carcinoma; miR‑Ctrl, microRNA‑control.
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age (Table  I). These results suggested that miR‑212 may 
serve a key role in the development and progression of RCC.

miR‑212 inhibits RCC cell proliferation, migration and 
invasion, and induces apoptosis. To further investigate the 
biological function of miR‑212 in RCC, miR‑212 mimic 
or miR‑Ctrl was transfected into Caki‑1 cells (Fig. 2A). As 
measured by RT‑qPCR, the miR‑212 mimic significantly 
increased the level of miR‑212 in Caki‑1 cells compared with 
the miR‑Ctrl (P<0.01; Fig. 2A). The MTT assay demonstrated 
that overexpression of miR‑212 significantly inhibited cell 
proliferation of Caki‑1 cells after 48 and 72  h compared 

with the miR‑Ctrl (Fig. 2B). A Transwell chamber was then 
used to investigate the roles of miR‑212 in cell migration and 
invasion in Caki‑1 cells. Results revealed that overexpression 
of miR‑212 significantly inhibited the migratory and invasive 
capabilities in Caki‑1 cells compared with the miR‑Ctrl 
(Fig. 2C and D). In addition, compared with the miR‑Ctrl, 
overexpression of miR‑212 significantly induced apoptosis in 
Caki‑1 cells (Fig. 2E). These results suggested that miR‑212 
may serve a suppressive role in RCC.

FOXA1 is a functional target of miR‑212 in RCC. To 
investigate the underlying molecular mechanism by which 

Figure 5. FOXA1 overexpression reverses the inhibitory effects of miR‑212 in RCC cells. Caki‑1 cells were cotransfected with miR‑212 mimic and FOXA1 
overexpression plasmid, together with miR‑Ctrl, and then subjected to the following examination. (A) reverse transcription‑quantitative polymerase chain 
reaction and (B) western blotting were performed to analyze the FOXA1 mRNA and protein expression levels in Caki‑1 cells. GAPDH was used for internal 
control. (C) Cell proliferation, (D) migration, (E) invasion and (F) apoptosis were determined in Caki‑1 cells. *P<0.05, **P<0.01. FOXA1, forkhead box protein 
A1; miR‑212, microRNA‑212; RCC, renal cell carcinoma; miR‑Ctrl, microRNA‑control.

Figure 4. FOXA1 is upregulated, and is inversely correlated with miR‑212 in RCC tissues. (A) FOXA1 mRNA expression levels were measured in 48 pairs 
of RCC tissue samples and ANT using reverse transcription‑quantitative polymerase chain reaction. (B) Correlation of miR‑212 and FOXA1 expression was 
determined in human RCC tissues by Spearman's rank correlation coefficient analysis (n=48). **P<0.01. ANT, adjacent non‑tumor tissues; FOXA1, forkhead 
box protein A1; miR‑212, microRNA‑212; RCC, renal cell carcinoma.
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miR‑212 inhibits RCC tumor growth, analysis of bioinformatic 
databases (TargetScan, PicTar and miRanda) were used to 
predict putative miR‑212 targets. Target prediction analysis 
revealed that the 3'‑UTR of FOXA1 mRNA contained the 
complementary sequence of miR‑212 at position 164‑171 
(Fig. 3A). To further assess whether FOXA1 is a direct target 
of miR‑212, a luciferase reporter assay was performed. The 
results demonstrated that miR‑212 significantly inhibited the 
luciferase activity of FOXA1 containing the Wt 3'‑UTR, but 
no alteration in FOXA1 activity was observed with the Mut 
3'‑UTR, compared with Caki‑1 cells transfected with the 
miR‑Ctrl (Fig. 3B). In addition, RT‑qPCR and western blotting 
results confirmed that overexpression of miR‑212 resulted in 
downregulation of FOXA1 expression at the mRNA (Fig. 3C) 
and protein (Fig. 3D) level in Caki‑1 cells.

FOXA1 is inversely correlated with miR‑212 in RCC tissues. 
FOXA1 mRNA expression in 48 pairs of RCC tissue samples 
and ANT was investigated by RT‑qPCR. FOXA1 mRNA 
expression was increased in RCC specimens compared with 
ANT (Fig. 4A). Using Spearman's rank correlation coefficient 
analysis, an inverse correlation between miR‑212 and FOXA1 
mRNA expression levels was confirmed in 48 RCC tissues 
(r=‑0.667; P<0.0001; Fig. 4B).

FOXA1 overexpression reverses the inhibitory effects of 
miR‑212 in RCC cells. To determine whether FOXA1 mediates 
miR‑212 in cell proliferation, migration and invasion, a rescue 
experiment was performed. Caki‑1 cells were cotransfected 
with miR‑212 mimic and FOXA1 overexpression plasmid, in 
parallel with controls (miR‑Ctrl). The expression of FOXA1 
was confirmed by RT‑qPCR (Fig. 5A) and western blotting 
(Fig. 5B). In addition, it was revealed that overexpression 
of FOXA1 restored cell proliferation (Fig. 5C), migration 
(Fig. 5D) and invasion (Fig. 5E) in Caki‑1 cells that were 
inhibited by miR‑212. The increased apoptotic rate induced 
by miR‑212 in Caki‑1 cells was also reversed by FOXA1 
overexpression (Fig. 5F).

Discussion

Accumulating evidence has identified a number of miRNAs 
with aberrant expression in RCC tissues or cell lines, which 
are involved in the initiation and progression of RCC as a 
tumor suppressor or oncogene (9‑11). Therefore, investigating 
the function of miRNAs specifically involved in RCC devel-
opment and progression may contribute to the understanding 
RCC carcinogenesis, and provide novel diagnostics and 
therapeutic targets for this disease. In the present study, the 
results revealed that miR‑212 expression was downregulated 
in RCC cells lines and tissues. Furthermore, reduced expres-
sion of miR‑212 was associated with poor prognostic features 
of RCC. Overexpression of miR‑212 suppressed the cell prolif-
eration, migration and invasion, and induced cell apoptosis. 
These results suggested that miR‑212 may be a novel potential 
therapeutic strategy for RCC.

miR‑212 has been reported to be downregulated and act 
as a tumor suppressor in several types of cancers, including 
lung cancer  (14), cervical cancer  (16), glioblastoma  (17), 
ovarian cancer (18), hepatocellular carcinoma (19) and gastric 

carcinoma (25). However, several other studies have suggested 
that miR‑212 exhibits oncogenic roles in pancreatic cancer (13), 
prostate cancer (15) and colorectal cancer (26). This suggests 
that the biological functions of miR‑212 are cancer type 
specific, partly resulting from the different cellular contexts 
of various types of cancer. In the present study, the expression 
and biological function of miR‑212 in RCC was investigated. 
miR‑212 expression in RCC tissues was significantly down-
regulated as compared with that in adjacent non‑tumor tissues. 
In addition, results demonstrated that reduced expression of 
miR‑212 was associated with TNM stage and lymph node 
metastasis. miR‑212 significantly suppressed RCC prolifera-
tion, migration and invasion, and induced cell apoptosis. These 
results suggested that miR‑212 has a possible tumor suppressor 
role in RCC.

To further investigate the underlying molecular mechanisms 
by which miR‑212 exerts its anti‑tumor effect on RCC cells, 
identification of its downstream functional targets is necessary. 
Using three public databases (TargetScan, PicTar, and miRanda), 
it was predicted that FOXA1 was a direct target of miR‑212. 
FOXA1, a member of the FOXA gene family, has been reported 
to serve an important regulatory role in proliferation, apoptosis 
and the cell cycle (27). FOXA1 has been demonstrated to be 
upregulated in various types of cancer, including RCC (28), 
breast cancer (29), hepatocellular carcinoma (18,19), prostate 
cancer (30) and gastric cancer (31). In addition, FOXA1 may 
promote cancer cell proliferation and inhibit apoptosis partly 
by upregulating Yes‑associated protein expression, suggesting 
its oncogenic role in various types of cancer (27,31,32). FOXA1 
has been reported to be a target of miR‑212 in hepatocellular 
carcinoma (19,23); however, the interaction between miR‑212 
and FOXA1 has not been experimentally validated in RCC. In 
the present study, it was confirmed that FOXA1 was a direct 
downstream target of miR‑212 as evidenced by the observation 
that ectopic expression of miR‑212 reduced luciferase activity 
of the FOXA1 promoter and miR‑212 overexpression down-
regulated FOXA1 expression. An inverse correlation between 
the expression of miR‑212 and FOXA1 mRNA expression was 
observed in RCC tissues. Overexpression of FOXA1 expression 
partly abrogated the functional effect of miR‑212 on RCC cell 
proliferation, migration, invasion and apoptosis. These data 
may suggest that miR‑212 partly exerts it antitumor role in 
RCC by targeting FOXA1.

In conclusion, the present study revealed that miR‑212 is 
downregulated in RCC cell lines and tissues. Low expression 
of miR‑212 was prominently associated with large tumor size, 
advanced TNM stage and lymph node metastasis. It was also 
demonstrated that miR‑212 overexpression significantly inhib-
ited cell proliferation, migration and invasion, and induced 
cell apoptosis in RCC cells by suppressing FOXA1 expression. 
These results suggested that miR‑212 may potentially act as a 
clinical biomarker and a therapeutic target for RCC.
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