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Abstract: Purpose: Some microRNA (miRNA) levels have been found to be dysregulated in cancer patients, suggest-
ing the potential usefulness of miRNAs in cancer therapies. The purpose of this study was to investigate the expres-
sion of miR-142-5p in human renal cell carcinoma (RCC) and its potential role in tumor growth and metastasis. 
Methods: The expression level of miR-142-5p in human RCC tissue and cell lines was determined by quantitative 
reverse transcription polymerase chain reaction analysis. MTT, colony formation, Transwell, and cell cycle assays 
were performed to explore the potential functions of miR-142-5p in human RCC cells. The potential target gene 
of miR-142-5p was identified and confirmed via luciferase reporter assays. Results: miR-142-5p expression was 
elevated in RCC tissues and cell lines. Overexpression of miR-142-5p significantly promoted cell proliferation and 
colony formation and could prevent G1 phase arrest among RCC 786-O cells. Meanwhile, the migration potential 
of 786-O cells was greater than that of control cells. BTG3 was identified as a direct target of miR-142-5p, and 
re-expression of BTG3 reversed the miR-142-5p-induced cell proliferation. Conclusion: miR-142-5p promoted the 
proliferation and migration of RCC cells by targeting BTG3. With this potential onco-miRNA role in the progression of 
RCC, miR-142-5p may be a therapeutic target for the treatment of RCC.
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Introduction

Renal cell carcinoma (RCC) is the most com-
mon urologic malignancy, accounting for 2-3% 
[1] of all adult urologic malignancies and 
approximately 5% [2] of epithelial cancers 
worldwide. Among the five subtypes, clear cell 
RCC (ccRCC) is the most frequently encoun-
tered (~75% of cases) and was over-represent-
ed (~90% of cases) in a series of metastatic 
RCC patients [3]. Approximately 30% of patients 
with RCC are found to have metastatic disease 
on staging investigations, and roughly one-third 
of patients with organ-confined disease who 
are undergoing nephrectomy eventually devel-
op metastases [4]. Either partial or radical 
nephrectomy of the affected kidney remains 
the mainstay of curative treatment [5]. RCC is 
generally resistant to chemotherapy and radio-
therapy; however, the introduction of novel 
molecular-targeted agents has revolutionized 
the management of patients with metastatic 

RCC [6, 7]. RCC accounts for 0.5% of all cancer-
related deaths, ranking 16th among all cancers 
[1]. Because most patients are diagnosed when 
the tumor is still relatively localized and ame-
nable to surgical removal, the 5-year survival 
rate for RCC is approximately 73% [8]. However, 
the prognosis for metastatic RCC is poor with a 
5-year survival typically less than 10% [9]. 
Therefore, a better understanding of the molec-
ular mechanisms of RCC progression could 
lead to the identification of new therapeutic tar-
gets for altering the natural history of metastat-
ic disease.

MicroRNAs (miRNAs) are highly conserved, en- 
dogenous small (~22nt), noncoding RNA mole-
cules that regulate post-transcriptional gene 
expression through the epigenetic mechanism 
of RNA interference. They function via sequ- 
ence-specific binding of a seed sequence to  
the 3’ end of the untranslated region (UTR) of a 
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target mRNA, which causes it to either be 
degraded or translationally inhibited [10]. miR-
NAs are thought to be involved in the regulation 
of various cellular biological events, including 
cell proliferation and differentiation, signal 
transduction, organ development, tumorigene-
sis, and progression. Global miRNA expression 
studies have identified miRNAs that are consis-
tently dysregulated across various types of 
human cancers, including RCC [11]. Numerous 
miRNAs have been reported to perform specific 
functions in the regulation of tumor progres-
sion either as tumor suppressors or oncogenes. 
The potential use of miRNAs in cancer thera-
pies is an emerging and promising field, with 
research finding that miRNAs play roles in can-
cer initiation, tumor growth, and metastasis 
[12].

In previous research, miR-142-5p was revealed 
to be a diagnostic hallmark of acute rejection 
after renal transplantation based on its up-reg-
ulation in biopsies from patients experiencing 
acute rejection [13]. Moreover, miR-142-5p and 
miR-142-3p are downregulated in hepatocellu-
lar carcinoma and exhibit synergistic effects on 
cell motility [14]. However, miR-142-5p is signifi-
cantly upregulated in metastatic RCC, and this 
finding suggests a special role for this miRNA in 
RCC progression [15]. In addition, a member of 
the same family, miR-142-3p, was reported to 
act as a tumor suppressor gene or an oncogene 
in many cancers including RCC. miR-142-3p 
was found to be specifically upregulated during 
angiogenesis within forming islets, which sug-
gested a specific role for this miRNA in angio-
genesis [16]. Additional research demonstrat-
ed that miR-142-3p is upregulated in RCC in 
comparison with expression levels in normal 
renal cells [17, 18]. A recent study found consis-
tent, significant upregulation of miR-142-3p in 
ccRCC of high stage or high grade and conclud-
ed this miRNA might be associated with the 
progression of RCC [15]. miR-142-3p is upregu-
lated in T-cell acute lymphoblastic leukemia 
(T-ALL) [19]. Previous studies also showed that 
adenomatous polyposis coli (APC) is a con-
served target of miR-142-3p, and the Wnt sig-
naling pathway may be a major target of aber-
rant hypermethylation in RCC [20]. In contrast 
to findings in RCC and T-ALL patients, miR-142-
3p was shown to be downregulated in patients 
with non-small-cell lung carcinoma, and it might 
be a tumor suppressor through the downregula-

tion of high mobility group box 1 (HMGB1) in 
non-small cell lung cancer [21]. Although previ-
ous studies also have demonstrated that a 
miR-142 family member might function as an 
oncogene in RCC [17, 18], studies investigating 
the role of miR-142-5p in RCC are not found in 
the literature.

In this study, we investigated the expression of 
miR-142-5p in human RCC tissue and cell lines 
and assessed the influence of miR-142-5p on 
cell proliferation and migration. BTG3 was iden-
tified as a direct target of miR-142-5p that 
might mediate its biological effects. The data in 
the present study suggest that miR-142-5p 
functions as a tumor oncogene by down-regu-
lating BTG3 expression, providing a potential 
diagnostic and therapeutic target for the treat-
ment of RCC.

Materials and methods

Ethics statement and tissue samples

This study was approved by the ethical board of 
Renmin Hospital of Wuhan University and com-
plied with the Declaration of Helsinki. Patients 
gave written informed consent. RCC tissues 
and adjacent normal renal tissues were col-
lected from 30 patients undergoing radical 
nephrectomy at Renmin Hospital of Wuhan 
University between January 2012 and De- 
cember 2015. The samples were immediately 
snap-frozen in liquid nitrogen, and RCC was 
confirmed in all samples by trained path- 
ologists.

Cell lines, cell culture and transfection

The human RCC cell lines A498, Caki-1, and 
786-O cells were purchased from American 
Type Culture Collection (ATCC, Rockville, MD). A 
normal renal cell line (HK-2) was purchased 
from the Cell Bank of the Chinese Academy of 
Sciences (Shanghai, China). These cells were 
grown under standard conditions in Dulbecco’s 
modified Eagle’s medium (Invitrogen, Carlsbad, 
CA), supplemented with 10% fetal bovine serum 
(FBS, Gibco), 1% glutamine, and 1% penicillin/
streptomycin (Invitrogen), and maintained in a 
humidified incubator with 5% CO2 at 37°C. The 
miR-142-5p mimic and negative control were 
purchased from GenePharma (GenePharma, 
China). Cells were transfected with miR-142-5p 
mimic or negative control using Lipofectamine 
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2000 (Invitrogen, Canada) following the manu-
facturer’s instructions. The pXJ40-myc-BTG3 
plasmid was prepared by subcloning after PCR 
amplification of the coding region of BTG3 and 
confirmed by sequencing. The culture medium 
was replaced by fresh medium 6 h after trans-
fection, and the cells were incubated for 48 h 
prior to further testing.

Quantitative reverse transcription PCR

Total RNA from tissue samples and cell lines 
was extracted using TRIzol reagent (Invitrogen) 
and purified with an RNeasy Mini kit (Qiagen) 
according to the manufacturer’s instructions. 
The SYBR-Green PCR master mix (Applied 
Biosystems, Foster City, CA, USA) was used 
with a 7500 Real-time PCR system (Applied 
Biosystems). All reactions were performed in 
triplicate. PCR primers included: miR-142-5p: 
5’-AACTCCAGCTGGTCCTTAG-3’ and 5’-TCTTGA- 
ACCCTCATCCTGT-3’; U6: 5’-CTCGCTTCGGCAGC- 
ACA-3’ and 5’-AACGCTTCACGAATTTGCGT; 18S: 
5’-CATTCGTATTGCGCCGCT-3’ and 5’-CGACGGT- 
ATCTGATCGTC-3’; BTG3: 5’-ATGAAGAATGAAAT- 
TGCTG-3’ and 5’-TTAGTGAGGTGCTAACATGTG-3’. 
The relative quantification value for each gene 
was calculated by the 2-ΔΔCt method using U6 as 
an internal control.

Western blotting

Western blotting was performed as previously-
described [22]. Briefly, cells were lysed in a 
modified radioimmunoprecipitation (RIPA) buf-
fer, and protein was separated by electrophore-
sis before transfer to membranes. Membranes 
were probed with anti-β-actin or anti-BTG3 pri-
mary antibodies at 4°C overnight, before horse-
radish peroxidase (HRP)-linked secondary anti-
bodies were added for 1 h at room temperature. 
Western blots were developed using an enhan- 
ced chemiluminescence (ECL) detection sys-
tem (Amersham Biosciences, Piscataway, NJ, 
USA).

Cell proliferation assay

Cell proliferation was determined using the 
3-(4,5-dimethylthiazol-2-yl)-2,5- diphenyltetra-
zolium bromide (MTT) assay performed accord-
ing to the manufacturer’s instructions (Sigma-
Aldrich, St.Louis, MO, USA). Cells were cultured 
at a density of 5,000 cells/well in 96-well plates 
and transfected with various concentrations of 

miR-142-5p mimic or negative control. Cells 
were cultured for 72 h, and MTT reagent was 
added and incubated for 4 h. Then the reaction 
was stopped by addition of 150 μl DMSO, and 
the optical density (OD) was measured at 490 
nm by an enzyme immunoassay plate reader 
instrument (BioRad, Hercules, CA, USA).

In addition, after a transfection period of 48 h, 
cells were seeded in 24-well plates in triplicate 
at a density of 10,000 cells per well for genera-
tion of growth curves. Cells were then trypsin-
ized and stained with the Trypan Blue Staining 
Cell Viability Assay Kit (Beyotime, Biotechnology, 
Shanghai, China), and the numbers of viable 
cells were counted at 24, 48, and 72 h.

Colony formation assay

For the colony formation assay, cells were 
transfected with miR-142-5p mimic or negative 
control for 48 h and then grown in 6-well plates 
in growth medium. After culture for 7 days, the 
colonies formed were washed with phosphate-
buffered saline (PBS), fixed with 4% formalde-
hyde, and then stained with 0.5% crystal violet. 
Stained colonies larger than 1 mm in diameter 
were counted. Triplicate samples were tested, 
and each colony formation assay was repeated 
at least two times.

Cell migration assay

Cell migration activity was evaluated with the 
Transwell system (24-well plates, 8-μm pore 
size, BD Bioscience, Franklin Lakes, NJ, USA). 
After 48 h of transfection with miR-142-5p 
mimic or negative control, aliquots of 100,000 
786-O cells were resuspended in RPMI-1640 
medium without FBS and seeded into the upper 
chamber coated with collagen IV. The lower 
chamber was filled with 0.4 ml RPMI-1640 
medium containing 10% FBS. After incubation 
for 24 h, the cells were fixed with 10% formalin 
and stained with 0.1% crystal violet solution. 
Images were taken of the migrating cells, and 
cell counts were obtained for five randomly 
selected fields of view under a light microscope 
at ×100 magnification. All experiments were 
performed in triplicate.

Cell cycle assay

Cells were harvested after transfection with 
miR-142-5p or negative control for 48 h and 
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washed three times with cold PBS. Ice-cold 
70% ethanol was then added, and the cells 
were fixed at 4°C overnight. After resuspension 
in fluorescence-activated cell sorting (FACS) 
solution with RNase and propidium iodide (PI), 
cells in different phases were detected using a 
FACScan flow cytometer (BD Biosciences).

Dual-luciferase reporter assay

The BTG3 3’-UTR containing the putative miR-
142-5p binding site was cloned into the p3× 
Flag-CMV 10 vector, and the plasmid was con-
firmed by sequencing. 786-0 cells were seeded 
in 12-well plates, and once they reached 
60-80% confluency, they were transiently co-
transfected with the vector along with miR-142-
5p mimic or negative control. After a transfec-
tion period of 30 h, luciferase activity was 
measured using a Dual-Luciferase Reporter 
assay kit (Promega, Madison, WI, USA).

Statistical analysis

The data are expressed as mean ± standard 
deviation (SD) from three separate experi- 
ments. Statistical comparisons between two 
data samples were carried out using Student’s 
t test, and for multiple samples, one-way analy-
sis of variance (ANOVA) with a post-hoc test 
was performed using SPSS 16.0 statistical 
software (SPSS, Inc., Chicago, IL, USA). P<0.05 
was considered statistically significant.

sion was higher in all RCC cell lines than in the 
control normal renal cell line (Figure 1B).

miR-142-5p promotes proliferation of RCC 
cells

To study the effects of the miR-142-5p mimic 
on the proliferation of RCC cells, 786-O cells 
were exposed to different concentrations of 
miR-142-5p mimic for 72 h, and cell prolifera-
tion was evaluated by MTT assay. We observed 
significant time- and dose-dependent increas-
es in 786-O cell proliferation after miR-142-5p 
transfection, compared to the proliferation of 
cells transfected with the negative control 
(Figure 2B, 2C). The colony formation assay 
revealed that colony numbers also were signifi-
cantly increased after miR-142-5p transfection 
(Figure 2D).

Because the miR-142-5p mimic promoted 
786-O cell proliferation, we examined the 
effects of miR-142-5p on 786-O cell cycle pro-
gression by flow cytometry. As shown in Figure 
2E, transfection with the miR-142-5p mimic 
decreased the proportion of cells in G1 phase, 
while the percentage of S phase cells was 
greater in the miR-142-5p group than in the 
negative control group. Thus, these results indi-
cated that RCC cell proliferation could be sig-
nificantly increased by miR-142-5p and overex-
pression of miR-142-5p can prevent G1 phase 
arrest among 786-O cells.

Figure 1. miR-142-5p was commonly upregulated in RCC specimens and 
cell lines. A. Relative expression of miR-142-5p in 30 paired clinical RCC 
specimens and adjacent normal tissues as measured by qRT-PCR. B. Ex-
pression level of miR-142-5p in 3 RCC cell lines (786-O, A498, and Caki-1) 
and one normal renal cell line (HK-2) as analyzed by qRT-PCR. U6 served 
as an internal reference. All data are expressed as mean ± SD for three 
independent experiments. *P<0.05.

Results

Elevated expression of miR-
142-5p in RCC specimens and 
RCC cell lines

To examine whether miR-142-
5p is differentially expressed in 
RCC, we analyzed the expres-
sion level of miR-142-5p in 30 
paired RCC specimens and pair-
matched adjacent normal renal 
tissues by qRT-PCR. The data 
demonstrated that miR-142-5p 
expression was significantly hi- 
gher in clinical RCC specimens 
than in normal renal tissues 
(Figure 1A). Moreover, we de- 
tected miR-142-5p expression 
in a series of human RCC cell 
lines, and miR-142-5p expres-
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miR-142-5p enhances migration of RCC cells

Cell migration assay was performed to observe 
the role of miR-142-5p in cell migration. As 
shown in Figure 3A and 3B, cell migration was 
significantly increased in the group transfected 
with miR-142-5p compared with that of cells 
transfected with the negative control. These 
data suggest that the migration ability of 786-O 
cells was enhanced by miR-142-5p.

miR-142-5p downregulates BTG3 expression 
by directly targeting its 3’-UTR

In general, each miRNA regulates the expres-
sion of multiple mRNAs, which results in the 
formation of a complex regulatory network. To 
identify possible target genes of miR-142-5p, 
we performed a computational screen using 
TargetScan software and focused our attention 
on BTG3 as the potential putative target (Figure 
4A). A luciferase reporter assay revealed a 
marked reduction in luciferase activity in cells 
co-transfected with miR-142-5p and the report-
er vector compared with that in cells co-trans-
fected with the negative control and the report-

Figure 2. miR-142-5p promotes proliferation of RCC cells. A. miR-142-5p expression by qRT-PCR after transfect-
ing of 786-O cells with miR-142-5p or negative control (NC). B. Cell proliferation of 786-O cells by MTT assay after 
transfection with different concentrations of miR-142-5p or NC for 72 h. C. Growth curves for 786-O cells after 48 
h of transfection with miR-142-5p or NC. D. Numbers of colony in miR-142-5p- and NC-transfected groups. E. Cell 
cycle distribution based on flow cytometry 48 h after transfection of 786-O cells with miR-142-5p or NC. All data are 
expressed as mean ± SD for three independent experiments. *P<0.05.

Figure 3. miR-142-5p enhances the migratory abil-
ity of RCC cells. A. Representative images (at 100× 
magnification) of crystal violet-stained migrating 
786-O cells after transfection with miR-142-5p or 
NC. B. Quantification of 786-O cell migration. The 
data represent mean ± SD. *P<0.05.
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er vector, miR-142-5p failed to inhibit luciferase 
activity with the mutated luciferase construct 
(Figure 4B). Moreover, we demonstrated that 
overexpression of miR-142-5p significantly de- 
creased BTG3 expression at both the mRNA 
and protein levels via qRT-PCR and Western 
blot analyses, respectively (Figure 4C, 4D). 
These data further indicate that BTG3 is a 
direct target of miR-142-5p in 786-O cells.

BTG3 suppresses cell proliferation and re-
verses miR-142-5p-induced cell proliferation

Because the BTG family, a family of tumor sup-
pressor genes, has been implicated in the regu-
lation of cell cycle progression, we tested the 
effect of BTG3 in 786-O cells. As shown in 
Figure 5B, treatment with BTG3 reduced cell 
proliferation as determined by cell counting. To 
further determine the effect of BTG3 on miR-
142-5p-induced proliferation, direct cell count-
ing was conducted after co-transfection of 

142-5p may play an onco-miRNA role in the pro-
gression of RCC.

miR-142 has been reported to be a critical reg-
ulator in carcinogenesis and tumor progression 
via its function as either an oncogene or tumor 
suppressor gene in various cancers, including 
RCC. Specifically, miR-142-3p was shown to 
upregulated in RCC [17, 18]. Another study 
found that both miR-142-3p and miR-142-5p 
were significantly upregulated in metastatic 
RCC, which suggested their special roles in 
RCC progression [15]. Consistent with these 
findings, our results indicate that miR-142-5p 
might function as an oncogene in RCC. The 
miR-142-5p expression was significantly higher 
in clinical RCC specimens and human RCC cell 
lines than in normal renal tissues and a normal 
renal cell line, respectively. Moreover, exoge-
nous overexpression of miR-142-5p promoted 
cell proliferation and migration as well as pre-
vented G1 phase arrest in 786-O cells. These 

Figure 4. miR-142-5p inhibits BTG3 expression in 786-O cells by directly 
targeting its 3’-UTR. A. Binding sites for miR-142-5p in the 3’-UTR of BTG3 
mRNA. B. Luciferase reporter assay showing reduced luciferase reporter ac-
tivity in 786-O cells containing the BTG3 WT 3’-UTR fragment. C. qRT-PCR 
analysis of BTG3 mRNA expression in 786-O cells transfected with miR-
142-5p or NC. D. Western blot analysis of BTG3 protein expression in 786-O 
cells transfected with miR-142-5p or NC. The data represent mean ± SD. 
*P<0.05.

786-O cells with miR-142-5p 
and BTG3. We found that 
BTG3 completely inhibited the 
increase in cell proliferation 
induced by miR-142-5p (Fi- 
gure 5C).

Discussion

The present study provides 
the first evidence that miR-
142-5p enhances RCC pro-
gression by regulating BTG3 
expression. We observed that 
miR-142-5p expression was 
elevated in RCC tissues and 
cell lines. Our further experi-
ments suggested that overex-
pression of miR-142-5p signifi-
cantly promoted cell prolife- 
ration and colony formation 
among the 786-O RCC cells. In 
addition, the migration poten-
tial of 786-O cells expressing 
miR-142-5p was greater than 
that of the control group. BTG3 
was identified as a direct tar-
get of miR-142-5p, and re-
expression of BTG3 reversed 
the miR-142-5p-induced cell 
proliferation. Taken together, 
our results indicate that miR-
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results demonstrate that miR-142-5p acts as 
an oncogenic miRNA in RCC.

BTG3 is a member of the B-cell translocation 
gene family and is thought to be a negative reg-
ulator of cell growth via its binding to E2F1, 
Smad8 receptor-regulated Smad transcription 
factor, and CCR4 transcription factor-associat-
ed protein Caf1 and ultimate suppression of 
proliferation and cell cycle progression [23-25]. 
In addition, BTG3 binds and suppresses Akt 
and Ras/MAP kinase signaling [26]. BTG3 
expression was negatively correlated with 
lymph node metastasis in lung cancer [27] as 
well as with distant metastasis in gastric [28] 
and hepatocellular [29] cancer. Another study 
also reported that BTG3 is downregulated in 
renal cancer and the responsible mechanism 
may involve promoter hypermethylation [30]. 
Consistent with a previous study [31], our 
results indicated that BTG3 is a direct target of 
miR-142-5p in RCC cells. Moreover, miR-142-
5p overexpression was correlated with BTG3 
down-regulation, leading to the promotion of 
cell proliferation and migration. Furthermore, 
re-expression of BTG3 reversed the miR-142-
5p-induced promotion of cell proliferation. 
Thus, our data revealed that the oncogene role 
of miR-142-5p in RCC might be mediated via 
the regulation of BTG3 expression.

Conclusion

In summary, our study demonstrated that miR-
142-5p is upregulated in RCC specimens and 
cell lines. Overexpression of miR-142-5p pro-
moted RCC cell proliferation and colony forma-
tion, increased RCC cell migration, and induced 
786-O cell entry into S phase. The oncogene 
function of miR-142-5p was mediated by the 
down-regulation of its downstream target gene 

BTG3. These findings suggest that miR-142-5p 
may be a promising target for the development 
of new treatments for RCC.
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