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MicroRNA-182 suppresses clear cell renal cell carcinoma migration

and invasion by targeting IGF1R
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The purpose of our study was aimed to determine the functional role of microRNA (miR)-182 in clear cell renal cell carci-
noma (ccRCC) and try to clarify its underlying molecular mechanism. Expression of miR-182 in both cancer and peripheral
blood samples was analyzed by quantitative real-time PCR (qRT-PCR). Human RCC line Caki-1 cells were transfected with
miR-182 mimic, miR-182 inhibitor, or negative controls, and then the cell viability, colony-formation ability, migration, and
invasion assay were determined. Luciferase reporter assay, qRT-PCR and Western blotting were used to determine whether
insulin-like growth factor 1 receptor (IGFIR) was a target of miR-182. Further, small interfering RNA (siRNA) against IGF1R
was co-transfected with miR-182 inhibitor into cells, and then the effects on migration and invasion were assessed. MiR-182
was down-regulated in both cancer and blood samples compared to the matched non-tumor adjacent tissues and healthy
volunteers, respectively (both P<0.05). Compared to the control group, cell viability, colony-forming ability, and numbers of
migrated and invaded cells were significantly decreased by transfection with miR-182 mimic but were markedly increased
by miR-182 inhibitor (all P < 0.05). Luciferase reporter assay confirmed that IGF1R was a target gene of miR-182, and IGF1R
was negatively regulated by miR-182. Co-transfection of miR-182 inhibitor with si-IGF1R reversed the effect of miR-182
inhibitor on the migration and invasion of the cells. MiR-182 functions as an anti-oncogene in ccRCC, and miR-182-mediated
inhibition of cell migration and invasion might be through directly targeting IGF1R.
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Renal cell carcinoma (RCC) is the most common malignant
tumor of adult kidney and accounts for approximately 3% of
adult cancers with a high mortality at over 40% [1, 2]. Clear
cell renal cell carcinoma (ccRCC) is the most frequent subtype
of RCC accounting for about 75-80% of the tumor [3]. Despite
a tremendous advance has been made in available treatments,
the prognosis still remains dismal for locally advanced and
metastatic RCC [4]. It has been reported that up to 30-40% of
patients with RCC present with metastatic disease even after
radical resections [5]. Therefore, it is necessary to provide
knowledge of molecule mechanisms controlling the metastatic
and invasive potential of RCC.

MicroRNAs (miRNAs) are a class of small and non-coding
RNA molecules that regulate mRNA transcription and trans-
lation by base pairing with the 3’ untranslated region (UTR)
[6]. It has been well demonstrated that miRNAs are involved

in the development and progression of various cancers by
regulating cell proliferation, invasion, and migration [7, 8].
Recently, emerging evidence has suggested the significant
roles of miRNAs in RCC [9-11]. Among miRNAs, miR-182
was recently found to be associated with the invasive and/or
metastatic potential of prostate cancer [12], melanoma [13],
and ovarian carcinomas [14]. However, little information is
available regarding the relationship between miR-182 and
RCC migration and invasion.

In the present study, we explored the functional role of
miR-182 in RCC migration and invasion. The expression pat-
tern of miR-182 in both ccRCC tumor tissues and peripheral
blood samples were first investigated. The effects of miR-182
on ccRCC cell viability, migration, and invasion were then
determined by altering the endogenous levels of miR-182
in renal carcinoma cell line cell line Caki-1 cells. We further
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predicted the direct targets of miR-182 to clarify the under-
lying mechanism of migration and invasion in ccRCC. Our
study may provide new targets for intervention of ccRCC by
decreasing the migrated and invaded cells.

Patients and methods

Patients and specimens. Human kidney specimens, in-
cluding ccRCC and their matched non-tumor adjacent tissue
samples (> 5 cm), were obtained from 57 patients (38 males
and 19 females, aged 50-79 years old) who underwent radical
nephrectomy at the First Affiliated Hospital of Zhengzhou
University between April 2010 and August 2015. The speci-
mens were immediately snap-frozen and stored at -80°C. The
pathologic diagnosis of ccRCC was confirmed according to
the 2004 World Health Organization classification [15]. No
previous local or systemic treatment was performed to the
patients. Additionally, two-milliliter peripheral blood samples
were collected from both the patients and 10 healthy volun-
teers. The collection and use of the samples were approved by
the Institutional Ethics Committee of First Affiliated Hospital
of Zhengzhou University, and written consents were obtained
from all the enrolled participants.

Cell culture. The human RCC line cell line Caki-1 cells
were obtained from the Shanghai Institute of Cell Biology
at the Chinese Academy of Sciences (Shanghai, PR China).
The cells were grown in McCoy’s 5A medium (Invitrogen)
supplemented with 10% fetal bovine serum (FBS) (GIBCO,
Grand Island, NY, USA), 100 U/ml penicillin and 100 pg/
ml streptomycin (Life Technologies) at 37°C in a humidified
atmosphere of 5% CO,.

Transfection. Caki-1 cells were transiently transfected with
miR-182 mimic, miR-182 inhibitor, miR-control RNA, small
interfering RNA (siRNA) against IGF1R, or siRNA-control
using Lipofectamine 2000 (Invitrogen) according to the
manufacturer’s instructions. The miR-182 mimic and inhibi-
tor, si-IGF1R, and their corresponding negative controls were
designed and produced by GenePharma (Shanghai, China). In
brief, the cells were seeded in a 24-well and incubated for 24 h,
the cells were then transiently transfected with miR-182 mimic
(50 nM), miR-182 (50 nM), or si-IGF1R (100 nM). After 48
h, the cells were harvested for further analyses.

RNA preparation and quantitative real time-PCR (qRT-
PCR). Total RNA including miRNAs was extracted from
tissue samples, peripheral blood samples, or Caki-1 cells
using TRIzol reagent (Invitrogen) following the manufac-
turer’s protocol. For analysis of miR-182 expression, reverse
transcription and stem-loop RT-PCR were performed using
the TagMan MicroRNA assays (Applied Biosystems, Foster
City, CA, USA) and amplified by TagMan Universal PCR
Master Mix (Applied Biosystems). U6 snRNA was probed as
aloading control. For analysis of IGF1R expression, QRT-PCR
was carried out using SYBR green PCR master mix (Applied
Biosystems). Total RNA was reverse-transcribed, amplified
and detected according to the manufacturer’s instructions.

GAPDH was used as a loading control. Both reverse transcrip-
tion and primers were obtained from Genepharma (Shanghai,
China). All samples were run in triplicate and the data were
analyzed by using the comparative 272" methods.

Cell viability. The cell viability was determined by 3-(4,
5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2-H-tetrazolium
bromide (MTT) assay. Briefly, Caki-1 cells were seeded in
a 96-well plate for 24 h before transfection. The cells were
then incubated with MTT (5 mg/mL, 20 uL) at 37°C for 5
h and lysed in dimethyl sulfoxide (DMSO) (150 pL) at room
temperature for 10 min at 24, 48, 72 and 96 h after transfec-
tion. The optical density (OD) was measured at 450 nm with
650 nm as a reference using a Synergy plate reader (BioTek,
Winooski, VT, USA). Assays were run in triplicate.

Cell colony formation. The cells were seeded in 6-well
plates at a density of 1000 cells per well. After 24 of incubation,
the cells were transfected with miR-182 mimic, inhibitor, or
negative controls and allowed to grow for 14 days until visible
clones appeared. Subsequently, the cells were collected, washed
with phosphate buffer saline (PBS), fixed with 4% parafor-
maldehyde, and stained with 0.1% crystal violet solution. The
number of colonies was scored visually under a fluorescence
microscope (IX71, Olympus, Tokyo, Japan).

Cell migration and invasion assay. Cell migration and in-
vasion were measured using Transwell migration chambers (8
um pore size; Corning, NY, USA). The upper-chamber mem-
branes were coated with a diluted Matrigel (BD Biosciences)
for the invasion assay, and while the upper-chamber mem-
branes were without Matrigel for the migration assay. For both
the assays, the cells (5x10* cells/well) were transfected, starved
overnight, trypsinized, and seeded in the upper chambers with
serum-free medium. The bottom chamber was filled with 10
% FBS which acted as a chemoattractant. After incubation for
24 h at 37°C, the migrated or invaded cells were fixed with 4%
paraformaldehyde, stained with 0.5% crystal violet solution,
and counted with a light microscopy.

Target prediction. TargetScan 6.2 (http://www.targetscan.
org) and/or microRNA.org (http: /www. microrna.org) were
used to predict target genes of miR-182.

Luciferase reporter assay. Caki-1 cells were seeded in 48-
well plates 24 prior to the transfection. The 3’-UTR sequence
of wild-type (WT) or mutated (Mut) human IGF1R was PCR-
amplified and linked into the psiCHECK vector (GenePharma)
at 70%-80% cell confluence. Forty-eight hours later, firefly
and renilla luciferase activities were measured consecutively
by using Dual Luciferase Assay (Promega, USA) according
to the manufacturer’s instructions. Tests were performed in
duplicate in three independent samples.

Western blot analysis. The expression levels of IGF1IR
were measured by Western blotting using standard protocols.
Briefly, protein was extracted from Caki-1 cells after trans-
fection with miR-182 mimic or inhibitor, or si-IGF1R. The
concentration of protein was determined by using Bio-Rad
protein assay reagent (Bio-Rad Laboratories, CA, USA). The
protein samples were separated by 10-12% sodium dodecyl
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sulfate (SDS) - polyacrylamide gel electrophoresis and blot-
ted onto polyvinylidene fluoride (PVDF) membranes (GE
Healthcare, Little Chalfont, England). Membranes were then
probed with IGF1R antibody (Cell Signaling Technology,
Inc. Danvers, MA) at 4°C overnight. After incubation with
horseradish peroxidase (HRP) secondary antibody (Cell
Signaling Technology), the blotted proteins were visualized
using enhanced chemiluminescence (Amersham Pharmacia
Biotech Inc, Piscataway, NJ). GAPDH was used as a loading
control.

Statistical analysis. All data were shown as mean + stand-
ard deviation (SD). Statistical analyses were conducted using
SAS software (SAS Institute, version 9.2). A P-value of < 0.05
was considered to be statistically significant.

Results

MiR-182 was decreased in both ¢ccRCC and blood
samples. To evaluate the functional role of miR-182 in
ccRCC, we first determined the expression levels of miR-
182 in both ccRCC and blood samples by using qRT-PCR
analysis. Tissue samples, including ccRCC and their matched
non-tumor adjacent tissue samples, were obtained from 57
patients with ccRCC. Circulating miRNAs in the serum have
been regarded as noninvasive biomarkers in many cancers,
thus, we explored whether serum miR-182 expression was
a biomarker of ccRCC. Peripheral blood samples were col-
lected from all the patients and 10 healthy volunteers. The
results revealed that the relative expression levels of miR-
182 were significantly decreased in cancer tissues compared
to the matched non-tumor tissues (P < 0.05) (Figure 1 A).
Similarly, the expression of miR-182 in the peripheral blood
was also significantly lower in the patients with ccRCC than
that in the healthy volunteers (P < 0.05), implying that serum
miR-182 expression might be a novel biomarker of ccRCC
(Figure 1 B). These data suggested miR-182 might play a key
role in ccRCC.

MiR-182 decreased cell viability, migration, and invasion.
We then assessed the functional role of miR-182 in ccRCC.
The expression of miR-182 was altered by transfection with
miR-182 mimic or inhibitor. The transfection efficiency was
evaluated by qRT-PCR. As shown in Figure 2 A, the relative
expression levels of miR-182 was significantly up-regulated by
transfection with miR-182 mimic but was statistically down-
regulated by transfection with miR-182 inhibitor compared
with the control group (both P < 0.05). After transfection,
the cell viability and cell colony formation was determined.
As indicated in Figure 2 B-D, compared to the control group,
both the cell viability and colony-formation ability were
significantly decreased by transfection with miR-182 mimic,
but markedly increased by transfection with miR-182 inhibi-
tor (both P < 0.05). The effects of miR-182 on migration and
invasion in Caki-1 cells were further investigated. We found
that the numbers of migrated and invaded cells were both
significantly decreased by miR-182 mimic but were obviously
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Figure 1. The relative expression levels of miR-182 in both tumor and blood
samples. A, compared to the matched non-tumor adjacent tissue samples,
the relative expression levels of miR-182 is significantly decreased in tumor
samples; B, compared to healthy volunteers, the relative expression levels
of miR-182 is markedly decreased in blood samples. "P < 0.05 compared
to normal group

elevated by miR-182 inhibitor (both P < 0.05) (Figure 3 A-D).
These data indicated that miR-182 might function as an anti-
oncogene in ccRCC by inhibition of cell viability, migration,
and invasion.

IGF1R was a direct target of miR-182. To determine how
miR-182 exerts its cell migration and invasion inhibitory
functions, two algorithm programs (TargetScan 6.2 and micro-
RNA.org) were used to predict potential target genes. IGF1R
was chosen as one of the candidate genes because its 3’UTR
contained several potential binding sites of miR-182 and it
was responsible for cell migration and invasion. As shown in
Figure 4 A, IGFIR was predicted to be a target of miR-182.
To confirm the results, we determined the expression levels of
IGFI1R after changing the expression of miR-182. Overexpres-
sion of miR-182led to a decrease of IGF1R mRNA and protein
levels in Caki-1 cells. Conversely, inhibiting the expression of
miR-182 resulted in an increase of IGF1R mRNA and protein
levels in Caki-1 cells (Figure 4 B and C).
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Figure 2. The effect of miR-182 on cell viability in Caki-1 cells. A, the relative levels of miR-182 is significantly up-regulated by transfection with miR-
182 mimic but is statistically down-regulated by transfection with miR-182 inhibitor compared with the control group; B, cell viability is significantly
decreased by transfection with miR-182 mimic, but markedly increased by transfection with miR-182 inhibitor; C-D, colony-formation ability is
significantly decreased by transfection with miR-182 mimic, but markedly increased by transfection with miR-182 inhibitor. OD, optical density, ‘P <

0.05 compared to control group

To further validate whether IGFIR was indeed directly
regulated by miR-182 in Caki-1 cells, the target sequence of
IGFIR 3°UTR (WT- IGF1R 3'UTR) or the mutant sequence
(Mut-IGF1R 3°UTR) was cloned into a luciferase reporter vec-
tor. The results of luciferase assay showed that the luciferase
activity was significantly decreased by co-transfection of miR-
182 with IGFIR 3’UTR W'T in Caki-1 cells, but no significant
differences could be found by co-transfection of miR-182
mimic with IGF1IR 3'UTR Mut (Figure 4 D). The detailed
sequence of IGF1IR 3’'UTR WT or Mut were shown in Figure 4
E. Taken together, these results strongly suggested that IGF1R
was a direct target of miR-182 in the ccRCC cells.

MiR-182-mediated inhibition of cell migration and inva-
sion was through directly targeting IGF1R. In spite of the
above results suggested that miR-182 can directly inhibit the
expression of IGFIR, it has not been confirmed that whether
miR-182-mediated inhibition of cell migration and invasion
is through targeting IGF1R. Therefore we examined whether
inhibition of IGF1R activity could reverse the role of cell mi-
gration and invasion inhibition by miR-182 in Caki-1 cells.
The expression of IGF1R was silenced by transfection with

siRNA targeting IGFIR. As shown in Figure 5 A and B, both
the mRNA and protein expression levels of IGFIR were sig-
nificantly decreased by transfection with si-IGF1R (P < 0.05).
After co-transfection of miR-182 inhibitor with si-IGF1R, the
numbers of migrated and invaded cells were statistically down-
regulated compared to the cells only transfected by miR-182
inhibitor (P < 0.05) (Figure 5 C-F). The results indicated that
miR-182-mediated inhibition of cell migration and invasion
was through directly targeting IGFIR inhibition.

Discussion

In the present study, we focused on the functional role of
miR-182 in ccRCC, as well as possible regulatory mechanism.
Our data demonstrated that the expression of miR-182 was
significantly decreased in ¢ccRCC tumor tissues and periph-
eral blood samples. Overexpression of miR-182 statistically
decreased the cell viability, colony-formation ability, migra-
tion, and invasion of RCC line Caki-1 cells. Additionally, we
found that IGF1R was a direct target gene of miR-182 and was
negatively regulated by miR-182. The results suggest that miR-
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Figure 3. The effect of miR-182 on migration and invasion in Caki-1 cells. A-B, the numbers of migrated cells are significantly decreased by miR-182
mimic but obviously elevated by miR-182 inhibitor; C-D, the numbers of invaded cells are significantly decreased by miR-182 mimic but obviously

elevated by miR-182 inhibitor. "P < 0.05 compared to control group

182 might function as an important tumor suppressor gene
in ccRCC, and miR-182-mediated inhibition of cell migration
and invasion is through directly targeting IGF1R.
Accumulating evidence suggests that miRNAs play sig-
nificant roles in regulation multiple biological processes,
including the migration and invasion [16-18]. Among mRNAs,
the function of miR-182 is complicated because miR-182 has
been identified as an oncogene or an anti-oncogene in the
context of different cancers. For example, Sun et al. has sug-
gested that miR-182 serves as an anti-oncogene by suppressing
lung cancer cell proliferation and anchorage-independent cell
growth through down regulation of regulator of G-protein
signaling 17 (RGS17) expressions in vitro [19]. Tang et al.
found that miR-182 was significantly downregulated in human
gastric tissue samples, and inhibits proliferation and colony
formation of gastric cancer cells through targeting oncogenic
ANUBLI (also known as zinc finger, AN1-type domain 4
(ZFAND4)) [20]. However, Wang et al. found that miR-182

was significantly up-regulated in hepatocellular carcinoma
(HCC) and promoted metastasis of HCC by inhibition of
metastasis suppressor 1 (MTSS1) expression [21]. The func-
tional role of miR-182 in RCC has been recently investigated.
Xu and co-workers found that miR-182-5p was frequently
down-regulated in human RCC tissues and enforced expres-
sion of miR-182-5p significantly inhibited the proliferation
and tumorigenicity in vitro and in vivo [22]. However, little
research has been performed regarding migration and invasion
of miR-182 in ccRCC. Therefore, our study aimed to elucidate
the effect of miR-182 on ccRCC migration and invasion, as
well as the underlying mechanisms. In the present study, we
first determined the expression levels of miR-182 in both the
tumor and peripheral blood samples. Our results indicated
that compared to the matched non-tumor adjacent tissues
and normal blood samples, the expression levels of miR-
182 were significantly decreased in both cancer and blood
samples. The results highlighted a critical role for miR-182
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in the pathogenesis of ccRCC, and serum miR-182 might be
a biomarker of ccRCC, which were in line with Xu et al. [22].
Next, we assessed the effect of miR-182 on ccRCC cells. The
endogenous expression of miR-182 was changed, and then the
cell viability, colony-formation ability, migration, and invasion
ability were determined. Our findings demonstrated that miR-
182 functioned as a tumor suppressor in ccRCC by decreasing
cell viability, migration, and invasion ability.

A

@ hsa-miR-182/IGF1R Alignment

The possible mechanism regarding migration and invasion
of miR-182 was further investigated. Migration and invasion
have been considered to be one of the most important determi-
nants in the development and progression of tumor metastasis,
which contribute to the leading causes of morbidity and mor-
tality. The development of metastasis is a multistage process
that is involved in many factors such as lymphangiogenesis,
angiogenesis, and invasiveness of cancer cells [23, 24]. It has
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been reported that metastases were present in up to 60-70% of
patients by the time of diagnosis [24]. In addition, metastasis
can be an early event feature and stay unnoticed until the di-
agnosis because of the asymptomatic status in the early stage
[25, 26]. Therefore, better understanding of the regulatory
mechanisms of migration and invasion of malignancy may
provide new target therapeutic interventions against cancers.
In the present study, we tried to clarify the underlying regula-
tory mechanism of miR-182 in ccRCC migration and invasion.
Our results showed that IGF1R was a direct target gene of miR-
182, and was negatively regulated by miR-182. IGF1R is an
important oncogene, which is often mutated or overexpressed
in many human tumors including RCC [27]. It has been well
demonstrated that IGF1R mediates tumor cell proliferation,
differentiation, survival, migration, and apoptosis [28-30]. Fur-
thermore, a growing body of evidence points out that IGF1R is
essential for oncogenic transformation and is responsible for
critical process of the metastatic cascade such as angiogenesis,
cell adhesion, migration, and invasion [30, 31]. Additionally,
IGF1R has been regarded as a valuable therapeutic target, and
IGF1R-antagonistic monoclonal antibodies have been raised
against the activity of IGFIR [32]. Several miRNAs, such as
miR-133, miR-143, miR-145, and miR-503 [33-35], have been
shown the ability to target IGF1R gene expression in different
tumors. Our results also found that IGF1R was a direct target
of miR-182 by luciferase reporter assay, and IGF1R could be
negatively regulated by miR-182. To confirm whether miR-
182 regulates the migration and invasion in ccRCC cells by
regulating the expression of IGFIR, we determined the effect
of silencing of IGF1R on the migration and invasion in ccRCC
cells. The results showed that silencing the expression of IGF1R
reversed the effect of miR-182 inhibitor on the migration and
invasion of the cells.

In conclusion, our results suggest that miR-182 may func-
tion as a new metastasis-related gene in ccRCC. MiR-182
suppresses the migration and invasion of ccRCC cells by
negatively regulating the expression of IGF1R.
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